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Assrnecr

Chemical analysis by K.N. and K.N. gave CaO 54.51, MgO, trace, MnO 0.M, SrO
0.28, Na2O, 0.34, KrO 0.07, CO: 1.65, PrOa 0.66, SiO, 17.30, SO: 21.56, A1?O3 trace, Fe2O3
0.21,F 0.28, Cl 0.91, H2O+ 2.04,FI2O- 0.72, -0:Fz, C120.32, total 100.25, correspondrng
to

(Cag asoNao rossro ozzFeo ozeKo orrMno.oor)((SiO4)?.s60(SOn):.ozr(CO:OH)o.aza(POr)o.oc:)

((OH)r sttClo zssFo r+o)Ozr sse

: (Ca, Na, Sr, Fe, K, Mn)s.sr+(Sr, S, (CO3OH), P)o ooo((OH), Cl, F)z zzsOss sro as

s i + s + c + P : 6 0 0 0 ,

or ideally Caro((SiOr):(SOo)r)(OH, Cl, F)z with OH>Cl, F. This is the OH analogue of

ellestadite, which has CI>OH, F. X-ray powder data as well as precession photographs

showed it to be hexagonal, with space grotp Cf;1,-P6zf m,with a9.491 A, t 6.921 A (both

+ 0.001 A), and. Z : 1 Synthetic Caro( (SiOr) : (SOn) r) (OH), has a 9.484, c 6.927 (T akemoto

and Kato, 1968). The strongest Iines are 3 .462(40)(0002),2.839(100) (21.1),2.801(M)(11.2)'

2.739(60)(s0.1), 2.6ss(4s)(20.2), r.85s(43)(2r.3), r.484(20)(50.2). Optically hydroxyl-
ellestadite is uniaxially negative, with e 1.650 and cu 1.654 (both +0.001). DTA, TGA, and

IR data are given.

Mineral data and modes of occurrences of pale rose-pink wilkeite from Takiue as well

as of yellowish green OI{-CI-F-apatite from Uzunosawa, both in the Chichibu Mining

Area, are also described.

INrnooucrroN

Ellestadite, silicate-sulfate apatite, was first described by McConnell
(1937 and 1938) as one of the skarn minerals from Crestmore, Riverside
County, California, where the rose-pink or orange ellestadite was as-
sociated with diopside, wollastonite, idocrase, monticellite, okenite, and
blue calcite. Although there are some related minerals, such as silicate-
sulfate bearing Permian phosphorites from the western United States
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(Gulbrandsen, 1966; Gulbrandsen et al., 1966), and a sulfate apatite
from the Nadezhnoe Mine, Kurung Khonku, USSR (Yasil,eva et al.,
1958), Crestmore is the only reported locality for ellestadite. Hydroxy-
Iellestadite and F-ellestadite have been synthesized by Dihn and Kle-
ment (1942). Takemoto and Kato (1963) also synthesized hydroxy-
Iellestadite in the system CaO-SiOrCaSOq at 235oC, under attendant
pressures of water vapor, together with portlandite, hillebrandite, xonot-
Iite, and anhydrite. During the course of mineralogical studies of the
Doshinkubo ore deposit of Chichibu mine in 1961, Harada found a
purplish mass of unidentified mineral among the pre-ore skarn minerals
oI zone 3 (Harada, 1962; and Harada et al., 1965) in association with
diopside, wollastonite, xanthophyll ite, idocrase, and white calcite.
Later Mr. Takaharu Imayoshi of the National Science Museum, Tokyo,
also found a rose pink mass of unidentified mineral in the pre-ore skarn
associated with idocrase and pale-blue calcite from Takiu6 in the Chi-
chibu mining area. Chemical analyses, infrared absorption spectra, and
X-ray powder data confirmed that the Doshinkubo mineral is the OH
analogue of ellestadite and that the Takiu6 mineral is wilkeite. The modes
of occurrences of the Chichibu hydroxylellestadite and the wilkeite are
quite similar to those from the type locality (McConnell, 1937). Alumi-
num-deficient and sulfate-saturated conditions may promote the for-
mation of ellestadite or wilkeite instead of scapolite which contains
aluminium as well as sulfate. It should be noted that no scapolite is found
in the Chichibu mining area.

