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Abstract. Kimuraite-(Y) occurs in white veins of dark charcoal gray siliceous mudstone rich in
Y (ca.1000-3000 ppm) in Abramovskoye, Mikhailovsky district, Primorye, Far East Russia. The
mineral is associated with lanthanite-(Nd) and lokkaite-(Y). The white aggregate of minute crys-
tals has a pearly to silky luster. An electron microprobe analysis (SEM-EDS) gave the following
empirical formula:  Ca, 4, 73Ce o, Nd, 5, Gdy 0Dy 04H0g 03E1 06Ty 1 YDy 04Lt1g 6,(CO3),  6H, 0.
The chondrite normalized lanthanoid pattern indicates the trend of Y-minerals, where it is rich in
heavy rare earth elements. The orthorhombic unit cell parameters refined from powder XRD pat-
tern are; a = 9.246(3), b = 23.974(8), ¢ = 6.058(3) A, and V' = 1342.8(8) A>. The 5 strongest
lines in the powder XRD pattern [d(A) (I/1,) hkl] are: 11.99 (96) 020; 5.99 (86) 040; 4.62 (100)

200; 3.76 (83) 051; and 2.08 (50) 431.
Key words: kimuraite-(Y), rare earth, Russia

Introduction

Kimuraite-(Y), 1ideally CaY,(CO;), 6H,0,
was described in fissures in an alkali olivine
basalt in Higashi-Matsuura district, Saga Prefec-
ture, Japan, in association with lokkaite-(Y) and
lanthanite-(Nd) (Nagashima et al., 1986). Later,
the mineral was discovered in several other
localities with different geological backgrounds.
It was recognized as a secondary mineral on
gadolinite-(Y) from a pegmatite in Ytterby, Swe-
den (Miyawaki, et al., 1993). Kimuraite-(Y)
examined in the present mineralogical study was
found in the Abramovskoye ore in the hydrother-
mal rare earth element (REE) mineralization in
Cambrian carbonaceous shales, located at the
periphery of the Voznesenskii ore region
(Khankayskii massif, Primorskiy Kray), near the
Pavlovsk brown coal deposit (Seredin, 1998).
Kimuraite-(Y) occurs in white veins of dark
charcoal gray siliceous mudstone, which was

described as argillaceous rock of carbonaceous
shale by Seredin (1998), in association with lan-
thanite-(Nd) and lokkaite-(Y) as reported in the
previous study. The white aggregate of minute
(less than few ten um) flaky thin (less than
10um) crystals shows a pearly to silky luster

(Fig. 1).

Fig. 1.
of minute flaky thin crystals of kimuraite-(Y).
The field of view is 5.7 mm.

A photomicrograph of the white aggregates
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Chemistry

Chemical analyses of kimuraite-(Y) and the
associated minerals were carried out with a JEOL
JSM-6610/0XFORD X-Max SEM/EDS spec-
trometer using a lower beam current (15kV, 0.6
nA, a beam diameter of 2um, and an approxi-
mate scan area of 4um?) to avoid decomposing
the hydrous carbonate minerals that can be dam-
aged by the electron beam. The chemical compo-
sition of kimuraite-(Y), lanthanite-(Nd), and
some associated calcium yttrium carbonate min-
erals are listed in Tables 1, 2, and 3, respectively.
The empirical formulae for kimuraite-(Y) on the

basis of 3 cations, 4 carbonate ions, and 6 water
molecules pfu are:
Cay )Y 75Ceg 0 Nd 0;Gdg 01Dy 04HOg 03B o6
Tmy 4, Yby g4Lug 4,(CO3), - 6H,0 (1
Cay Y 75Pr 01 Ndg o;Smg o, Gdy 43Dy 04HOg 5
Ery 0sTmyg o, Yby o311y ,(CO;), - 6H,0 (2)
Cay 49 goLag goNdg o;Smy 4, Gdy 4Dy 04HO
Er;.04 YDy 3Lug 4o(CO;), - 6H,0 3)
Ca oY goLag 1 Ndg g Smy 4,Gdy 1,Dy, 03HOg
Erg 04 Tmg 4, Ybg g3Lug 4o(CO5), - 6H,0 4)
Cay o5 5oLag 0,Nd g Gdg 43Ty o Dyg 04HO, o

Er 04 YDy 0311 ,(CO3), - 6H,0 Q)
Ca, Y, g1Lag g Ndj 0,Gdg 4,Dyg05HOg 01 Erg o4
YDy 04 (CO;), - 6H,0 (6)

Table 1. Chemical composition of kimuraite-(Y).

