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Ansrnlcr

Hydrobasaluminite is found as irregular patches and lenses in allophane and halloysite

at the Mississippian-Pennsylvanian unconformity near Shoals, southwestern Indiana. The

clay mineral deposits are underlain by the Glen Dean Limestone of late Mississippian age'

and are overlain by quartz pebble conglomerate of the Mansfield Formation of early

Pennsylvanian age. The hydrobasaluminite appears to have formed by alteration of allo-

phane which replaces the Glen Dean Limestone, or by direct replacement of the limestone.

X-ray investigation shows that the Shoals hydrobasaluminite is identical to that re-

ported Irom England, France, Kansas, and other places. The Shoals hydrobasaluminite

dehydrates to basaluminite at room temperature (26"C), dehydrates lurther to meta-

basaluminite at about 100oC, and decomposes to amorphous material at about 200oC.

Poorly crystalline Alzo: forms between 940o and 1000oc. Electron micrographs indicate

that the hydrobasaluminite (converted to metabasaluminite during microscopy) consists

of plates up to 5 pm in diameter and about 0.05 pm thick, some with rhombic shapes' Chem-

ical analyses suggest the formulas A1{SO4(OH)r0'l2HzO ior hydrobasaluminite, AIaSOT

(OH) 10. sHrO f or basaluminite, and AlaSOr(OH) ro' HrO ior metabasaluminite.

INtnopuctroN

Two new aluminum sulfate minerals, hydrobasaluminite, given as

AlrSOn(OH)ro'36HzO, and basaluminite, given as AI4SOI(OH)ro'SHzO,

were first reported in 1948 from Irchester, Northamptonshire, England
(Bannister and Holl ingworth, 1948). A subsequent article by the same

writers (Hollingworth and Bannister, 1950) described the new minerals

more fully and indicated that, in addition to the original locality, the

minerals also had been identifi.ed in existing mineral collections at the

British Museum. Basaluminite was identified in museum collections from

Brighton, England; Epe..tay, France; and lrchester, England. Hydro-

basaluminite was identified in the interior of basaluminite fragments from

the Brighton locality. Since the original discoveries, hydrobasaluminite

or basaluminite have been reported from Tennessee and Kentucky (Mil-

ton, 1955), Indiana (Sunderman, t963), Russia (Fominykh, 1965), Kan-

sas (T ien,  1968),  and Utah (Frondel ,  1968).
In the spring of 1963 hydrobasaluminite was discovered near Shoals,

Indiana, during the progress of an investigation of the minerals found at

the Mississippian-Pennsylvanian unconformity in that area (Sunderman,

1963). The hydrobasaluminite was found in an abandoned halloysite

prospect tunnel, called the Johnson-Chenoweth prospect' Iocated in the
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Frc 1. Maps and section of hydrobasaluminite occurrence, Shoals, Indiana

SW+NW+ sec. 26, T. 3 N., R. 4 W., about 2 miles west of Shoals
(Fig. 1). The opening to the tunnel is in the south bluff of the valley of
the East Fork of the White River, about 40 feet above river level. The
hydrobasaluminite occurs in an inclined shaft extending to the west-
northwest from the m:rin drift of the prospect. (See Fig. 1.)

GBoro c;rc Ergvtnor.rtanN r

Relatively pure lenses of h1'd1652raluminite are interlayered with al-
lophane in the walls of the shaft. Gibbsite and halloysite are present in
the same bed with the hydrobasaluminite-gibbsite a few inches below
the hydrobasaluminite, and halloysite in the walls of the upper drift. The
entire zone of hydrated minerals is sandwiched between oolit ic and frag-
mental l imestone beds of the Glen Dean Limestone of late Mississippian
age, and quartz pebble conglomerate of the Mansfield Formation of earlv
Pennsylvanian age. (See Figs. I and 2.)

MrNener,ocy

Physi,col properties. Hydrobasaluminite from Shoals occurs in three dis-
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Frc. 2. Lenses of hydrobasaluminite (H) interlayered with allophane, Shoals, Indiana.

t inct habits:white, britt le and powdery; pale yellow, dense and earthy;
and pale yellow to white, opaline to porcelaneous. The latter two habits
are strikingly similar to the habits of the associated halloysite. The hy-
drobasaluminite appears colorless to pale yellow in reflected l ight; bas-
aluminite has a similar appearance but the yellow tint is most pronounced
along desiccation cracks. Both minerals appear to consist of a mosaic of
small crystals ranging up to 5 microns in maximum dimension.