Recently, apatites and related substances have attracted the interest
of manv investigators because of their complex chemical compositions
and wide ionic substitutions. Thus, detailed chemical analyses of the
hydroxylellestadite and wilkeite should be of value. This report con-
tains various data, including chemical compositions, for the hydroxyl-
ellestadite, wilkeite, and a yellowish-green OH-Cl-F-apatite found in the
skarn at lJzunosawa, in the Chichibu mine, associated with magnetite,
chlorite, tremolite, and calcite. Chichibu hydroxylellestadite is the OH
analogue of ellestadite, which has CI) OH, F.

Pnysrcer- AND OprrcAr, Pnoprnrres

Chichibu hydroxylellestadite is translucent pale purplish with vitre-
ous luster. Cleavable aggregates up to 100 kg occur and individual
cleavage pieces are up to 2 cm along the c axes. AII specimens are an-
hedral. The hardness (Table 1) is slightly less than that of normal
apatite. The specific gravity determined by a 2 ml pycnometer at 20"C
(Table 1) is in good agreement with the calculated value derived from
chemical analysis and unit-cell data. Refractive indices determined by
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TADLE 1. CHEI1IC,I], COI'IPOSITIONS AND PHYSICAL PROPERTIEI; OF

OH.ELLEST.OITET WILKEITE AND A OH-C1.F-APATITE
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Note :  I .  o r ig ina l  e l les tad l te  f rm Cres tmore ,  Ca l i fo rn ia  ( I : cConne l l ,  1937;
- \na lys t i  R .  B .  E t les tad) ,  2 .  OH-e l les tad i t€  f rom Dosh inkubo (Present  work ;
Ana lys t r  i (azuso Nakao and Kozo Nagash lme) ,  3 .  l l i l ke i te  f rom Tak iue  (Present  work l
Analystr Kazuso l. lakao and Kozo tlagashima)n 4. OH-CI-F apatite frm Uzunosawa
(Present  work ;  Ana lys t i  Kazuso Nakao and Kozo Nagash ima) .

the immersion method a"t 20"C in sodium lieht are shown in Table 1;
they agree well with ellestadite from the type locality (McConnell,
1937). The immersion media were checked with an Abb6 refractometer
using sodium light.

Takiu6 wilkeite is pale rose-pink and finely granular, forming com-
pact aggregates less than 1 mm, contaminated with calcite. Physical
properties of the mineral are listed in Table 1.
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OH-CI-F-apatite is yellowish-green and megascopically translucent,
and generally massive up to 3 by 4 cm, sometimes showing prismatic
forms 2 cm in maximum length. The prismatic cleavage of the OH-CI-F-
apatite is dominant. Physical properties of the apatite are also listed in
Table 1.

Hydroxylellestadite and wilkeite are rapidly soluble in cold dilute
HCI (1N). After careful hand picking and washing with pure water, hy-
droxylellestadite, wilkeite, and OH-Cl-F-apatite samples were ground
to -60 mesh powder and immersed in tetrabromethane of specific
gravity 2.95 to remove contaminating materials. Purified samples thus
obtained were initially tested by X ray as well as microscopically, then
ground again to - 200 mesh powder and used for the following studies.

X-Rev D,q.ra

X-ray powder diffraction data for hydroxylellestadite, wilkeite, and
OH-CI-F apatite are given in Table 2. All lines agree well with those of
the usual apatite and no d spacing inconsistent with the space group of
apatite Can2-P6af m was observed. This space group for the three apa-
tites was confirmed also by precession photographs. Hexagonal Iattice
dimensions for the hydroxylellestadite, wilkeite, and OH-Cl-F-apatite
were determined by back-reflection photographs using filtered copper
radiation (Table 1). Unit-cell data for the hydroxylellestadite and
wilkeite fit well with those given by McConnell (1937 and 1938) for
natural ellestadite as well as those given by Takemoto and Kato (1968)
for synthetic hydroxylellestadite (a 9.48+, c 6.927, and cf a 0.730). Data
given by Dihn and Klement (1942) for both synthetic F- and hydroxyl-
ellestadites are a 9.54, c 6.99, and c/a 0.732; these are somewhat larger.
Unit-cell data for OH-Cl-F-apatite from Uzunosawa are intermediate be-
tween F- and Cl-apatite end-members described by Walters and Luth
(1969). X-ray powder data for hydroxylellestadite and wilkeite are
more detailed than those given by McConnell (1937 and 1938). The
increase in c of the hydroxylellestadite seems to be largely attributable
to SiOa for POa since F-apatite and OH-apatite are both about 6.88 A for
c. The effect of S seems to be very small for either a or c dimensions
(McConnell, 1970; personal communications). The dimensions for hy-
droxylellestadite, wilkeite, and OH-Cl-F-apatite fit weII with the co-
efficients recently given by McConnell (1970).

