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Abstract: Wadalite, rustumite, and spurrite-rare calc-silicates-occur in skarns formed by Terti-
ary diorite intrusion into Upper Jurrassic to Lower Cretaceous limestone at La Negra mine,
Queretaro, Mexico. Wadalite and rustumite occur zonally in the rock mainly composed of spurrite.
They are associated with hydrogrossular, andradite, calcite, and magnetite in main and occur as fine
grains less than 200 gm in size. Spurrite occurs as an aggregate of comparatively large irregular
crystals up to 3 mm.

Wadalite is colorless and optically isotropic with the refractive index, »=1.708. Optical properties
of wadalite is so similar to hydrogrossular that it is difficult to tell the former from the latter. Deai .=
3.066 g/cm. The electron microprobe analyses of wadalite yield an empirical chemical formula,
Cas.g9(Als 35Si2.70Mg0.63 €% 0.25) 56.93016Cla.0s, Or ideally
Cas(AlLSi,Mg,Fe®*),0,6,Cl; on the basis of O=16. The crystal is cubic with the space group 434, the
cell dimension ¢=12.014(1)A and V'=1734(1)A®, and Z=4. Wadalite in this study is richer in Mg
and lower in (Al+Fe*t+Mg)/Si ratio than that of the original description.

Rustumite is translucent to white. It is optically biaxial negative with « = 1.641, g = 1.646,
y=1.651, and y—a =0.010. Dyeas=2.85 and De..;c=3.017 g/cm?. The microprobe analyses of rus-
tumite yield an empirical formula, Cage7Si5.00015(Cly.s6{OH)s44)50.00 * 0.26H,0, or ideally Ca;,SisO1s
(C1,0H), on the basis of 0=18 and Cl+OH=4. The space group is C2/¢ and the cell dimensions are
a="7.625(1), b=18.576(2), c=15.519(1)A, #=103.75(1), and V =2135(1)A3. Z=4.

Spurrite js bluish gray. It is optically biaxial negative with « =1.641, 8=1.670, ¥y =1.678, and
y—a=0.037. Dpeas=2.94, D.o;c=2.882 g/cm®. The wet chemical analysis of spurrite yields an
empirical formula
Cay07(SiyesAlo.0s)52.00(Co.57Bo.16)51.0s011, or ideally Cas(Si0,),(C,B)O; on the basis of O=11. The space
group is P2,/a and cell dimensions are a=10.472(2), 5=6.724(1), c=14.174(6)A, #=101.31(3)", and
V' =978.7(3) A3. This spurrite contains a small amount of boron which replaces the carbon in the

CO; equilateral triangles in the structure.

1. Introduction

A hand specimen of a spurrite rock was taken from
skarns at La Negra mine, Queretaro, Mexico by one
of the authors, Takeda, during his studies on metal
mines in Mexico. We found wadalite and rustumite
-rare calc-silicates-in the hand specimen of the spur-
rite.

Wadalite, a calcium chloride alumino-silicate, was
discovered in a skarn xenolith of Tertiary volcanics
at Koriyama, Fukushima Prefecture, Japan (Bunno ef
al., 1983) . The crystal structure was determined by
Tsukimura et al. (1993) using a single crystal of the

* Mineral and Fuel Resources Department, GSJ

** Formerly with Mineral Resources Department, GSJ;
183-1 Hanayamate, Otsubo-machi, Miyazaki, 880
Japan

composition of (CasssMgozs) (AlizsFeqss) SizgoOises
Clyes or ideally
CagAl;Si,0,6Cl;. The results show the space group
143d, the cell dimension ¢=12.001(2) A, and forming a
framework of (Al,Si)0, tetrahedra in the structure.
Rustumite was firstly found at Kilchoan, Scotland
(Agrell, 1965) , and secondly in Afghanistan (JCPDS
card 29-314, 1979) . Agrell described the chemical
composition of rustumite as Ca,Si,0,(0OH),. However,
Howie and Ilyukhin (1977) determined the crystal
structure and gave another ideal formula Ca;(Si;O,),
Si0,Cl,(OH), that contains Cl to some extent replac-
ing OH. The symmetry of the crystal is monoclinic
C2/¢ and its cell dimensions are ¢="7.62, 5=18.55, c=
15514, and #=104.33". ‘

