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CRANDALLITE (I'SI]UDOWAVELLTTE) }ROM GARDNER X,IINI'
RIDGII, LAWRENCI' COUNTY, INDIANA*

S. S. Gnnn,wBERG AND W. 11. Er.nnxru, Indiana Geological Suraey
ond, I nd.iana Lt nirer sity, Blo o mington, I nd.iana.

Crandall ite, CaAle(PO+)z(OH)bHrO, was found as a minor constituent
of a brown, aliophane-rich variety of hydrated halloysite (endell ite) in
the course of an l-ray investigation of clay samples from Gardner tr{ine
Ridge, Lawrence County, Indiana (sec. 21, T. 4 N., R. 2 W.). Inasmuch
as crandall ite and pseudowavell ite may be considered a single species
(Palache,  et  a1. ,1951,  p.837) ,  th is  posi t ive ident i f icat ion of  crandal l i te
confirms a suggestion by Callaghan (1948, p. 34) that pseudowavell ite
may be present in a clay sampie from Gardner ilIine Ridge.

The dominant clay mineral at Gardner Mine is hydrated halloysite.
concentrations of hydrated halloysite are localized in restricted lenses
and pockets stratigraphically at, or just above, the Mississippian-
Pennsylvanian unconformity. A pebbly facies of the I,Iansfield formation
overlies the ciay deposits and occurs as discontinuous and irregular
seams and lenses within the clay itself. The character of the sedimentary
rocks beneath the clay is not known definitely, but it is probably under-
lain by the l '{ ississippian Beaver Bend limestone.

The hydrated halloysite can be divided into three varieties on physical
appearance:

1. Bluish-white, microgranular, nodular variety with distinct con-
choidal fracture.

2. White, massive, granular variety.
3. Brown, massive, granular variety.

Callaghan (1948) described these deposits in detail.
Crandall ite has been identif ied only in the brown, massive, hydrated

halloysite. Thin section studies have not been made of this variety be-
cause of its extreme friabil i ty, and consequently the exact habit of the
crandall ite is not known. However, it has been shown by microscopic
examination that a considerable amount of the crandall ite is associated
with grains of allophane, which may comprise as much as 5O/6 of the
brown variety of hydrated halloysite. Some crandail ite may also be
intimately mixed with the hydrated halloysite.

Grains of crandall ite are composed of subparallel to radiating acicular
crystals (0.05X0.001 mm.) and display a characteristic wavy extinction.

* Published by permission of the State Geologist, rndiana Departrnent of conservation,
Geological Survey, Bloomington.
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The grains themselves vary from elongate arcuate fragments (0.1X0.05

mm.) with well rounded edges to equidimensional clay size particles.

No recognizable interference figure was obtained. Refractive indices

range f rom 1.620-1.630+.002,  and b i ref r ingence is  weak.
Two grains were noted that did not have the characteristic wavy ex-

tinction of crandall ite. These grains were biaxial negative with a 2V of

34o+3o as measured on a universal stage. This mineral may possibly be

Iewistonite or dehrnite.
The d-spacings from r-ray patterns of the Indiana crandallite corre-

spond closely to those of McConnell 's pseudowavell ite (1942, p' 652)'

The A.S.T.M. d-spacing card tit led "crandall ite" (no. 5-0615) dif iers

significantly from the card tit led "pseudowavell ite" (no. 2-0738). If

crandallite and pseudowavellite are the same mineral species, then the

A.S.T.M. card fi le is in error for one of the minerals.

Gibbsite occurs, intermixed with granular hydrated halloysite, as a

crust on the nodular variety of hydrated halloysite, and may be an al-

teration product of the latter. The brown hydrated halloysite owes its

color to iron oxides which also coat the qu.artz grains of the associated

Mansfield sandstone. Allophane is found in both the brown and the

white granular varieties of hydrated halloysite.
Two samples of allophane from Gardner Mine Ridge contained 9.sIyo

and 1O.57/6 PzOr (Callaghan, 1948, p. 33; and White, 1953, p' 636)'

Callaghan (1948, p. 35) thought that the PzOr in the allpohane was due

to the presence of evansite. These same chemical analyses, however,

show 2.86/6 and 2.37/6 CaO; thus some, if not all, of the PzOr is t ied

up in crandall ite rather than in evansite. In another sample of allophane

from Gardner Mine Ridge, Ross and Kerr (1934, p. 1a6) fo\nd 7 -15/s

PrOs and no CaO; this allophane probably contained evansite and no

crandall ite. The crandall ite, at least in part, is an alteration product of

the evansite.
Crandall ite or pseudowavell ite has been described from Hesse-Nassau,

Germany (Kosmann, 1869, p. 799), Silver City, Utah (Loughlin and

Schaller, 1917), Amberg, Bavaria (Laubmann, 1922), Fairfield, Utah

(Larsen and Shannon, 1930, p. 317), Llallagua, Bolivia (Gordon, 1944,

p. 336), Thibs, French West Africa (Visse, 1952; Capdecomme, 1952,

1953; Capdecomme and Pulou, 1954), and Paraiba, Brazil (Murdoch,

1955, p.57). The occurrence at Gardner Mine Ridge most closely re-

sembles that at Thibs, where the'deposit is believed to have originated

from a phosphate rich residual soil.
At the present time a detailed investigation is in progress to describe

and determine the origins of the minerals at Gardner Mine Ridge, with

particular emphasis on the phosphate minerals.
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The authors would l ike to acknowledge the many valuable suggestions
made by Carl W. Beck, Professor of Mineralogy at Indiana University.
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I{ELATION OF IONIC RADIUS TO STI{UCTURES OF RARE-I'AI{TH
PHOSPHATES, ARSENATES, AND VANADATES*

l{. K. C-Lnnow, Xleny E. X,{nosn, AND K. J. lIunrr.L,
U. S. Geological Survey, Washinglon 25, D.C.

Several investigators have reported data on the crystal structures of
rare-ear th phosphates (Carron and others,1958),  arsenates (Strada

* Publication authorized by the Director, U. S. Geological Survey.
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