CneMrcnr. ANervsps

Using 5 to 7 g purified samples chemical analyses were made, adopting the following
procedures in which classicai wet chemical techniques by Hillebrand eI al. (1953) and the
special methods for chemical analysis of apatite proposedby Crult el oL (1965) were chiefly
utilized:
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TABLE 2. X-MY DIFFMCTION POWDER lOR OH'ELLESTADITET WILKEITE

rND A OH.CI-F-APATITE FROI'I THE CHICHIBU MINEI
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^Data 
obtained uslng copper radlat lon wi th n ickel  f l l ter .

Deluminatrion oJ P,Os. A?alite and. wilkeile: After decomposition of the sample by sintering
with sodium carbonate and following treatment with nitric acid to remove silica, phosphate
was separated by precipitating with ammonium molybdate. The yellow precipitate was
dissolved in ammonia solution, and after double precipitation by the addition of magnesia
mixture, phosphate was weighed as MgzPrOT. Hydrorytrel,trestad.ile.' A small amount of the
sample was decomposed by treating with hydrofluoric, nitric, and perchloric acids, and dis-
solved in water. Phosphate was determined colorimetrically after the addition of sodium
sulfite and a solution of ammonium molvbdate and hvdrazine sulfate.
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Determination o/SOr. Samples were dissolved in dilute hydrochloric acid, and sulfate was
precipitated with barium chloride. The precipitate was purified with hydrofluoric and
sulfuric acid; the insoluble residue was ignited and weighed as BaSOr.

Delerm'inolion oJ Si.Oz. Samples were sintered rvith sodium carbonate and acidified with
hydrochloric acid. Aluminum chloride was added to mask fluoride ion, then the solution
rn'as evaporated to dryness. The separated silica u'as determined gravimetrically.

Determination oJ It. Alter sintering the sample ivith sodium carbonate, fluoride was sep-
arated by the steam-distillation from sulfuric acid solution containing silica powder.
Fluoride was titrated with a standard thorium nitrate solution.

Delerminalion o/ Cl. Samples were dissolved in dilute nitric acid, filtrated, and chloride was
precipitated as silver chloride. The precipitate was dissolved in ammonium chloride-
hydroxide solution, and potassium dicyanickelate was added to the solution. The librated
nickel was titrated rvith a standard EDTA solution.

Determinati.on of Al2O3, CaO, and MgO. Apatite: The sample was fused with sodium car-
bonate after addition of a small amount of silica. It was acidified and evaporated to remove
silica and fluoride. In order to precipitate the phosphate ion, zirconyl chloride was added to
the acidic solution. After filtering, aluminium, iron, and remaining phosphate and zirco-
nium were precipitated with ammonium hydroxide. Aluminium in the precipitate was de-
termined as phosphate after the separation oI iron and zirconium. To the filtrate from the
ammonium hydroxide precipitation ammonium persulfate was added to precipitate
manganese dioxide. Calcium was double precipitated with ammonium oxalate, ignited,
and weighed as CaO. From the oxalate filtrate, magnesium was precipitated with ammo-
nium phosphate, ignited, and weighed as MgzPzOz Calcium was recovered from the ignited
precipitate. Hydrorylellestad.ite and. wiJkeile: Same as above. However, because of its low
concentration, phosphate was separated by precipitating with excessive ferric ion from a
slightly ammonical solution.

Delumi,nolion oJ SrO, NazO, and KrO. These metals were determined by flame photometry.
Apatite was dissolved in dilute hydrochloric acid, whereas hydroxylellestadite and wilkeite
were decomposed by hydrofluoric and sulfuric acid treatment. Dilute hydrochloric acid
solutions were used for the determination of sodium and potassium. To analyse for stron-
tium, samples were fused with sodium carbonate, leached with water, and the residue was
dissolved in dilute hydrochloric acid.

Determinal,ion of MnO and Fed)y Standard spectrophotometric procedures were applied.

Determ'ination oJ CO2. Carbonate dioxide was determined by evolution from hydrochloric
acid and weighed on absorbants. Combustion method was also tried to make sure of the
results.

Del,erminalion 0J H,Oe) . The Penfield method specially refined by CruIt et al. (1965) was
adopted. The sample was decomposed using a flux for silica, lead chlomate, and litherge,
and the evolved water was collected in a long glass tube.