Keywords: wadalite, rustumite, spurrite, calc-silicate,
skarn, Mexico
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Spurrite, Cas(Si0,),CO;, is known at several local-
ities such as the Kilchoan (Agrell, 1965); the Christmas
Mountains, Texas (Joesten, 1974); Kushiro, Hiroshima
Prefecture, Japan (Kusachi et al., 1971); and Fuka,
Okayama Prefecture Japan (Kusachi, 1975). Accord-
ing to Smith et al. (1960), the space group is P2,/a, the
cell dimensions are ¢=10.49, 6=6.705, c=14.16 A, and
B=101.3°, and the structure consists of isolated SiO,
tetrahedra and CO; equilateral triangles linked
together by Ca atoms.

Mineralogical properties of these minerals are de-
scribed in this paper and the discussion is focused
especially into wadalite.

2. Occurrence

La Negra mine'is located at about 2,000 m above the
sea level, northeast of Queretaro in central Mexico,
about 200 km north of Mexico City, approximately at
latitude 20°50°N, longitude 99°30’'W (Fig. 1). The mine
works for silver, zinc, lead and copper. Upper Jurassic
to Lower Cretaceous limestones occur in this area.
They were thermally metamorphosed by intrusion of
Tertiary diorite forming the skarn of 10 to 300 m wide
and more than 1 km long. The ore deposit occurs
along the boundary between the skarn and the lime-
stone. Ore minerals are sphalerite, galena, chalcopyr-
ite, arsenopyrite, pyrrhotite, pyrite, hessite, and native
silver. The skarn is composed mainly of Ca-garnet,
diopside, wollastonite, and spurrite.

The hand specimen in this study is composed mainly
of spurrite. It contains two contact bands
of rustumite and wadalite / rustumite of each
0.5 - lcm wide. The former is the aggregate of
mainly rustumite and the latter is associated with

hydrogrossular, andradite, calcite, magnetite, perovs- ‘

kite, and other minerals in small amounts.

3. Wadalite

3.1 Physical and optical properties

Wadalite occurs as granular crystals less than 200
pm in size. The calculated density for the average
chemistry from the cell volume described below is
3.066 g/cm®. It is colorless and isotropic in thin sec-
tion. The refractive index is #=1.708 with white light.

Wadalite is closely associated with hydrogrossular.
It is usually difficult to distinguish from each other
because they are similar in optical properties. How-
ever, the boundary between them is observable in the
thin section under plane light as shown in a photomi-
crograph in Fig. 2(a). A back-scattered electron (BSE)
image in Fig. 2(b) shows that wadalite is clearly
brighter than hydrogrossular, because wadalite con-
tains comparatively heavier atoms of Cl and Fe than
those of hydrogrossular as described later. Most
grains of wadalite are rimmed by hydrogrossular as

300'km
[ —

Fig. 1 Location of La Negra mine.

shown in these figures. This may indicate that the
wadalite was replaced secondarily by hydrogrossular.
In the BSE images, brightness is slightly changed in a
crystal of wadalite due to the chemical heterogeneity.

3.2 Chemical analyses

Wadalite was analyzed with a JEOL electron micro-
probe JXA-733 by the wavelength dispersion mode
(WDX). Thirteen microprobe analyses were divided
into two groups on reflective intensities of electron.
One group corresponds to the brighter parts of BSE
images and the other to the darker parts. The results
of the analyses are listed in Tables 1 and 2, respective-
ly. The corresponding empirical formula are given on
the basis of O=16. The average empirical formula for
the brighter parts is
Cag.01(Als 3251565 Mgo.61F€**(.34)5.92016Cl2.00
and for the darker parts
Cas.o6(Als.20S12.76 Mgo.66F €% 0.14) 56.95016Cl.g6.
Both formulas give the average of
Cas.eg(Als.asSiz.mMgo.asFea+o.zs)Ee.93OieCIz.%‘
Comparing Tables 1 and 2, it is notable that the
brighter parts are more enriched in iron than the
darker parts.

