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Abukumnalite, a New Yttrium Mineral.
By Shin HATA.

(Received July 30, 1938)

As reported in the previous communications,” several species of
rare minerals have been found in the pegmatite dykes at Iisaka Vil-
lage, Fukushima Prefecture, towards the end of 1936. In the pres-
ent paper is described a newly discovered mineral named “abukuma-
lite” having the chemical composition of a phosphosilicate of yttrium
and calcium, and no mineral having such a chemical composition has
hitherto been found to occur anywhere other than in this district.

The mineral is, however, very scarce in the locality, being found
embedded in the dark reddish or greenish feldspar neighbouring to
biotite layers, and intimately associated with yttrialite, thorogummite,
tengerite, and also with allanite. It occurs usually in massive forms
of dark reddish brown colour, measuring about 1~2cem in diameter.
Rarely it exists in short prismatic crystals, probably of hexagonal
system, formed by the faces x and m. The largest specimen secured
as a good crystal measures about 3 cm in diameter. The outer part of
the mineral is always altered into earthy substance of yellowish white
or sometimes yellowish brown colour. Cléavage is seen imperfectly
parallel to the faces ¢ and m. Fracture uneven to splintery. It is
brittle having the hardness of 6-0. Specific gravity measured by a
pycnometer is 435 at 19°C. The lustre observed on splinters is usu-
ally resinous and sometimes dull. The streak is of faint brown, and
the colour of thin section is yellowish brown. When examined under
microscope, it is optically uniaxial, birefringence being very low. Re-
fractive indices determined by immersion method are w=1-750 ¢=1-752.
It is optically positive. The extinction is parallel to cleavage. The
magnetic property examined by using a powerful electromagnet is
weaker than allanite and greater than yttrialite and xenotime. In
fine powder it is readily dissolved in cold dilute mineral acids. When
measured by an a-ray electroscope it shows a weak radioactivity,

(1) S. Iimor1 and S. Hata: Se. Pap. 1. P.C.R., 34 (1938), 447, 504; S.
HATa: Ibid., 34 (1938), 445, 619; T. IiMORI: Ibid., 34 (1938), 832.
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being about one fifth of that shown by the Ceylon monazite contain-
ing 9269 ThO,. The X-ray examination of this mineral by Debye-
Scherrer method was carried out by Mr. H. Inuzuka, who verified
from the X-ray spectrograms that the specimen is not a mixture of
different species of minerals and that the mineral should be of hexa-
gonal system with the axial ratio a:¢ = 1:0'7 and the lattice dimen-
sion q, = 57 A.

TABLE I. Outline of analyt1ca1 scheme.

0-5¢g of ﬁne]y pulverlzed sample was digested with strong HC] evaporated to
dryness and leached out with dlluted HCI.

R;: Combmed with R., 1gn1ted and I‘, Repeabedly evaporated to dryness,
weighed. Treated with HF + H.SOy, treated with HCI
and SiO; determined from the loss - |
in weight. The residue fused with . Rzi Added tO R;. | F,: Saturated with
Na,S,0; and leached out with water, =~~~ ~ — — ' H:S to precipitate
added to F.. § msoluble sulphldes

‘R’; Igmted to ox1— Fs: Boiled and oxi-~
des of heavy metals. d17ed with Br water,

and prec1p1tated with NH,;0H, after the addltlon of T\IH4CI

R4. Dissolved in cone. HCI and neu- Fa: Freshly prepaxed (NH4) S was
tralized with NH,OH. An excess of | added
oxalic acid was added. -

F;: Ca and Mg
Rs. Igmted and dis- | F;: ‘Tar- | weighed as Mn;0,. | were determined by
solved in strong HNO;, | taric acid - usual methods.
evaporated, extracted | was added, T

with NH,NO; solution, | saturated with H,S after bemg made ammoniacal.
and H.O; was added.

Rb Ignited and}
(
1
|

R;: Ignited : Prec1p1-‘Rg, Dissolved Fgy: Acidified and boiled to expel H,S.
to ThO,. tated by lin a mixture! TiO; and ZrO. were tested by cup-
——— ' NH,0H. of HNO; and‘ ferron. Organic matter was decom-
- g 1 H.S0,, boiled: posed by HNO; + H.S0,, and ammo-
Ry:  Dissol- Fy: Discar-to destroy the| nium molybdate and NH,NO; were

ved in HNOs‘ ded. corganic mat-; added.

and treated --+ == " iter and pre- - - — e e
with saturated solution of |cipitated by! Ryat Dissolved in . F,: After the re-
K,S0,; to separate Ce NH4OH NH4OH and re- ! moval of Mo by
group from Y group. 'The precipi-, , brecipitated by the | H,S, Al and U were

'tate was ig-i | gﬁ%crg)]é;lgivaﬁ? determined in this

inited to j nited to ! solution.
Fe,0;. | Mg.P.0;.