Concentrations (wt.%)

Constituent

1 2 3 4 5 6
CaO 9.41 9.33 8.99 8.45 8.17 7.63
Y,0, 33.69 33.79 33.20 30.90 30.31 27.43
La,0, 0.28 0.01 0.43 0.35 0.49 0.24
Ce,0,4 0.00 0.00 0.01 0.01 0.10 0.00
Pr,04 0.00 0.14 0.01 0.00 0.09 0.00
Nd,O, 0.28 0.35 0.24 0.24 0.28 0.40
Sm,0, 0.04 0.15 0.21 0.24 0.06 0.04
Gd,0, 0.35 0.76 0.59 0.45 0.70 0.59
Tb,0, 0.00 0.06 0.00 0.00 0.21 0.07
Dy,O, 1.15 1.13 1.12 0.73 1.10 1.30
Ho,0, 0.48 0.44 0.44 0.34 0.21 0.07
Er,O, 1.85 1.71 1.15 1.27 1.13 1.12
Tm,O, 0.36 0.27 0.00 0.15 0.00 0.00
Yb,0, 1.32 0.99 0.99 0.92 0.99 1.00
Lu,04 0.27 0.25 0.50 0.46 0.20 0.00
CO, 29.44 29.38 28.55 26.59 26.11 23.78
H,0 18.08 18.04 17.53 16.33 16.03 14.60
total 97.00 96.79 93.95 87.43 86.19 78.27

Atomic ratios on the basis of 3 cations, 4 carbonate ions and 6 water molecules pfi

Ca 1.00 1.00 0.99 1.00 0.98 1.01
Y 1.78 1.78 1.80 1.80 1.82 1.81
La 0.01 0.00 0.02 0.01 0.02 0.01
Ce 0.00 0.00 0.00 0.00 0.00 0.00
Pr 0.00 0.01 0.00 0.00 0.00 0.00
Nd 0.01 0.01 0.01 0.01 0.01 0.02
Sm 0.00 0.01 0.01 0.01 0.00 0.00
Gd 0.01 0.03 0.02 0.02 0.03 0.02
Tb 0.00 0.00 0.00 0.00 0.01 0.00
Dy 0.04 0.04 0.04 0.03 0.04 0.05
Ho 0.03 0.02 0.02 0.02 0.01 0.00
Er 0.06 0.05 0.04 0.04 0.04 0.04
Tm 0.01 0.01 0.00 0.01 0.00 0.00
Yb 0.04 0.03 0.03 0.03 0.03 0.04
Lu 0.01 0.01 0.02 0.02 0.01 0.00
C 4 4 4 4 4 4
H 12 12 12 12 12 12
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The hydrous carbonates of REE are often decom-
posed into other phases via in vacuo dehydration.
Lanthanite-(Nd), Nd,(CO,);-8H,0, easily loses
half of the crystallization water in vacuo to
become Nd,(CO,),-4H,0, which corresponds to
the Nd-analogue of calkinsite-(Ce). The chemical
data of the present analysis suggested such a
dehydration nature of lanthanite-(Nd) in vacuo.
The empirical formula of lanthanite-(Nd) was
calculated excluding the Si as an impurity and
assuming full hydration of the crystal structure
normalized to 2 rare earth (RE) cations, 3 car-

Table 2. Chemical composition of lanthanite-(Nd).