3.3 X-ray studies

A prismatic single crystal of 0.070 X 0.075 X
0.180 mm was selected for single crystal X-ray
studies. A Rigaku AFC-5 four circle diffractometer
and an oscillation camera equipped with it were used
for determination of the symmetry and cell dimen-
sions of the crystal. Oscillation photographs around
three crystallographic axes and conventional intensity
measurements showed that the space group is 743d
that is the same as reported by Tsukimura et al.
(1993). Cell dimensions were determined using 14
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100 um

Fig. 2 (8 Photomicrograph of the thin section of wadalite and other constituent minerals under the open nicols.
(b) Back-scattered electron image of the wadalite corresponding top image. Abbreviations for minerals: w:
wadalite, hg: hydrogrossular, r: rustumite, a: andradite.
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Table 1 Chemical analyses of the marginal parts of Table 3 X-ray diffraction data for wadalite from La
wadalite crystals from La Negra. (position: the Negra.
brighter area in back-scattered electron image in : .
Fig. 1) d cale / hkl d cale / hkl
; S 3 y 5 Z vy 4903A 16 211 13608 2 752
(wi. %) R
5i02 1983 1970 19.56 2072 1966 1979 1979 1987 4.246 2 220 1.343 S 840
TiO 019 014 015 019 016 014 016 0.6 ’
AOs 2105 2098 2177 1950 2149 2112 2152 2108 3.210 12 321 1.310 10 842
Fes0 349 346 303 353 35 339 309 336
MnG. 000 002 001 003 003 006 005 003 3.003 42 400 1.280 4 664
MgO 297 3.12 284 3.62 291 3.11 2.88 3.06
CaO 4225 4259 4210 4175 4189 4174 4195 4204 2686 ]OO 420 1 266 3 930+
No20 004 003 006 006 003 001 007 004
K20 000 000 000 000 000 000 000 000 2.561 6 332 1.213 4 941+
Cl 13.35 13.47 13.51 12.12 12.41 12.34 12.50 12.81
—[O)}=Cls) -301 -304 -305 273 280 279 282 289 2.452 39 422 1.178 2 10,20
Total 10026 10047 10000 9879 9932 9891 99.20  99.56 2355 18 510+ 1.167 2 943+
Atomic proportions on the basis of O=16. 2.193 17 521 1.145 2 765+
1 2 3 4 5 5 7 M
Ca 6.05 6.11 605 596 597 597 599 :&n 2.060 4 530 1115 ? 864+
Na 0.01 0.01 0.01 0.01 0.01 0.00 0.02 0.01 p
= 606 612 606 597 598 597 601 602 1.948 7 532+ 1.096 4 10,42
Al 333 331 344 306 337 332 338 332
Si 265 264 263 276 262 264 264 265 1771 2 631 1.087 3 954+
Mg 059 062 057 072 058 042 057 0.6 1.733 12 A44 1.070 3 11,21+
Fes+ 035 035 031 035 035 034 031 034
Ti 001 001 0.01 002 002 001 0.01 0.02 1.6498 "5 710+ 1.062 4 880
by 693 693 696 691 694 693 692 694
cl 302 306 307 274 279 279 282 290 1.665 25 640 1.053 2 970
1.634 5 552 1.038 2 12,20
1.525 3 651+ 9741 3 10, 64+
Table 2 Chemical analyses of the inner parts of wadalite 1.501 7 800 9322 2 11, 63+
crystals from La Negra. (position: the darker
area in back-scattered electron image in Fig. 1) 1.478 6 741 9053 3 12,44
1.396 5 743+ 8952 5 10, 84+
8 9 10 1 12 13 Mean
{wt. %)
SiO2 1823 1902 2387 2129 2138 21.16 20.83
TiO2 004 003 005 - 010 011 021 009
Al2O3 2510 2450 17.44 19.85 21.80 2147  21.69
Fe203 177 18 120 237 058 064  1.40
MnO 001 000 004 008 009 005 004 ; .
MgO 196 225 491 382 343 352 332 4. Rustumite
Ca0 4145 4289 4197 4177 4138 4191  41.89 . . .
NazO 004 002 027 001 033 019 0.6 4.1 Physical and optical properties
K20 0.0(2) (21.20 ]g,oo 0.00 g.oo 000 0.0 Rustumite occurs as aggregates of fine tabular
cl 1402 1264 18 1308 1297 1297 1314 - - -
—(O)(=Cl) =316 —285 —297 —295 —293 —293 —297 crystals less than 200 gm in size. The density
Total 99.46 10035 99.96 99.52 9914 99.19  99.59 measured by suspension in CCl, is 2.85 g/cm?® and
D.0;c=3.017 g/cm® It is colorless with optically
Atomic proportions on the basis of O=16. . biaxial and negative in thin sections. The re-
- (ﬁ)o 6902 ;%3 ;;7 5126 ;395 M;:: fractive indices are « = 1.641, 8 = 1.646, and y =
a X A k R K K K . . . " .
Na 001 001 006 003 008 004 004 1.651 with white light. These data are in good
z 601 603 599 600 594 599  6.00 agreement with those from Kilchoan (Agrell, 1965).
Al 400 378 271 312 340 336 339 :
i 246 249 315 284 283 281 276
Mg 040 044 09 076 068 070 0.6 4.2 Chemical analyses
;e * g:(l)g g:ég 8:5 gzg‘]‘ ‘ g:gf g:gg g:(])f Chemical analyses of rustumite were also carried
b 704 689 695 697 698 695 696 out using the electron microprobe analyzer as de-
Cl 321 281 294 295 291 292 296

