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Abstract

Tinsleyite, KAI2@O4)2(OH) . 2H2O, is a new species from the Tip Top Mine, near
Custer, South Dakota. It is monoclinic, space group Pnor PZln, with a : 9.602(8), b =

9.532(6), c : 9.543(ll)4, p = 103.16(6)", and Z :4. The strongest powder diffraction lines
a r e  ( d ,  I ,  h k t ) : 6 . 6 8 , 1 0 , n 0 , 0 1 1 ; 5 . 9 1 , 8 , 1 0 1 , T I 1 ; 3 . 0 0 6 , 7 , 1 3 0 , 0 3 1 . T 1 3 : 2 . 6 1 6 . 6 , $ 2 . 2 3 1 ,
132,320. Microprobe analysis yields K2O 12.4, Fe2O3 5.2, MnzOr Ll, Al2O3 26.6, P2O5
42.2,H1O (by difference) 12.5, sum : 100.0 weight percent.

Tinsleyite is dark magenta red, with pink streak, hardness (Mohs) approximately 5, and
density 2.69 (meas.), 2.62 (caIc.) g/cm3. The luster is vitreous. Optically, tinsleyite is
b iax ia l , pos i t i ve ,2V=S6" ,w i t h ind i ceso f re f rac t i on  a :1 .591 ,8 :1 .597 ,  y :1 .604 .  I t i s
strongly pleochroic with X = pale orange brown, I : light purple, and Z = dark purplish
red; absorption: Z > Y > X, X : b. Tinsleyite is associated with leucophosphite,
rockbridgeite, tavorite, carbonate-apatite, and robertsite in highly altered triphylite pods in
the pegmatite. Tinsleyite is chemically the Al-analogue of leucophosphite but apparently
differs slightly in structure. Type material is deposited in the Smithsonian Institution under
#159882. Tinsleyite is named in honor of Mr. Frank C. Tinsley of Rapid City, South
Dakota.

Introduction

As part of a study of the mineralogy of the Tip Top
pegmatite by one ofthe authors (TJC), several leucophos-
phite samples of unusual appearance were studied in
detail. One of these, a magenta-colored material, first
found in the late 1960's, was found to contain abundant
Al. Our subsequent study has shown that these magenta-
colored crystals are in part a new mineral, the Al-
analogue of leucophosphite. Additional material was
found in 1982 and some of this was found to be the new
phase using optical methods.

We take pleasure in naming this mineral tinsleyite in
honor of Mr. Frank C. Tinsley of Rapid City, South
Dakota. Mr. Tinsley has been a long-term contributor to
the preservation of rare and unusual specimens from the
Tip Top pegmatite and many other localities in South
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Dakota. As a direct result of his efforts, much valuable
research material has been saved from loss or destruc-
tion. The species and the name were approved by the
IMA Commission on New Minerals and Mineral Names.
Type material is preserved at the Smithsonian Institution
and in the private collection of WLR.

Physical and optical properties

Tinsleyite occurs as thin, magenta-red layers on com-
mon Fe-rich leucophosphite with parting surfaces be-
tween the two species. Tinsleyite forms as the outermost
zone of such composite crystals and approaches the
composition given herein only in the 0.05 mm outer
portions of the crystals. The streak is pink and the
hardness is approximately 5 (Mohs). The luster is vitre-

- ous on crystal faces and fracture surfaces. The density of
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the outermost, most Al-rich, zone of tinsleyite is 2.69(5)
g/cm3, as determined using heavy liquid methods. This
comp€rres well with the calculated density of 2.62 glcm3.
There is no visible fluorescence in ultraviolet radiation.
Tinsleyite is brittle. The red color of tinsleyite (and some
associated leucophosphite) is ascribed to trivalent manga-
nese, as noted under "Chemistry."

Tinsleyite is biaxial, positive, 2V : 86" (measured and
calculated), with indices of refraction a : 1.591, B =
1.597, and, y : 1.604 (all t0.003). Tinsleyite is strongly
pleochroic with X : pale orange-brown, I = light purple,
and, Z = dark purplish red; absorption is Z > Y > X and
the orientation is X ll b. Dispersion is indiscernible due to
the intense pleochroism. Color zoning is apparent in most
crystals examined. Calculation of the Gladstone-Dale
relationship using the constants of Mandarino (1981)
yields Ks = 0.216 for the chemical composition and K" =
0.222, indicating excellent compatibility of the chemical
and physical data.

The above description applies to the holotype material,
and it must be emphasized that not all the magenta-
colored material examined was tinsleyite. Some of the
material was essentially pure leucophosphite with only
traces of Al, and the dark red color of tinsleyite is,
therefore, not a useful diagnostic property. Optical ex-
amination, emphasizing indices of refraction, and X-ray
powder difraction data are the most reliable means for
the difierentiation of these two closely-related species in
those cases where chemical analysis is not possible.