Concentrations (wt.%)

Constituent
1 2

Sio, 0.80 0.00
Y,0, 2.39 2.33
La,0, 20.44 18.07
Ce203 0.15 0.00
Pr,0, 5.52 5.11
Nd,0, 23.17 22.48
Sm, 0, 8.26 8.13
Gd,0, 3.54 3.56
Tb,0, 0.00 0.30
Dy,0, 1.45 1.67
Ho,0, 0.00 0.00
Er,0, 0.00 0.39
Tm,O, 0.00 0.00
Yb,0, 0.00 0.15
Lu,0O4 0.00 0.00
Cco, 25.97 24.81
H,0 14.18 13.54
total 105.87 100.54

Atomic ratios on the basis of 2 RE

cations, 3 carbonate ions and 4

water molecules pfu
Si 0.07 0.00
Y 0.11 0.11
La 0.64 0.59
Ce 0.00 0.00
Pr 0.17 0.16
Nd 0.70 0.71
Sm 0.24 0.25
Gd 0.10 0.10
Tb 0.00 0.01
Dy 0.04 0.05
Ho 0.00 0.00
Er 0.00 0.01
Tm 0.00 0.00
Yb 0.00 0.00
Lu 0.00 0.00
C 3 3
H 8 8

bonate ions, and 4 water molecules pfu:
Yo.11Lag 64Pro17Ndg 70Smy 5,Gdg 14Dy 04(CO3)5

*4H,0 (1)
Yo 1LagsoPry ¢Ndy 7 Sm,,5Gdg Ty,
Dy 05 YDy 1(CO;);-4H,0 2

The chondrite normalized lanthanoid patterns are
given in Fig. 2.

Two samples of the host rock were analyzed
for their major and selected trace element com-
positions by X-ray fluorescence (XRF) and for
their trace element compositions by acid-
digested solution Inductively Coupled Plasma—
Mass Spectrometry (ICP-MS). The rock samples
were crushed into ~1cm diameter grains, then,
the grains were washed ultrasonically, twice in
alcohol and twice in distilled water. The cleaned
grains were dried for >12 hours in an oven at
110°C and then ground to powder in an agate
mill. Before the major element analysis, ~0.4g
of the powder were weighed on a Metler Toledo
dual balance system and heated at 1025°C for 4
hours in an electric muffle furnace to determine
loss-on-ignition (LOI). After LOI determination,
fused glass beads were prepared using a lithium
tetra borate flux (10:1 dilution of sample). For
the selected trace element analysis, ~4.0g of
powder were pressed into a pellet by a 12 ton
force from a hydraulic press. The XRF analyses
followed the method of Sano er al. (2011),
except that a RIGAKU ZSX Primus II was used.

ICP-MS trace element concentrations were
determined using a quadrupole Agilent 7700x
following the procedures described by Chang et
al. (2003), except that analyses of Li, Be, V, Zn,
and Ga were also performed. Sample preparation
involved digestion using an acid mixture com-
prised of HF-HCIO,—HNO,, and the final disso-
lution was performed in 2% HNO; plus 0.1% HF
spiked with '"*In and 2*Bi. These elements were
added to standardize the signal for the ICP-MS
measurements. The chemical compositions of the
host rock samples are summarized in Table 4,
together with the estimated values from the sub-
sequent DTA-TG data.

The differential thermal-thermogravimetric
(DTA-TG) curves were recorded on a RIGAKU
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Table 3. Chemical compositions of associated calcium yttrium carbonate minerals.
Concentrations (wt.%)
Constituent
2 3 4 5 6 7 8 9 10 11 12
CaO 517 484 447 512 528 524 509 580 615 677 684 698
Y,0, 2748 2544 2338 2621 26.65 2555 2471 2642 2658 2693 2601 27.05
La,0, 036  0.21 033 024 032 033 032 020 031 028 015 022
Ce,0, 0.15  0.01 0.08 015 0.00 0.05 0.11 0.00 000 0.00 0.11 0.00
Pr,0, 0.15 030 0.00 043 020 034 018 028 023 013 026 0.13
Nd,O, 242 246 228 255 282 281 261 261 246 232 246 233
Sm, 0, 249 294 252 3.0l 286 263 293 228 236 275 265 244
Gd,0, 6.04 625 560 633 580 633 549 542 523 586 598 593
Tb,04 080 050 044 052 014 087 030 057 047 054 055 0.5
Dy,0, 6.55 577 531 650 610 6.60 585 592 536 6.17 582 @ 6.11
Ho,0, 1.00  0.68 1.00 053 096 0.56 1.5 090 0.62 057 087 0.84
Er,04 216 246 246 232 258 214 286 244 236 219 258 235
Tm,0, 022 0.03 0.16 0.11 0.06  0.05 0.01 030  0.00 0.00 020 0.00
Yb,0, 1.45 1.07  0.71 1.47 1.02 1.15 0.89 085 086 0.64 0381 0.67
Cco, 2898 27.08 25.00 2825 2826 27.86 2690 28.11 27.88 2899 2893 29.34
H,0 11.94 11.15 1029 11.58 1147 11.28 10.87 11.00 10.61 10.75 10.66 10.78
total 9736 91.18 84.03 9532 9452 9379 90.17 93.10 91.48 94.89 94.88 95.75
Atomic ratios on the basis of 1 Ca cation pfit