reflections in the range of 16° <20 <61° with graphite-
monochromated Mo Ka radiation. -Obtained cell
dimension of 12.014(1)A is close to the 12.001(2) A by
Tsukimura et al. (1993). The X-ray diffraction data
calculated from the single crystal intensities are listed
in Table 3. The crystal and optical data of wadalite
are summarized in Table 4 together with the data of
rustumite and spurrite.

scribed above. The result is shown in Table 5. The
average formula on the basis of O=18 and CI+OH=
4is

Ca.97515.00015(Clyss(OH)z44) 2 * 0.26H,0,

which is approximately expressed by
CaxoSisols(Cl1.56(OH)z.44)):4-

The formula is similar to the ideal one, Ca;,Si;0,5Cl,
(OH),, expected by Howie and Ilyukhin (1977),
although the chlorine is significantly depleted in the
studied minerals.
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Table 4 Crystal data with physical and optical properties of wadalite, rustumite, and spurrite.

Mineral wadalite wadalite rustumite rustumite spurrite spurrite
Locality La Negra!! Koriyama? La Negra!! Kilchoan? La Negra!! Scawt Hill4
Chemical CasofAls.aSizz- (CasoMgo2)zez- | CanooSisoOns- Cai0SisO18Cl2- Caso(SiO4)2- Cas(Si04)2CO03
formula Mgo.sFedto.3)s7.0- (Als.4SizoFe0.5) 569~ || (Ch.e(OH)2.4)54- | (OH)2 (Co.87B0.1¢) O3
O16Clas 016Clzy *0.3H20
Crystal system cubic cubic monoclinic monoclinic monoclinic monoclinic
Space group - 143d /1434 C2/c C2/c P2i/a P2i/a
Cell dimensions | a=12.014(1) a=12.001(2) a=7.625(1) a=7.62(5) a=10.472(2) a=10.4%(1)
(a b, c:A, b=18.576(2) b=18.55(5) b=6.724(1) b= 6.705(3)
B, ViA3) c=15.519(1) c=15.51(5) c=14.174(6) c=14.16(1)
B=103.75(1) B=104.3(2) B=101.31(3) B =101.3(1)
V=1734(1) V=1729(1) V=2135(1) V=2124 V'=978.7(3) V=976
7=4 7=4 7=4 7=4 7=4 7=4
Density (g/cm?) D meas = 3.01 D meas = 2.85 D meas = 2.86 Dmeas = 2.94
‘Refractive index | Dcae = 3.066 D cale = 3.056 Dcale =3.017 D calc = 2,921 D cale = 2.882 D calc = 3.025
n=1.708 a =1.641 a =1.640 a =1.641 a =1.638%
B =1.646 B =1.670 B =1.672
7 =1.651 7 = 1.65] y =1.678 v =1.678
7vy—a =0010 |y —a =0.011 v —a =0.037 vy —a =0.040

1) present study, 2) Tsukimura et al. (1993) , 3) Howie and Ilyukhin (1977) for chemical formula and space group,
and Agrell (1965) for the other data, 4) Smith ef al. (1960) , 5) Kusachi ef al. (1971) for refractive indices of
spurrite from Kushiro.

