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ABSTRACT

Turneaureite, ideally Ca5 [(As,P)Oa]3C1,. is hexagoqal,
space group P63/m, a 9.810(4), c 6.868(4).4., V 572.4 A3,
Z : Z.lt xcurs at Franklin, New Jersey, Lingban, Sweden
Oolotype), and Balmat, New York. Microprobe analysis
gave CaO 43.8, PbO 0.7, MnO 1.9, As2O5 44.9,P2Os6.1,
Cl 3.2, F 1.2, less O = Cl,F 1.2, sum 100.6 weight Vo,
corresponding to (Cae.7eMn6.::Pbo.odrro.oz[(AsOa)a.rt
(PO+)r.ozlrs.s2(C\.rzFo.za)rr.go. Turneaureite is colorless
with a vitreous to slightly greasy lustre; hardness (Mohs)
5; density 3.60(5) (meas.), 3.63 dwr3 (calc.). Optically tur-
neaureite is uniaxial negative, with r,r 1.708 and e 1.700 (botl
* 0.003). Turneaureite has a bright orange fluorescence
in short-wavelength ultraviolet radiation. At I i'ngban, tur-
neaureite is associated with andradite and calcite on
andradite-magnetite ore. At Franklin, it is associated witi
andradite, magnetite and calcite, and at Balmat, it is
associated with donpeacorite, tirodite, braunite and tour-
maline. The name honors Dr. Frederick Stewart Turneaure,
Professor Emeritus at the University of Mchigan, in recog-
nition of his contributions to the geology and mineralogy
of ore deposits. Type material is preserved at the Smithso-
nian Institution.

Keywords: turneaureite, new mineral species, arsenate apa-
tite, Franklin, Ldngban, Balmat.

SoNaraanne

La tumeaurefte, de composition iddale Cq[(As,P)]Oal:d,
est hexagonale et a les prirpri6t6^s suivantes:groupe spatial
K3/m, a 9.810(4), c 6.868(4) A, v stz.q 43, z = z. c"
min6ral se trouve d Franklin, New Jersey, Lingban, Suide
(holotype), et Balmat, New York. L'analyse i la microsonde
donne 43.890 CaO, 0.7 PbO, 1.9 MnO, 44.9 As2O5, 6.1
P2Os,3.2 Cl, 1.2 F, moins 1.2 pour O - Cl,F, pour und
somme de 1@.690 (en poids), correspondant d la formule:
(Cae.76 Mns.3l Pbo.oa)rro.oz[(AsO/a.s5(PO q) t.ot]xs.gz
(Clr.rzFo.zdrt.90. La turneaureite est incolore, i 6clat
vitreux ldgbrement gxas, duret6 5, densit6 mesur6e 3.60(5)
et calculde 3.63. La turneaureite est uniaxe n6gative, <^r
1.708 t 0.003, co 1.700 t 0.ffi3. Elle montre une fluores-
cence orange claire aux radiations ultraviolettes de courte
longueur d'onde. A Lingban, la turneaureite s'associe i
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l'andradite et la calcite sur le minerai d'andradite-
magn6tite. A Franklin, elle s'associe d I'andradite, la magn€-
tite et la calcite, et i Balmat, aux min€raux donpeacorite,
tirodite, braunite et tourmaline. Le nom de tumeaureite
honore Fr6derick Stewart Turneaure, Professeur Emdrite
i I'Universit6 ds ffighigan, pour ses contributions d la gdo-
logie et la min6ralogie des minerais. Le matdriau type est
conserv6 au Smithsonian Institution.

(Traduit par la R€daction)

Mots-cl6s: turneaureite, nouvelle espbce mindrale, apatite
i arsenate, Franklin, Lingban, Balmat.

INTRoDUC"IIoN

A systematic study of the arsenate apatites has
resulted in the discovery of several new species,
including morelandite (Dunn & Rouse 1978) and
johnbaumite (Dwn et al. 1980);' a recent part of this
investigation resulted in the characterization of
hedyphane as an ordered phase, CaaPb6(AsO)6C12
(Rouse et ol. 1984). Hedyphane had formerly, and
erroneously, been considered as the member of the
apatite group with the general formula (Ca,Pb)5
(AsO)rCl and was usually assigned the niche in the
arsenate apatite group rvith Ca as the dominant 4iuu-
lent cation. This assignment was found to be in error
by Rouse el al. (1984) because all known samples of
hedyphane have essential Pb and have Pb in excess
of Ca. Thus the redefinition of hedyphane created
a vacancy in the apatite-group series, such that there
was no known phase with Ca > Pb, As > P, and
Cl > F or (OH). We have found such a mineral at
three localities: Franklin, New Jersey, Lingban,
Sweden, and Balmat, New York.

We take pleasure in naming this new rnineral tur-
neaureite in honor of Dr. Frederick Stewart Tur-
neaure, Professor Emeritus at the University of
Michigan, in recognition of his contributions to the
mineralogy and geology of economic mineral
deposits. It is particularly fitting that turneaureite
comes from three deposits, all of economic sig-
nificance. Both the species and the name have been
approved by the Commission on New Minerals and
Mineral Names, IMA. Type material is preserved at
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the Smithsonian Institution under catalogue num-
bers C6270-l and C6270-2 @ranklin), 134981
(Lingban), and 159862 (Balrna|. Turneaureite,
ideally Car(AsOj3Cl, is the Cl analogue of svabite
Cas(AsO)3F and johnbaumite Cq(AsO)r(OH), the
arsenic analogue of chlorapatite Car(PO/rCl, and
the Ca analogue of morelandite Ba5(AsO)3Cl and
mimetite Pb5(AsO/3CI.