The results of the chemical analvses are given in Table 1. The struc-
tural formulae with Si+S+C+P:6.000 for the hydroxylellestadite and
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wilkeite, and OH*Cl+F:2 for OH-Cl-F-apatite are represented below
A S :

Doshinkubo;(Cag.esoNao rogSro ozzFeo.o:oKo.orsMno 00r) ((SiO4)r.8oo (SOr)z ezs,
(COsOH)o.azr(PO*)o.onr) ((OH)r szClo.rss, Fo.rnu) . Orn ssu: (Ca, Na, Sr, Fe,
K,  Mn)e.saa (Si ,  S,  (CO3OH),  P)u.ooo ( (OH),  F,  Cl )2.273.Orr  sso.

Takiu6; (Cag sgsSro es3Fee.e36Na6.6e2K6 661Mne oorCo.nrz) (Pr.raoSir.ggsSr.osz
Co otr) . O24.46e (Cl6.406OIfs 3esFs rru) : (Ca, Sr, Fe, Na, K, Mn, C) e szo (P, Si,
S, C)u ooo'Ozraos (Cl, OH, F)1.636, and Uzunosawa; (Cae.35eSr6.ssaNa6.637
Ko.o") ((OH)o zorCls.671Fs.*r) (Pu ,ozSio ron)o oro'Oua.reo: (Ca, Sr, Na, K)e.e62
((oH),  c l ,  F)z oo (p,  Si )u.oru.orr . rso.

Those formulae are in good agreement with ideal formulae of apatites.
The hydroxylellestadite containing 0.66 percent of P2Ob is close to the
ideal end composition of hydroxylellestadite. It should be noted that the
hydroxylellestadite and the wilkeite contain some carbonate in the
tetrahedral site as well as the 3-fold Ca site of these structures (Mc-
Connell, 1952, t959; Walters et al., 1969; and McClelland and Lehr,
1969). This fact is verif ied by the infrared absorption spectra. The
OH-Cl-F-apatite is free from COz as well as calcite. Hydroxylellestadite,
wilkeite, and OH-Cl-F-apatite are free from contaminating calcite. Hy-
droxylellestadite, wilkeite, and OH-Cl-F-apatite contain large amounts
of structural OH as was confirmed by DTA as well as infrared absorption
spectra.

A most interesting situation results for the hydroxylellestadite: if,
instead of taking summation of C, Si, S, and P as 6, one takes all cations
to sum to 16. This vields:

Giren

9 8 4
s .63
0 . 3 7

sites for Ca
Tetrahedral

Carbonate

Adjrcted

9.94 plus 0.09:10.03 (incl. l/4 of 0.38)
5.69 plus 0.29: 5.98 (incl. 3/4 of 0.38)
0 3 8

16.0116.01

This calculation is consistent with the theory that one-fourth of the
C atoms are displacing Ca on the 3-fold axes in such manner that three
fourths of the C is additive to the tetrahedral sites whereas, one-fourth
is additive to the Ca sites (McConnell, 1952, 1959, 1960, 1961, 1970, and
personal communications). AIso quite apparent is the summation of
hydroxyls plus halogens to 2.64 versus 2.00 for the theoretical structure.
This fits the theory recently advocated by McConnell (19i0).
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IurnenBo AssonprroN Sprcrna

Infrared absorption spectra for hydroxylellestadite, wilkeite, and
OH-Cl-F-apatite were obtained using a Hitachi EPI grating-type spec-
trophotometer and KBr disks. AII specimens and KBr had been initially
kept in a phosphorus pentoxide desiccator to eliminate absorbed water.
The results are shown in Figure 1. Hydroxylellestadite gives bands of
absorption at 3600, 1470; 1420, 1140, 920,845, 640, and 610 cm-r.
Wilkeite gives bands at 3500, 1470, 1420,1140, 1040, 920,845,6+0,610,
602, and 575 cm-l. OH-Cl-F-apatite gives bands at 3550, 1090, 1040,
960, 602, and 575 cm-l.

According to Gulbrandsen et al. (1966), Brophy et al. (1968), and
Bhatnager (1968), the absorption bands, such as those we find at 1470
and 1420 in hydroxylellestadite and wilkeite, do not originate from ad-
mixture of calcite but from COrz- itr the apatite structure. However, in
our infrared absorption spectra for hydroxylellestadite and wilkeite the

wovele ngth (/s)
5 6 78910121525'

(t  )

Q)

wovenumber(cm-r)
Frc. 1. Infrared absorption spectra of hydroxyiellestadite (1), wilkeite

(2), and OH-CI-F apatite (3).