Specific gravity was determined bv the p1'cnometer method, using
boiled disti l led water as the l iquid. Special precautions were necessary
for the determination of the specific gravity of the hydrobasaluminite.
Porcelaneous material was stored in an airt ight plastic bag unti l ready
for use, then ground and weighed as rapidly as possible. Repeated deter-
minations gave a mean value of i.86 for hydrobasaluminite. Basalu-
minite was prepared by drying in air at room temperature for up to 36
days. A constant specific gravity value of 2.08 was obtained after about
12 days drying. This compares with a value of 2.12 reported by Holl ing-
worth a,nd Bannister (1950), and a value of 2.lO reported by Tien (1968).

Special precautions also were necessary for determination of the index
of refraction of h,"-drobasaluminite. Small fragments of porcelaneous ma-
terial were stored under water unti l ready'for use, dried briefly, then
crushed under index oils to preserve the water of hydration. Hydro-
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Tenr,r 1. Cunurc,q.l Awr-vsrs or Hyonos.{seluMrNrrE, BasanuurNttn, aNo

MEt,leA.saluMrNrrn. Srroar,s, Itoranl

Specimen 11

llydrobasaluminite Basaluminite Metabasaluminite

SiOz
AlzOs
Fero:
PrOa
SOa
HzO

Total

* Molecular
-Hercent

l<atros

0 .30
35 .20
0.058
0 .017

13 .36
50.77

99. 705

Molecular
rercent

I(AtIOS

0 . 3 7
44 .08 2 .041
0  . 0 7 1
o.o21

1 6 . 7 2  1 . 0 0 0
3 8 . 5 8  1 0 . 1 9 6

99.842

- Molecular
rercent

KatIOS

0 . M
52 .08 2 .O40
0.084
0 .025

19.76  1 .000
27 .42  6 .108

99 809

Specimen 12

Hydrobasaluminite Basaluminite Metabasaluminite

- Moiecular
.Hercent

I(atros
* Molecular
rercent

-KAt IOS

3 . M
5 1 . 8 4  2 . 0 . 5 0
0 . 9 2
0 . 9 1

t 7  . 7 5  1 . 0 0 0
2 5 . 3 2  5 . 8 6 6

100.  18

Percent
Molecular

Ratios

SiOz
Al203
FezO:
PrO:
SOs
H:O

Total

2 . 3 8
35 .89
0 . 6 2
0 . 6 1

12.30
48.06

2.O34
2 .90

+ J , t l

0 .  78
(r .  / . )

t5  27
36 .27

99.74

1 .998

1.000
10 .050

Specimen I 1, white porcelaneous hydrobasaluminite.
Specimen rt2, pale yellow earthy hyclrobasaluminite.
Analyst, Mal.nard E. Coller.

basaluminite and basaluminite were found to be weakly birefringent. An
approximate range of refractive index values was determined for hydro-
basaluminite as 1.466 to !.477, and for basaluminite as I.512 to 1.517.
The values for basaluminite compare with published mean refractive
index values for this mineral of 1.519 (Holl ingworth and Bannister, 1950),
1.520+0.002 (Fominykh,  1965;  T ien,  1968),  and 1.525 (Frondel ,  1968).

Chemical analyses. Hydrobasaluminite exists at a constant 56oF in a
moist atmosphere in the Johnson-Chenoweth prospect shaft. Samples
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were collected in airtight plastic bags and stored in a freezer. Chemical
analyses (Table 1) were made on both the white porcelaneous and pale
vellow earthy forms of hydrobasaluminite, on hydrobasaluminite that
stood at 26"C for 24 hours (basaluminite), and on hydrobasaluminite
heated to 1600C (metabasaluminite).

The SiOz in the analyses were assigned to allophane, and proportional
amounts of AIzOr and HrO were subtracted from the basic aluminum sul-
fates. The molecular ratios in Table 1 were calculated after these correc-
tions were made. Results of these calculations give hydrobasaluminite
as AIaSO+(OH)r0' 12H2O, basaluminite as AlaSOa(OH)ro. 5HrO, and meta-
basaluminite as AlaSOa(OH)ro.HrO. Corresponding compositions l isted
by Holl ingworth and Bannister (1950) are AlaSOa(OH)10.36H2O, AlaSOq
(OH)ro. 5HrO, and AI+SOa(OH)to.