Chemistry

Tinsleyite was chemically analyzed using an ARL-SEMe
electron microprobe utilizing an operating voltage of 15
kV and a sample current of 0.025 g,A, measured on brass.
The standards used were microcline (K), montgomeryite
(P,Al), manganite (Mn), and maricite (Fe). The data were
corrected using standard Bence-Albee factors. A wave-
length-dispersive microprobe scan indicated the absence
of other elements with atomic number greater than 8. The
resultant analysis is: K2O 12.4, Fe2O3 5.2, Mn2O3, l.l,
Al2O326,6,P2Os 42.2, HzO (by difference) : 12.5, sum :
1fi).0 percent. Mn is assumed to be Mn3+ because of the
intimate association with robertsite and the dark red
color, which is consistent with the absorption of Mn3* in
the visible range. Water was calculated by difference
because of extreme paucity of material; the validity of
this assumption is supported by the known crystal struc-
tural formula of leucophosphite (Moore, 1972). Calcula-
tion of the chemical formula of tinsleyite, based on P : 2,
yields: K0Ee(Alr.75Fe3lrrIUnair)rr.02(PO4)2(OH)0e5 .
l.86H2O or, ideally, KA12@O4)2(OH) . 2H2O withZ: 4.

Crystallography

Tinsleyite occurs as monoclinic crystals of tabular
prismatic habit essentially identical to that of leucophos-
phite (Lindberg, 1957). The forms present, indexed on the

Fig. l. Tinsleyite crystal from Tip Top pegmatite. The large
crystal face is (l0l).

basis of the primitive cell described below, are 1TOt1, 1Tt t),
{011}, and {110}. Tinsleyite crystals are tabular on {T0l}.
An SEM micrograph of a representative crystal is shown
in Figure l.

The crystal fragment chosen for X-ray study was a
composite (as were a// fragments), consisting of a color-
less leucophosphite core enveloped by magenta-colored
tinsleyite. Precession photographs taken with MoKa and
CuKa radiations showed two, nearly coincident, primi-
tive monoclinic lattices. -One had cell parameters d =
9 . 7 7 , b : 9 . 6 5 , c : 9 . 7 5 4 ,  a n d  B :  1 0 3 . 4 " ,  w h i c h  a g r e e
within 0.014 with those reported by Moore (1972) for
leucophosphite from the Tip Top mine. There is also a
close correspondence to the cells ofthe Brazilian material
(Lindberg, 1957) and synthetic leucophosphite (Smith and
Brown, 1959). The second lattice had cell parameters 0.1
to 0.24 less than those of the first and is ascribed to
tinsleyite. Their refined values, which were derived from
the powder difraction data (Table l) using least-squares
and an NBS silicon internal standard (a = 5.43088A), are
a : 9 . f f i 2 ( 8 ) ,  b : 9 . 5 3 2 ( 6 ) ,  c : 9 . 5 4 3 ( l l ) 4 ,  a n d  B  =
103.16(6)". Tinsleyite reflections were slightly out-of-
focus on the precession photographs. This indicates a
slight difference in orientation of the two species in the
composite crystals, which may be regarded as epitaxial
overgrowths of tinsleyite on leucophosphite.

The space group of tinsleyite is Pn or P2ln, which
differs from that of leucophosphite (P4ln) in its lack of
screw axes. This is proven by the presence ofa weak 010
reflection on the CuKa precession photographs, the other
odd orders along b* being absent. As the powder data
(Table 1) also contain a weak but distinct line at 9.594.
which can only be indexed as 010 (d"a. : 9.534), the
precession spot cannot be dismissed as an extraneous re-
flection due to multiple difraction or anode contamina-
tion. None of the published powder data for leucophos-
phite contains this line and an examination of all
leucophosphite powder photographs in the Smithsonian
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Table l X-ray powder diffraction data for tinsleyite Occurrence

Tinsleyite occurs in the Tip Top pegmatite, located just
southwest of the center of Section 8, T4S, R4E, approxi-
mately 5.5 miles southeast of Custer, South Dakota.
Tinsleyite is moderately abundant and is found in highly-
altered triphylite pods within the intermediate zone of the
pegmatite. This zone consists of large perthite crystals
with quartz, muscovite, fluorapatite, albite, beryl, minor
elbaite, and columbite-tantalite. In most cases, the triphy-
lite has been totally altered to secondary phosphates.

Rockbridgeite-frondelite and tavorite are among the
earliest secondary phosphates formed with rockbridgeite
being dominant. Green, prismatic leucophosphite crystals
about 5 mm in length formed subsequent to rockbridgeite-
frondelite and tavorite. Tinsleyite formed after leuco-
phosphite on which it commonly occurs as morphologi-
cally continuous overgrowths. Tinsleyite is found as deep
reddish-purple (magenta) colored crystals. Black, spheri-
cal aggregates of robertsite, together with yellow-orange,
prismatic crystals of a jahnsite-group mineral, formed
subsequent to leucophosphite and tinsleyite. Other min-
erals younger than tinsleyite include white, radial aggre-
gates of carbonate-apatite and orange, prismatic crystals
of laueite.
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Institution file produced the same negative result. Tins-
leyite also possesses a B-centered pseudo-orthorhombic
cell like that of leucophosphite. The B21ln symmetry
reported for the latter cell by Lindberg (1957) is presum-
ably a misprint for B21lc.

In his solution of the crystal structure of leucophos-
phite, Moore (1972) found that it contains tetrameric
clusters of FeO6 octahedra related by the operations of
the 21 axes. If tinsleyite is essentially isostructural with its
iron analogue, the low intensity of010 and the absence of
higher orders of 0t0, k : 2n .t I reflections suggests that
the tetramers are still related by pseudo-screw symmetry.
In view of this and the fact that a twofold rotation is
inconsistent with the leucophosphite structure, the proba-
ble space group of tinsleyite must be Pn nther than PZln.
In summary, while tinsleyite is, in the exact sense, the
chemical analogue of leucophosphite, the structural anal-
ogy is only approximate.