In Table I the symbols, R and F denote resxdue and filtrate, respectively.

(2, S IIMORI Sc Pap. I. P C E., 10 (1929), 230.
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S. Hata:

A good specimen of the mineral was selected, pulverized and em-

ployed for the chemical analysis, a small quantity of any inclusions
and altered portions -being removed by means of an electromagnet.
The method is outlined in Table I and some constituents such as F,
CO,, and H,0 were determined by other proper methods using sepa-
rate samples.

The quantitative analyses were three times repeatedly carried out,
twice on dark brown crystals with resinous lustre and once on the
portions of dull lustre, as the preliminary analysis proved that the
mineral had a singular chemical composition. No conspicuous differ-
ence was found among these three analyses, in Table II is, therefore,
given the result obtained on an apparently fresh specimen of the
mineral.

TABLE II. The analysis of abukumalite.

Molecular

Constituents czfé ratio \ . Constituents l C]Zgi ! Mol!zg;:)lar
: | |
BeO 0-00 0-00 1 B0, 000 000"
MgO 022 | o5 (| SiO 20-84 ‘ 3473
Ca0 | 1353 | 2416 | TiOy, ZrO; 0:00 | 0-00 93884
MnO 113 1-59 | Ta:0s, Nb;O; 000 . 0-00
Fe,0,4 210 1-31 | P,0; 5-84 . 411
ALO; o105 103 | H,0 (-) 016 | —
Cerium earths ‘ 6-45 ‘}19-28* 91-96 | H,0 (+) 057 @ ——
Yttrium earths | 45-98 | | COq 0-08 e
ThO; | 090 | 034 | F 045 | —
vo, 0-00 | 0-00 ~ Total 99:30 |

* The mean molecular weight of this fraction was determined to be 272.

The analysis of the mineral shows that its main constituents
consist of calcium oxide, rare earths, phosphorus pentoxide, and silica.
The mean atomic weight of the rare-earth elements separa‘bed was
calculated to be 112 from the weight of oxide and anhydrous sul-
phate of the fraction. This value, which almost coincides with that
of yttrialite® coexisting with this mineral, indicates that the most
part of the rare earths of this mineral is yttrium and the rest is con-
sidered to consist of gadolinium, dysprosium, erbium, ete., as infera-

(3) The mean atomic weight of rare-earth elements of yttrialite from lisaka
was determined to be 110. Cf., S. Hara: Sec. Pap. I. P.C. R., 34 (1938), 455,

/
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ble from the case of yttrialite.

Regarding H,0, CO,, and F as non-essential, we obtain the em-
pirical formula for this mineral to be RY, R} Si,; Ps O, which,
by representing P in its equivalent quantity of Si, becomes RI; R
(Si, P)y O 0Or Rifsy RES: (Si, P)asys Ounys. Hence, the chemical
formula of the mineral should be R" R}" (Si, P),0;, where R = Ca,
R =Y, Gd, Dy, Er, etc., and the atomic ratio Si: P is nearly 4:1.

The oxygen ratio of all the bases to acid radicals is exactly 1:1,
which indicates that the mineral is of the orthosilicate type. The
mineral, therefore, is a calcium-yttrium orthosilicate, a part of sili-
cium being replaced by phosphorus. Thus, this is rather a particular
mineral, as there have been reported up to the present, only a few
species of phosphosilicate minerals as well as calcium yttrium sili-
cate minerals.

We quote here, in Table III, eleven minerals resembling in some
respects to the mineral in question, the minerals being cited from
sixty seven minerals of rare-earths silicate shown in Dana’s Teatbook
of Mineralogy (1932) and seven new minerals reported in Mineralogical
Abstracts up to 1938. In the table, the minerals containing phosphor-
us are included in the first group, those containing calcium in the
second, and yttriumsilicate minerals in the third, abukumalite being
shown as a mineral of the fourth group. The contents of each con-
stituents are represented in per cent, and the oxygen ratio is thoroughly
calculated taking the oxygen number of acid radicals as 6-0.