X-ray difraction d,ata. X-ray powder diffraction data were obtained for
the Shoals hydrobasaluminite and its states of lower hydration by the
diffractometer technique using filtered copper radiation. Because of the
ease with which water is lost from hydrobasaluminite at room tempera-
ture, the X-ray pattern was obtained in two ways: in a closed camera
with a water-saturated atmosphere, and from overlapping traces using a
fresh sample every 10"20. The X-ray patterns of basaluminite were ob-
tained from hydrobasaluminite that stood at260C for 24 hours and from
a sample heated to 160oC. Data for the d-spacings and intensities of
these compounds correspond well with similar data from Hollingworth
and Bannister (1950), and from Tien (1968).

An oscillating X-ray pattern over the t2.6 A hydrobasaluminite peak
and the 9.35 A basaluminite peak at room temperature is shown in Fig. 3.
In this run the hydrobasaluminite peak steadily decreased in intensity
and practically disappeared in about 20 minutes, with the concomitant
appearance of and steady increase in intensity of the basaluminite peak.

An oscillating-heating X-ray diffraction run (Fig. 4A.) again shows
dehydration of hydrobasaluminite to basaluminite at room temperature
in about 20 minutes. At about 85oC the intensity of the basaluminite
9.35 A peak increased, then began to decrease at about 100"C, indicating
dehydration to metabasaluminite (Fig. aB). The metabasaluminite was
stable to about 2000C, at which temperature it decomposed to amorphous
material (Fig. aC). Poorly crystalline AlzOs formed in the range 940-
1000oC. These values compare well with those given by Tien (1968).

Diferential thermal analysis. Differential thermal analyses of two dif-
ferent hydrobasaluminite samples from Shoals showed endothermic
peaks at  150,200,350,  and 940oC; and at  130,  145,355,  and 950oC. These
values also agree with those given by Fominykh (1965) and Tien (1968).
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Fro. 3. Oscillating X-ray pattern over 12.6A hydrobasaluminite peak, showing conversion
to basaluminite (9.35A) at room temperature.
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Frc. 4. Oscillating-heating X-ray pattern of hydrobasaluminite.

Electron microscopy. An electron micrograph of hydrobasaluminite (Fig.

5A) reveals that the material has a thin platy habit and that many crys-

tallites exhibit rhombic shapes. Some well-developed crystallites show

angles near 120o. Most crystallites are l-2 pm in maximum dimensions,
but they range up to 5 microns in width. Thicknesses as low as 30 A were
measured by means of a variation of Bradley's (1959) platinum-carbon
shadowing technique, in which Pt-C pellets instead of Pt-C rods are used.
Most crystallites appear to be about 0.05 pm thick. Great magnification
(Fig. 5B) shows a rough irregular filamentous surface.

An electron microscope diffraction pattern transmitted perpendicular
to the plates gave an orthogonal pattern, but it could not be related to
hydrobasaluminite or to basaluminite. An electron diffraction powder
pattern was obtained showing 16 rings that correspond well with meta-
basaluminite, however, and the conditions of electron diffraction appear

to have been sufficient to have dehyrated the specimen to metabasalum-
inite. The vacuum was on the order of 10-a mm; the temperature of the
irradiated specimen is difficult to estimate, but 100oC is a reasonable esti-
mate, and +200oC is not impossible.

OnrcrN

The mineral assemblages of the Shoals, Indiana and the Irchester-
England deposits are strikingly similar. Both deposits contain hydro-

basaluminite and basaluminite, halloysite and allophane, and gibbsite

and hydrated iron and manganese oxides. The Irchester deposit also con-

tains gypsum and aragonite.
The formation of the hydrated minerals at Irchester is attributed to

infitling and precipitation along joint fissures beneath a 60-foot clay bed.

Periglacial freezing of the surface material during Pleistocene time, with

consequent trapping of groundwater in a local structural basin, is called

upon to concentrate all of the ions necessary to produce the hydrated

minerals. The oolitic Iimestone has been weathered along joints in some
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Frc. 5. Blectron micrograph of hydrobasaluminite:
A. X40,000; B. X160,000.
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places so that only cores of fresh carbonate remain between joints. The
possibility of ancient weathering on a pre-clay Jurassic erosion surface is
mentioned by Hollingworth and Bannister (1950) as a mode of origin for
deposits, but it is dismissed by them as without supporting evidence.