Table 6 X-ray diffraction data for rustumite from

La Negra.
Table 5 Chemical analyses of rustumite from La Negra. Gmeas | hK _ dode
7.89A 3 021 7914
7.55 3 002 7.54
1 2 3 4 Mean 685 6 111+ 686
S0 3248 3214(Wt 730)225 245 2B 48 2 T3 45
2 . . . . o
TiO2 0.02 0.00 0.00 0.00 0.00 434 4131w 435
Al20a 0.01 0.01 0.00 0.00 0.00 3770 3 004 3769
FeO 0.12 0.02 0.04 0.09 0.07 3690 2 113 3688
MnO 0.00 0.00 0.07 0.00 0.02 3424 6 222+ 3.428
MgO 0.04 0.09 0.07 0.05 0.06 3409 6 043 3410
Ca0 60.13  59.89 6004 5994  60.00 3200 13 221 3.204
Na20 0.00 0.01 0.00 0.00 0.00 3.185 15 523.,, 3.185
K20 0.00 0.00 0.00 0.00 0.00 3094 58 060 309
o (2 B m
— =L 12 = . — I. — |. 1. .
Total 9747 9662 9730 9721  97.15 2:5; 2; g‘;‘; ;:ij
HoO* 2.53 3.38 2.70 2.79 2.85 : Z :
‘2.873 30 224+ 2876
2743 8 135+ 2742
Atomic proportions on the basis of O=18 and Cl+OH=4. 2632 24 063 2636
1 2 3 4 Mean 2.549 7 242+ 2.549
Ca 9.94 9.98 9.97 9.94 9.97 2527 19 045+ 2.529
Mg 0.01 0.02 0.02 0.01 0.02 2512 14 006 2512
Fez 0.02 0.00 0.01 0.01 0.01 2373 7 204+ 2374
b 9.97 10.00 10.00 9.96 10.00 2314 6 245+ 2314
gl ]585.01 ]525.00 ]645.00 ]585.02 ]565.00 2294 20 081+ 2295
OH 242 248 236 242 244 i(');i z (2322 2;:2
b 400 400 4.00 4.00 400 : 2 :
H20 0.09 0.51 0.22 0.23 0.26 1984 6 281 1983
1.966 5 282+ 1.965
1952 6 192+ 1953

*Excess water assumed in the data reduction by Bence &

o 1919 17 281+ 1920
Albee’s correction method.

1906 27 402+ 1.906
1844 6 226+ 1.844
1769 12 067 1768
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4.3 X-ray studies

X-ray single crystal experiments are carried out in
the same way as those described above. The observed
extinction rules were consistent with the space group
C2 / ¢ by Howie and Ilyukhin (1977)
The cell dimensions are ¢=7.625(1), 6= 18.576(2), ¢ =
155191)A, and B=103.75(1)° determined from 22
reflections.in the range of 45°<264<55° with Mo Ka
radiation. They are also in good agreement with a=7.
62(5), 5=18.55(5), c= 15.51(5) A, and B=104°20°(10") by
Agrell(1965). The X-ray powder diffraction data were
obtained by a Rigaku RAD-»A X-ray diffractometer
using graphite-monochromated Cu Kea radiation. The
data are listed in Table 6.

5. Spurrite

5.1 Physical and optical properties
Spurrite occurs as aggregates of comparatively
large irregular crystals up to 3 mm. The density is

Dipeas=2.94 g/cm® by suspension method in CCl,.

D, =2.882 g/cm?®. It is‘bluish gray, and colorless with
biaxial and negative in the thin section. The refractive
indices are a=1.641, $=1670, and y=1.678 with
white light. They are in good agreement with those
from Kushiro, Japan (Kusachi et al., 1971).

Table 7 Chemical analysis and number of ions for spur-
rite from La Negra.