X-Rav CnysterLocnepHy

Single crystals of turneaureite were studied using
the precession and Weissenberg methods. In addi-
tion, results were obtained for another Llngban crys-

TABI.E 1. X-RAT POI{DER-DIFFRACIION DATA FOI TURNEAIIBEITE

t/ lo d(obs) r/\o d(obs)

tal that has F:CI:OH : 2:2:l but is otherwise com-
positionally similar to turneaureite. Although most
apatites have space group P63/m, several have been
reported to be monoclinic with a superstructure,
especially those with a significant Cl content. The
photographs of holotype turneaureite and the addi-
tional crystal mentioned above were therefore studied
especially carefully in order to determine the occur-
rence, if any, of deviations from hexagond sym-
metry. None were observed. Photographs included
sets of three related by 60" rotations about C so that
direct comparisons of six-fold-related patterns could
be made. All observations are consistent with space
groups PQ/m andP63. We asrume that the former
is the correct one by analogy with other members
of the apatite group.

Cell pqrameters for turneaureite [o 9.810(4), c
6.868(4) Al were obtained from least-squares refine-
ment of data (Table l) from a 114.6-mm-diameter
Gandolfi camera photograph. This photograph was
obtained using CuKcr radiation, a polycrystalline
sample, and Si as an internal standard.

Pttvstc,rl AND OPTIcAL Pnoprnrrss

Turneaureite was found at three localities, but only
the sample from Llngban, Varrnland, Sweden,
provided singfe crystals of a size and quality adequate
for the characterization ofthe species. Accordingly,
the Lingban sample was chosen as holotype, and the
principal features of the description are based on this
sample. Comparative examination of samples of tur-
neaureite from Franklin and Balmat confirm that
these samples have very similar optical and diffrac-
tion properties.

Turneaureite occurs at Lbngban as colorless,
slightly turbid, prismatic crystals up to 1.5 mm long;
they are prismatic in habit, and only the forms
{1010} and {0001} are pre$ent. Turneaureite has a
white streak and a vitreous to slightly greasy lustre.
The hardness (Mohs) is 5. The fracture is uneven;
cleavage was not observed. The density, measured
using heavy-liquid techniques, is 3.60(5) compared
with the calculated value of 3.63 g/cm3. Tur-
neaureite fluoresces a bright orange color in short-
wavelength ultraviolet radiation, but is not discer-
nibly fluorescent in long-wavelength ultraviolet radi-
ation. Phosphorescence is weakly discernible in mas-
sive material from Franklin, but was not observed
on crystals from the other localities. Optically, tur-
neaureite is uniaxial negative, with indices of refrac-
tion co 1.708(3), e 1.7@(3), measured in sodium light.
Calculation of the Gladstone-Dale relationship yields
Kc 0.188, and Kr 0.196, indicating good compati-
bility of the physical and chemical data (Mandarino
l98l ) .
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IABLE 2. CSA$ICAI, DAAA FOR EURNEAOREITE
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CHEMIcAL

Turneaureite was chemically
microprobe in two laboratories: the
Institution for samples from Franklin
and the University of Michigan
Balmat. The operating conditions and
given, together with the resultant
Table2. The unit-cell contents for the
ple, calculated with the de
cell parameters and observed
(Car.roPbo.onMn6.rr)s 10.6r[(AsO
(Clr.rz&.zs)'.* or, ideally, Car[(As,
Z : 2 .

Turneaureite occurs at the Llngban
land, Sweden, as euhedral crystals
calcite and several generations of
dite, on massive andradite-magnetite
specimens are known, but it must be
at this locality.

At Franklin, turneaureite occurs in
samples up to 5 x 3 x2crr^ in size. It is
does not occur in euhedral crystals,
lustre than the Swedish material. It is
magnetite, andradite and manganoan
which occur in centimetre-size crystals
It was probably locally abundant.
none of which were analyzed, exist in
collections.

Turneaureite also occurs in the
ceous marbles exposed on the 2500
Balmat #4 mine, New York.
are scattered within ssysral .1 tt.
units @rown et al. 1980). At Balmat
forms subhedral, isolated
associated with donpeacorite
tirodite, minor ferrian brauni
(draviterouvite*), anhydrite and
mite. All these phases were identified
and by qualitative energy-dispersion
tive wavelength-dispersion analyses
microprobe.

It is of interest to note that all
of turneaureite are in high-grade ma
Lingban, manganiferous ores were
to the amphibolite grade of regional
(Ohlsson 1979) during the 1.9 Ga
Orogeny (Frietsch et al. 1979).T:he
the enclosing Franklin Marble were
to the amphibolite-to-granulite facies
dinelon 1970, Frondel & Klein 1965)
morphic conditions in the Balmat area
kbar (Brown et al. lc/'78) and 650 t
et al. 1980). Both the Franklin and
were metamorphosed during the 1.0
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by electron

Orogeny (Baker & Buddington 1970, Engel & Engel
1953, respectively). Although there are few ther-
modynamic data on As- and Cl-bearine apatites, it
seems that turneaureite may be a metamorphic
mineral typically confined to the amphibolite and
granulite facies.
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