Ca 1 1 1 1 1 1 1 1 1 1 1 1

Y 2.64  2.61 2,60 254 251 242 241 226 215 1.98 1.89 1.92
La 0.02  0.01 003 0.02 0.02 002 002 0.01 0.02  0.01 0.01 0.01
Ce 0.01 0.00  0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00
Pr 0.01 0.02 0.00 0.03 001 0.02  0.01 0.02  0.01 0.01 0.01 0.01
Nd 016 017 017 0.17 0.18 0.18 0.17 015 013 0.11 0.12  0.11
Sm 0.1s 020 018 019 017 016 019 013 012 013 0.12 0.11
Gd 036 040 039 038 034 037 033 029 026 027 027 026
Tb 005 0.03 0.03 003 0.01 005 0.02 0.03 002 002 0.02 0.03
Dy 038 036 036 038 035 038 035 031 026 027 026 0.26
Ho 0.10 0.07 0.11 005 0.09 0.05 010 008 0.05 0.04 006 0.06
Er 0.12 015 016 0.13 0.14 012 016 012 0.11 0.09 0.11 0.10
Tm 0.01 0.00  0.01 0.01 0.00 0.00 0.00 0.02 000 000 0.01 0.00
Yb 0.08 0.06 0.05 0.08 0.05 006 005 004 004 003 003 0.03
XREE 410 409 408 4.02 388 385 382 345 318 297 293 290
C 714 713 713  7.03 682 678 673 618 578 546 539 536
H 1438 1434 1434 1408 1352 1340 1329 11.80 1074 9.88 9.70  9.61

Thermo plus 2 / TG-8120 thermal analyzer by
heating 40 mg of each sample in a Pt cup from
room temperature to 1150°C at a rate of 10
degrees per minute (Fig. 3). The DTA curves
showed endothermic peaks at around 155, 490,
and 575°C. These endothermic reactions can be
attributed to the dehydration of clay minerals
such as kaolin-smectite in the rock sample. An
exothermic peak at around 675°C suggests com-
bustion of carbonaceous materials, such as coal,
peat, and bitumen including graphite, in the dark
gray sample. One of the host rock samples,
HR-A, gave an additional endothermic peak at
around 770°C, which corresponds to the decar-
bonation of calcite (Rodriguez-Navarro, et al.,

2009). The XRD reflections of calcite were con-
firmed with the powder XRD pattern of the host
rock sample HR-A, for which the XRF analysis
indicated considerable amounts of Ca (3.61 wt.%
CaO; see Table 4). The amounts of H,O, C, and
CO, estimated from the weight loss accompanied
with the 2 endothermic and 1 exothermic reac-
tions are; 4.90, 3.44, and 2.12 wt.%, and 2.64,
4.51, and 0 wt.% for HR-A and HR-B, the 2 host
rock samples, respectively. The individual values
of total weight loss are comparable to the values
of loss-on-ignition (LOI).
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Fig. 2. Chondrite normalized lanthanoids patterns of kimuraite-(Y), lanthanite-(Nd), the mixture of kimuraite-(Y)

and lanthanite-(Nd) and the host rock samples.

X-ray crystallography

The powder X-ray diffraction (XRD) patterns
of kimuraite-(Y) and associated minerals in the
white veins were obtained using a Gandolfi cam-
era, 114.6mm in diameter, employing Ni-filtered
Cu Ko radiation. The exposures were carried out
without vacuum deairing to avoid decomposition
owing to the nature of kimuraite-(Y), therefore
the dehydration occurred in vacuo. The data were
recorded on an imaging plate (IP), were pro-
cessed with a Fuji BAS-2500 bio-image analyzer
using a computer program written by Nakamuta
(1999), and were calibrated with an internal Si-
standard reference material (NBS #640b). The
unit cell parameters of the orthorhombic system
were refined using a computer program by
Toraya (1993); a = 9.246(3), b = 23.974(8),
c = 6.058(3) A, and V' = 1342.8(8) A’. The
XRD data of kimuraite-(Y) from Abramovskoye
are shown in Table 5, with the XRD data of a
mixture of kimuraite-(Y) and lokkaite-(Y) shown
for comparison.