SiO2 2584wt % Ca 4.97 3

TiO2 0.04 Na 0.02 | 5.00
Al203 0.55 Mg 0.01 J
Fe203 0.01 Si 1.95 )

FeO 0.02 Al 0.05 | 2.03
MnO 0.02 P 0.03 ~

MgO 0.09 C 0877 1.03
CaO 61.22 B 0.16 ~
Na20 0.14

K20 0.04 (basis: O=11)

P20s 0.39

CO2 8.49

B203 1.21

H20(+) 1.10

H20(-) 0.59

Total 99.82

Table 8 -X-ray diffraction data for spurrite from La

Negra.

dmess | __HK Jode Omeas | K Jecae

6944 73 002 6954 26817A 42 312401  2.4292.618&

605 24 011 605 2460 10 403214 2459 2.463

514 25 200201 513 514 2440 13 401 2.440

502 7 1M 5.03 2419 14 321 2420

464 42 003 4.63 2313 14 006 2316
13816 48 203013 38343815 2258 26 315323 22612261

3786 34 1 13 3.781 2211 14 031 2213

3.472 52 004 3.475 2089 42 016130 21902190

3394 9 113 3.401 2177 34 322131 21772177

3361 14 00 3362 2149 15 412131 21492149

3.193 26 120204 3.1953.182 2.133 9 032 2.133

3098 27 114014  3.1093.087 2117 17 314 2116

3035 31 310022 3.0503.026 2100 9 405 2103

29% 10 312 2992 2021 26 316323 20232020

2876 15 311214  2.8762876 1986 35 413007  1.9861.986

2817 5 114221 28242816 1949 7 133 1.949

2778 7 313 2781 193 9 117 1.939

2719 86 023 2721 1906 56 026017  1.9081904

2705 100 222 2710 1893 29 315424 1.8961.893

2670 8 205 2.674 1881 27 422225 1.8801.879

2648 66 204 2.647 1858 10 324 1858 ,

5.2 Chemical analyses

Chemical analysis was carried out by the wet
method. The result is shown in Table 7. The empirical
formula on the based of O=11 is
Ca4.97(SiLQSAIO.OS)ZZ.OO(C0.87B0.16)21.0301l'
The characteristic of this spurrite is the presence of a
small amount of boron replacing carbon atoms.

5.3 X-ray studies

The cell dimensions were measured as a =
10.472(2), b = 6.724(1), ¢ = 14.174(6)A, and B =
101.31(3)° by the X-ray single crystal method using
16 reflections in the range of 55° <26 <60° with Mo Ka
radiation. They are in good agreement with @=10.49,
b=6.705, ¢=14.16A, and £=101.3° by Smith et al.
(1960). The results are listed in Table 8.

6. Discussion

The crystal structure of wadalite has two kinds of
cation sites: octahedral and tetrahedral sites (Tsu-
kimura, et al., 1993). The formula of wadalite can be
expressed simply as As770:6Cls, where A shows the
octahedral sites occupied by Ca and 7T shows .the
tetrahedral sites for small cations of Al**,Si**, and
Fe®**, Mg commonly occurs in octahedral sites in
silicates. We, however, consider that Mg in wadalite
may occupy 7T -sites, because the formula for wadalite
from La Negra on the basis of O=16 and Mg in
T -sites,

Cas.00(Als.35S1n70Mg0.6sF€*0.25)56.0s016Clz0s, is  closely
consistent with A¢750,:Cl;. On the other hand, Tsu-
kimura, et al. (1993) assumed Mg may occupy the
octahedral sites as shown in the formula of (Casgs
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Mgom)(Al4.26Feo.4e)Siz.09015.esCIz.e4 (basis: Si=2) . Their
formula, however, can be transformed into Caggo(Al,ss
Siz.0eFe0.47Mg0.25)£7.00016Clsge 0n the basis of O=16 and
Mg in T -sites. The latter formula is also consistent

with A770:6Cl;. Therefore Mg in wadalite may

occupy the tetrahedral sites and the formula of
Cas(AlLSi,Fe’*,Mg),0,:Cl; is more feasible in natural
occurrences. The other examples of Mg in the tetrahe-
dral sites are known in structures of akermanite, Ca,
MgSi,0,(Kimata and Ii, 1981) and spmel MgAlLO,
(Zorina and Kvitka, 1969) that are the minerals at
higher temperatures.

In accordance with increase of Mg?" in Wadahte,

AP (+Fe®*) is replaced for Si**t in the tetrahedral .

sites to keep the charge balance. As the result, the
increase of Mg?* yields the low ratio of (Al4+Fe**+
Mg)/Si. Mg contents in wadalite from La Negra
change from 0.40 to 0.96 (av. 0.63) in the formulas
shown in Tables 1 and 2. The corresponding (Al+
Fe?*+Mg)/Si ratios are 1.84 to 1.22 (av. 1.57) . On the

other hand the Mg content and the ratio of wadalite .

from Koriyama is 0.23 and.2.48, respectively. Thus
wadalite from La Negra is richer in Mg and lower in
(Al+Fe®**+Mg)/Si ratio. Theoretically the maximum
content of Mg with the formula of wadalite can reach
Cag(SiysMg25)5015Cls.