Milton and others (1955) reported the formation of basaluminite in
sub-Chattanooga residuum in Tennessee and Kentucky and attributed
the origin to the action of HzSOr (derived from oxidized pyrite) on the
shale. Fominykh (1965) found basaluminite as a fine-scaled aggregate
associated with kaolinite, concentrated in voids in quartzite. Tien (1968)
found hydrobasaluminite in the Cabaniss Formation (middle Pennsyl-
vanian) in southeastern Kansas, associated with gypsum and iron oxides
above a coal bed, and found basaluminite as debris on dry slopes. Tien
related the formation of hydrobasaluminite " . . to weathering, Iocal
structure, topography, and mineral composition of associated rocks."

Bassett and Goodwin (19a9) studied the system AI2O3-SOB-HzO under
various equilibrium conditions and obtained a wide range of hydrated
aluminum sulfates. Most of the equilibrium mixtures were prepared by
the addition of HrSO+ to amalgamated aluminum. They concluded that
the only well-defined basic aluminum sulfate minerals are aluminite,
basaluminite, and hydrobasaluminite. Frondel (1968), however, has re-
ported the new mineral meta-aluminite, AIgSO+(OH)r'5HzO from Emery
County, Utah, in association with basaluminite. According to Frondel,
the basic aluminum sulfate minerals probably were formed by the altera-
tion of clay minerals in sandstone by acid sulfate solutions derived from
the oxidation of pyrite.

The origin of the hydrobasaluminite found near Shoals, Indiana, is re-
lated to the origin of an extensive but discontinuous clay miner a,l zone at
the Mississippian-Pennsylvanian unconformity in this area. This zone
contains a variety of clay minerals, as well as beds of iron oxides. The
clay mineral beds are of two types: a plastic, reddish-brown, iron-rich
clay material consisting dominantly of illite and kaolinite; bnd clay
lenses consisting dominantly of clear, white, blue, or tan halloysite and
allophane in various proportions. The illite-kaolinite clay material has
been interpreted as a residual or colluvial soil which developed on Mis-
sissippian rocks in pre-Mansfield time (Sunderman, 1963). This clay rests
on different rock formations of latest Mississippian age at various local-
ities in the Shoals area, which suggests that the soil developed after post-
Mississippian uplift and exposure, and that the residual clay is very early
Pennsylvanian in age.

The time of origin of most of the halloysite-allophane beds is thought
to be one cycle removed from that of the illite-kaolinite residual clays.
Much of the halloysite and allophane in the upper part of the Johnson-
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Chenoweth prospect and at other places in the general Shoals area is in-
terbedded with quartz pebble conglomerate of the basal part of the
Mansfield Formation. The halloysite and allophane are believed to have
been derived init ially from the residual clays, reworked by early Mans-
field streams, incorporated into the Mansfield Formation in a plastic
state, then altered to halloysite and allophane after deposition (Sunder-
mar1, 1963). It is possible that the hydrobasaluminite at Shoals has
formed in this way also, by alteration of reworked residual clay, but an-
other  or ig in is  favored.

Some of the halloysite and allophane, and minor amounts of gibbsite,
have formed by replacement of l imestone in the Johnson-Chenoweth
prospect and elsewhere in the Shoals area. Some allophane completely
replaces l imestone in the Johnson-Chenoweth prospect, as indicated by
the presence of replaced crinoid fragments and oolites identical to those
in the underlying Glen Dean Limestone (Sunderman, 1963). No replaced
structures have been observed in the hydrobasaluminite, but it is inter-
bedded with allophane of known replacement origin (Fig. 2). Therefore
it is l ikely that the hydrobasaluminite has formed by replacement of the
limestone also, or that it has replaced the pseudomorphic allophane.

The time of formation of the hydrobasaluminite is perhaps question-
able, but it is probably post-Mansfield. No known source of sulfate was
available to form the hydrobasaluminite during the soil-forming process
in early Pennsylvanian pre-Mansfield time, although the limestone re-
placement conceivably could have taken place then. It is considered more
Iikely that the hydrobasaluminite and allophane formed by replacement
of small masses of saprolitic limestone after deposition of the Mansfield
Formation. Associated residual clays could have furnished alumina and
sil ica for the hydrobasaluminite and allophane, and the quartz pebble
conglomerate of the Mansfield, which contains some pyrite, probably-
furnished sulfate and additional sil ica for the reolacement minerals.
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