The XRD data of the host rocks were obtained
with a conventional X-ray diffractometer

(RIGAKU RINT2100; graphite monochroma-
tized Cu Ka radiation, 20kV 40 mA) in addition
to the data from a Gandolfi camera. Quartz was
determined to be the main constituent, and feld-
spar and some phyllosilicates having basal planes
of 14.5 and 7.2 A, which were possibly kaolin-
smectite clays, were determined to be minor con-
stituents. The XRD pattern of HR-A showed
reflections of calcite as another minor constituent
in the sample.

Some mineralogical and petrological aspects
on the Russian kimuraite-(Y)

Kimuraite-(Y) from Mikhailovsky district,
Russia shows several differences from the min-
eral from Saga, Japan, where is the type locality.
The Russian specimen is colorless with smaller
amounts of Nd (ca. 0.01 apfu), in comparison to
the pale pinkish purple color of the type speci-
men with considerable amount of Nd (0.107
apfu). On the other hand, Y is more dominant
(ca. 1.8 apfu) in the Russian kimuraite-(Y) than
the type material (1.57 apfu). The dominance of
Y-group REEs in the Russian kimuraite-(Y) is
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Table 4. Chemical compositions of the host rock samples.
HR-A HRB 538 HR-A HRB ¥ yra  HrRB &
AOB* AOB* AOB*
Major constituent (wt.%) XRF Minor elements (ppm) XRF ~ Minor elements (ppm) ICP-MS
Sio, 69.00 76.72  48.69 Li 26 26 7
TiO, 0.79 0.87 1.75 Be 35 73 1
AlLO, 9.01 9.74  14.82 S 9 0 0
Fe,0, 2.86 1.61 11.31 Sc 20 20 21
MnO 0.01 0.01 0.17 Y 463 340 192 576 385 186
MgO 0.56 0.43 8.60 Cr 125 100 339
CaO 3.61 0.35 8.77 Co 19 46 40 4 3 39
Na,O 0.25 0.20 3.14 Ni 3402 2071 163 2367 1312 160
K,0 2.00 3.18 1.60 Cu 66 98 56 76 102 46
P,O; 0.02 0.02 0.45 Zn 15041 8350 72 11407 5575 75
LOI 10.73 6.13 0.15 Ga 23 22 17
Total 98.84 99.26 9945 As 25 25
Rb 65 107 39 70 104 33
Estimated concentrations (wt.%) TG Sr 69 86 468 67 79 466
C 4.90 2.64 Y 898 2976 55 906 2616 52
CO, 2.12 0.00 Zr 179 192 149 176 166 137
H,0 3.44 4.51 Nb 29 61 34 17 14 28
sub total 10.46 7.15 Cs 4 5 0
Ba 850 1224 519 856 1187 436
La 91 104 27
Ce 27 38 51 26 36 46
Pr 14 37 6
Nd 58 262 25
Sm 14 150 6
Eu 4 56 2
Gd 35 450 7
Tb 8 81 1
Dy 66 525 7
Ho 19 107 1
Er 74 262 4
Tm 15 29 1
Yb 119 167 3
Lu 19 23 0
Hf 5 6 3
Ta 1 1 1
Tl 1 1 0
Pb 61 59 2 58 51 3
Th 13 15 4 10 12 4
U 13 10 1

* Alkaline olivine basalt

Weight, mg
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400 600 800
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Fig. 3.
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DTA-TG curves of the host rock samples of kimuraite-(Y).