Aoki et al.(1986) synthe31zed wadalite in the system
of Ca-Al-Si-O-Cl by a hydrothermal method. A single
phase of wadalite of
CagAl;Siz-0,6Cl; was synthe51zed under 500-700°C and
1,000 atmospheric pressure. They also obtained crys-
tals of wadalite under the condition of 850-1000°C by a
silica tube method. The syntheses confirmed that
wadalite is stable at higher temperatures and high
chlorine concentration in the system.

The obtained experimental formula of rustumite,
Ca;0Si5015Cl156(OH),44, supports the ideal formula,
Ca;0Si;0,5Cl,(0H),, expected by Howie and Ilyukhin
(1977) . It means rustumite is a chlorine-bearing
mineral as well as wadalite. Thus the existence of
these minerals suggests high chlorine concentration in
forming scarns.

Spurrite from La Negra contains small but signifi-
cant amount of boron. Judging from the obtained
chemical formula, boron is exchangeable with carbon
and will form BO,; equilateral triangles in the struc-
ture. '
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AExO, FLsoi, SxTIFHMUENTIEAE, A<M, A/N—F4 b
£iRERX - FAEE - {YEZR

£ B

FECar A BESHYONEA, SXF<4 b, A= 4 v 2XFva, yvyaill, 275810
FABDAH NV oFER LU, FIBRLIAI<A ML, ANN—F4 M 2F LT 3H5AHRKHD, N1
Fraorvayvad—, 7R354, HEA, WSR2 &b FHRCEFIL Twa, ETTIfH
LI RAY<A b OREIR200 gmPAF, X8—5 4 MiZ 3mmZE TOHBKK S R TEFR O E LT
BHREINS,

FIHEA A TS, BITREn=1.708, XEHI N Fuloy 27— AL THT,
T TINoGWeBRNT 2 ELEEL Y, BEIE, Dac=3.066g/cm®, XfE~< A 7a7a—7454T
1%, EERRIZO=16%FAE L U T, Casoo(Alss5S1270MgossFe0.25)55.0:016Cla0s, BEAER 12 Cas(Al, Si, Mg,
Fe*),0,Cls Th 5. SHOMBEAGIERINE THRESN T EERFAMLUEL Y MgEE < &5, (Al+
Fe®* +Mg) /SiEds/N & W D2, i ESERRICE L, ZME143d, BT ERa=12.0141)A, V=
17341 A%, BMIREFHROSFHZ= 4.

TAIIA MEERE T BEE, LFRC TEES, BirERiZa=1.641, =1.646, y=1.651TH 3.
y—a=0.010, BE I Dneas=2.85 g/cm®, D.ac=3.017 g/cm®THh 3. X~ A4 7 a7 a— 75T,
%rﬁiﬁ 120= 18, Cl+OH= 14 %%@ & bf, C39.97Si5.00018(C11.56(OH)2.44)):4,00, ﬂﬁfﬁ X
Ca105i50,:(CLOH),. R LY, ThETFHIN T CIOFELRHER L 12, ZHEEC2/c, 1%
FEHRKa="7.625(1), b=18576(2), c¢=15.519(1)A, #=103.75(1 , V =2135(1)A% Z=4

AN=F A4 NFEEIKG, EN I ZEEA, BITEZe=1.641, #=1.670, y=1.678, y—a =0.037.
FEE 13 Dneas=2.94 g/cm?®, Diqic=2.882 g/cm®, (RESITIZERIKIC X V1TV, EBRRIZ0=11%H%
E LT, Caser (SiresAloos)s.00(CosrBo.16)s1.0s011, B3 Cas(Si0,).(C,B)0;. PEDBHBCEZEHL T
W3 Z & DR, EREEP2,/ 0, BT ERa=10.4722), b=6.724(1), c=14.174(6)A, £=101.31(3), V=
978.7(3)A3, Z=4,
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