(n
a
E
a
c
o
t-

(3)
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splitting of the COB band at 1400 cm-1 into two bands (1470 and 1420
cm-l) is not as pronounced when compared with the carbonate-phosphate
apatite (Gulbrandse n et al., 1966). Hydroxylellestadite, wilkeite, and OH-
Cl-F-apatite give bands at 3600, 3500, and 3550 cm-l of OH origin. Bands
at It40,640, 610 of hydroxylellestadite and wilkeite correspond to the
stretching vibration of SOr according to the work on sulfate minerals by
Omori (1968). The bands at 920 cm-l and 845 cm-l of hydroxylellesta-
dite and wilkeite may be assigned to stretching vibrations of SiOn. The
bands at 1090, 1040, 960, 602, and 575 cm-l for OH-Cl-F-apatite and
wilkeite are the stretching of POa which agree well with the data by
Alder (1964), Gulbrandsen et al. (1966), Bhatnager (1966), and Omori
(1969). Thus, infrared absorption spectra for hydroxylellestadite, wil-
keite, and normal OH-Cl-F-apatite are quite distinct. Hydroxylellesta-
dite and wilkeite contain structurally bound COa. Wilkeite, OH-CI-F-
apatite, and hydroxylellestadite are free from contamination by car-
bonate minerals.

DTA eNo TGA DATI FOR APATITES AND HEAT
TnBaruBNr on HvonoxvLELLESTADrrE

DTA and TGA curves for hydroxylellestadite, wilkeite, and OH-CI-F
apatite were made by the use of a Shimazu automatic recorder; heating
rate of 10oC/min., reference Sunction at 0oC, Pt/Pt-l3/oRh thermo-
couple, in an atmosphere of air. The results are shown in Figure 2. DTA
of hydroxylellestadite gives endothermic peaks at 1600, 181o, 8000, and
1180'C and TGA gives a gradual loss of weight about 0.70 percent be-
tween 0o to 200oC, and 3.42 percent between 600o to 1300oC, probably
due to partial escape of H2O, SO3, and COa. DTA of wilkeite gives endo-
thermic peaks at l+2",820", and 1180"C. TGA gives a gradual loss of
weight about 4.10 percent from 0o to 1300'C. DTA of OH-Cl-F-apatite
is smooth with a weak exothermic peak at 1150'C. TGA of OH-CI-F-
apatite is also smooth and gives gradual loss of weight of about 0.60
percent from 600"C to 1300'C. X-ray powder diffractions of the hy-
droxylellestadite heated at 1200oC for t hour showed several strong
anhydrite lines among weak unidentified peaks.

IoNrc SunsururroNs rN SULFATE AparrrBs
awn HyonoxYLELLESTADTTE

The general formula of ellestadite-wilkeite-apatite series can represent
A S ;

Car(Si, S, P)rOr:r(Cl, F, OH)
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Fto. 2. DTA and TGA curves of OH-CI-F apatite (1), wilkeite
(2) and hydroxylellestadite (3).

In this case, 56+ for P5+ substitutions are compensated by the substitu-
tions of Sia+ for P6+, and complete solid solubility has been suggested
(McConnell, 1937, 1938). Any Na+ for Ca2+ substitution, which is found
in silicate-free, sulfate-bearing apatite with the ideal formula NarCazSaOrz
(Cl, F, OH) (Vasil 'eva et a1,., 1958) has compensating 56+ for P5+ sub-
stitution. Such substitution has not been recognized in silicate-bearing
ellestadite, wilkeite, and F-Cl-apatite solid-solution series. Thus, the
name wilkeite (Eakle and Rogers, 1914) should have limited use in the
intermediate minerals between ellestadite and apatite as a varietal
name. The Chichibu hydroxylellestadite can be ideally written as
Caro((SiO+)a(SOrt(OH, Cl, F), with OH)CI, F. This is the OH an-
alogue of ellestadite in which CI>OH, F. Accordingly, we propose the
new mineral name hydroxylellestadite for the Chichibu OH-ellestadite.
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HYDROXYLELLESTADITE l . l l /

This name was approved by the Commission on New Minerals and
Mineral Names, IMA, before publication. The type material is preserved
at National Science Museum, Ueno, Tokyo, Japan 110.
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Note add,ed, in proof. After submitting our paper, the following paper
appeared: Cooray, P. G. (1969) A carbonate-bearing flour-chlor-hy-
droxyapatite from Matale, Ceylon. Amer. Mineral. 55,2038-2041. This
apatite is similar to the OH-CI-F apatite from Uzunosawa described in
the present report.