1000 1200
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Table 5. XRD data of kimuraite-(Y).
Voznesenskii, Russia Voiél.esensl_iu, l\{(ujsla Saga, Japan Saga, Japan
Kimuraite-(Y) 1‘3“&2;:_'(%{)) Kimuraite-(Y) lokkaite-(Y)
[/1(] dohs. dca]c. ]/[() dohs. h k ) 1 d h l I d
5 373
13 19.9 2 0 25 19.81
96 11.93 11.99 13 12.0 0 2 0 100 12.06
20 9.90 4 0 50 9.90
6 8.92
11 8.61 8.63 1 1 0 2 8.66
4 8.08
37 6.54 6 0 70 6.56
86 5.91 5.99 0 4 0 40  6.02
5.87 78 5.87 0 1 1 20 593 2 0 50 5.85
5 5.09 5.07 12 5.17 1 0 1 1 5.11 4 0 7 519
33 4.84 4.83 10 4.834 0 3 1 10 4.87
100 4.62 4.62 100 4.62 2 0 0 10 4.64 0 2 55 4.62
21 4.48 6 0 10 4.49
24 431 4.31 7 4.31 2 2 0 3 433
12 3.99 4.00 0 6 0 20  4.01
17 3.87 3.87 20 391 1 4 1 5 387 10 0 50  3.94
83 3.76 3.76 97 3.82 0 5 1 30 3.76 8 0 100 3.34
38 3.64 3.66 37 3.62 2 4 0 1 3.68 2 2 25  3.63
3.63 2 1 1 6 3.64
17 3.44 4 2 7 345
45 3.34 3.34 15 3.34 2 3 7  3.35
21% 3.14* 314 9* 3.15% 1 6 1 6 3.16
13 3.21 6 2 10 3.23
3.03 0 0 2
13 3.02 3.02 18 3.00 2 6 0 4 3.03
3.00 0 8 0 8 301 10 2 10 3.01
47 2.92 2.94 70 2.94 0 2 2 10 293 8 2 40 295
2.92 2 5 1
38 2.68 2.68 31 2.69 3 2 1 5 2.69
10 2.58 2.58 13 2.59 1 8 1 5 259
28 2.54 2.53 46 2.54 2 0 2 8 255 0 2 30 2.55
30 2.50 2.51 2 8 0 6 252
2.51 2 7 1
2.48 19 2.45 2 2 2 4 248 16 0 25 246
15 2.41 2.44 22 2.41 0 9 1 3 244 10 0 15 241
241 0 6 2 4 242
2.40 6 2.37 0 10 0 6 241
6 2.33 2.33 2 4 2 1 235
9 2.31 2.31 10 2.30 4 0 0 1 232
13 2.27 2.27 4 2 0 1 227
6 2.22 2.20 7 2.24 1 7 2 1 223
20 2.15 2.16 19 2.16 4 4 0 4 216 16 2 15 217
2.16 2 9 1
2.15 24 2.14 4 1 1 4 215
2.15 3 1 2
23 2.13 2.13 20 2.11 2 10 0 8 213
2.13 0 8 2
50 2.09 2.08 18 2.09 4 3 1 7 2.09
25 2.05 2.05 49 2.05 0 11 1 12 205 18 0 40  2.06
14 2.02 2.02 13 2.02 3 8 1 2 202
2.01 0 1 3 1 201
2.00 4 6 0
24 1.968 1.969 35 1.972 4 5 1 4 1972 18 2 10 1979
1.958 0 3 3 4 1.948
15* 1.935%  1.935 6* 1.938% 2 8 2 4 1.934
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continued

Voznesenskii, Russia
Kimuraite-(Y)/
lokkaite-(Y)

Voznesenskii, Russia
Kimuraite-(Y)

Saga, Japan
Kimuraite-(Y)

Saga, Japan
lokkaite-(Y)

0, dy  dy I, dy h k1 I d h k I I d
16 2 0 15 1.913
28 1.875 1.880 36 1.876 0 10 2 9 1.881 8 3 0 20 1.882
1.875 2 11 1 8 1.876
1.861 0 5 3 2 1.858
1.838 4 0 2 6 1.836
38 1.826 1.830 27 1.836 4 8 0 6 1.832
1.816 9 1.808 4 2 2 4 1.818
6 1.762 1.769 12 1.764 5 0 1 2 1.773
1.769 1 6 3 3 1.766
1.764 0 13 1
1.750 5 2 1 3 1.754
13 1.739 1.739 13 1.738 0 7 3 4 1.741
9 1.663 10 1.677
7* 1.647* 1.648 2 13 1 2 1.648
7 1.602
5 1.566 8 1.576
5 1.544 1.545 0 15 1 2 1.547
5 1.527 9 1.533
1.498 10 1.488 0 16 0 2 1.502
1.469 10 1.470 1 3 4 2 1.465
9 1.466 1.468 6 3 1 2 1.469
1.468 0 4 4
1.466 9 1.453 2 15 1
5 1.424 9 1.426
5 1.401
7 1.368 1.373 10 1.371 6 0 2 1 1.376
1.352 0 8 4 1 1.349