Among the minerals belonging to the group I shown in Table III,
britholite resembles closely to the mineral in question in the oxygen
ratio as well as in the chemical constitution, excepting the clear dif-
ference of the composition of rare earths contained. The physical
characters of the both minerals also coincide almost with each other,
for instance, especially in the colour, density, and the crystal system,
the britholite from Greenland® being hexagonal with the axial ratio
1:000: 04724 7. The marked difference between both minerals lies in
the composition of rare earths, viz., cerium earths are predominating
in britholite, while yttrium earths are so in the mineral from Iisaka.

Erikite, whose constitution is not as yet definitely known, is a
cerium mineral containing much alumina and alkalis. Nagatelite and
yvamagutilite are varieties of allanite and zircon respectively. These

(4) O. B. BogeiLp: Z. Kryst., 50 (1912), 435.
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TABLE III.
1‘ 1 Content (per cent) of , Oxygen
G i Mi ) \ a| @ .l ; Other constituents ratios of
roup nerals ‘ 2 {5,:5 5/ Q| S| contained cver 3% base to
1O’O§i>*§ »n acid
J v I qf e o . . _ o ) e
| Britholite™ 11 61| 0 17 6 ‘ 6 6
I Erikite® 2|41| 01518 H,0, Na,0, ALLO;, ThO. | 9: 6
' Nagatelite( 1022] 525 6 FeO, ALO; L6516
| Yamagutilite® 1 16 21 4 H0, ZrO,; ThO, | 616
 Cenosite® (16| 038]35| | H:O, CO, 3: 6
 Lessingite™ 19 |59 | 3|20 1 8: 6
I Beckelite(!D (15160 3|17 Zr0, 9: 6
» k o :
Hellandite(!? | 10 40 2 H;0, MnO, Fe,0;, Al,O; 8:
{ i
Bodenitel® i 6|28 17| 26 | H,0, Fe;0;, AlO; 52
Yttrialite(s 1] 6 45(30] | Fe0, ThO,, UO, 45: 6
111 . 1
Thalenite(!® 0 5 6229 j 4-5: 6
IV | Abukumalite |14 | 6 ] 46 | 7 ’ 6. | 616

three minerals are, therefore, quite different from abukumalite. The
comparison with minerals of the group II shows that abukumalite
can not be derived from either of these five minerals, as they all
differ in oxygen ratio. Further, they contain generally certain bases
which are wanting in abukumalite. Lastly, yttrialite and thalenite in
the group IIT are diorthosilicate minerals and belong to entirely dif-
ferent species of minerals.

Thus, it is obviously concluded that the present mineral from
Tisaka can not be comprised in any species ever known, and should
be considered to belong to a new species of the britholite group, but

(5) CHR. WINTHER: Z. Kryst., 34 (1901), 686.

(6) O. B. BogeiLp: Z. Kryst., 41 (1906), 426.

(7) S.Imvorl, J. YOSHIMURA, and S. HaTA: Se. Pap. I.P.C.R., 15(1931), 83.
(8) K. KiMURA and Y. HIRONAKA: J. Chem. Soc. Japan, 57 (1936), 1195,
(9) R. Mavuzerius and HJ. SJOGREN: Z. Kryst., 45 (1908), 109.

(10) V. SILBERMINZ: Min. Abst., 4 (1929~1931), 150.

(11> C. DoEeLTER: “‘Handbuch der Mineralchem.,” 11 2 (1917), 1892.

(12) W. C. BROGGER: Z. Kryst., 42 (1906), 417.

(13) E. 8. DaANA: “System of Min.,” (1914), 5%.

(14) S. Harta: Sec. Pap. I.P.C.R., 34 (1938), 455.

(15) C. B. BENEDICKS: Z. Kryst., 32 (1900), 614.
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being quite different from britholite itself in containing a preponder-
ant amount of yttrium. Dr. S. Iimori suggested to name this mine-
ral “abukumalite” after the Abukuma Range where the mineral was
first discovered.

In conclusion I wish to express my heartfelt thanks to Dr. S.
Iimori for his kind advices and to Messrs. N. Katayama and H. Inu-
zuka for their kindness shown in investigating this mineral by X-ray
examination. Thanks are also due to Messrs. T. Iimori and -O. Na-
gashima for their aids-in collecting the mineral.
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