* Estimaterd from data without the internal Si-standard, because of overlap by the reflections of Si.

suggested by the upward trend with abundances
in heavy REEs, the typical trend for Y-dominant
REE minerals, on the chondrite-normalized lan-
thanoid patterns (Fig. 2). The trend is not so sig-
nificant for the type kimuraite-(Y) with abundant
middle REE, e.g., Gd and Tb. On the contrary,
lanthanite-(Nd) from Mikhailovsky district, Rus-
sia, shows a downward trend with abundances in
light REEs, as well as lanthanite-(Nd) from other
localities. All the patterns of the Russian speci-
mens show a negative anomaly at the position of
Ce (Fig. 2). This anomaly suggests some events
under oxidizing conditions that led to the oxida-
tion of Ce to separate the Ce*" from the crystal-
lizing system. The oxidizing conditions appear to
have occurred at the source locality as well as in
Higashi-Matsuura alkaline olivine basalt in Saga,
Japan.

The difference in the REE composition has

little effect on the unit cell parameters of
kimuraite-(Y): @ = 9.246(3), b = 23.974(8),
c = 6.0583) A, and V = 1342.8(8) A’
[Mikhailovsky], @ = 9.2545(8), b = 23.976(4),
c = 6.0433(7) A, and V = 1340.9(3) A® [Saga].
It is worth noting that some minute fragments
(<100um) on the Gandolfi camera gave the
XRD pattern of a mixture of kimuraite-(Y) and
lokkaite-(Y). The XRD pattern indicates that the
two REE carbonate minerals are closely associ-
ated with each other. An epitaxial overgrowth in
the systematical stacking sequence is suspected
in the fragments.

The host rock examined in the present study
should correspond to the argillizated brecciated
shale with adsorbed REEs and/or the stockwork
of REE — carbonates (Seredin, 1998). Seredin
(1998) suggested that the Abramovskoye ore
occurrence and the Higashi-Matsuura alkaline



Kimuraite-(Y) from Far East Russia 107

olivine basalt are characterized by a common
geological feature that is related to the basaltic
volcanism. The present chemical and crystallo-
graphic examinations on the host rock samples
revealed that they are siliceous mudstone consist-
ing of quartz as the main constituent mineral
with minor kaolin-smectite clay minerals and
K-feldspar with some carbonaceous materials
and trace accessary minerals. The Mg- and Fe-
poor host rock samples are not maffic, but are
rather felsic. They showed no signature of basal-
tic volcanism origin.

The extraordinarily high REE concentration of
the host rocks (Seredin, 1998) was confirmed by
the present chemical analyses of the mudstone.
The REE concentration is remarkably higher
than those of the alkaline olivine basalt from
Saga, Japan (Table 4). The alkaline olivine basalt
indicated no Ce-anomaly, but a decreasing trend
toward heavy REEs on the chondrite-normalized
REE pattern (Fig. 2). The negative and positive
Ce-anomalies in the rare earth carbonate miner-
als and weathered basalt, respectively, in Saga
Prefecture suggest that the carbonate minerals
are precipitation products after the separation of
Ce**, which was oxidized during the weathering
of the alkaline olivine basalt, from the source of
the rare earth carbonate minerals (Watanabe et
al., 2014). On the contrary, the host rock samples
(HR-A and -B) showed chondrite-normalized
REE patterns, which are comparable to those of
the host rare earth carbonate minerals, having the
Ce-anomaly and an increasing trend toward
heavy REEs. The geological backgrounds of
Mikhailovsky and Saga contrast with each other,
whereas kimuraite-(Y) shows some commonali-
ties in occurrence nature, e.g., the associated
minerals and the negative Ce-anomaly, between
the two localities across the Sea of Japan.
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