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ABSTRACT

We have made new chemical analyses of a large number of samples of meliphanite from Norway and of leucophanite from
both Norway and Mont Saint-Hilaire, Quebec. Infrared spectra were collected on a sample of each mineral to confirm the lack of
(OH) groups, inferred on the basis of absence of any absorption bands in the OH-stretch region. Four samples were chosen for
crystal-structure analyses, two crystals of meliphanite from localities in Norway and two leucophanite samples (one REE-rich)
from Mont Saint-Hilaire, Quebec. The anomalous biaxial character of tetragonal meliphanite is likely due to stress within the
crystal structure as a result of twinning. The crystal structure of meliphanite from Argy, Norway is presented in detail, as this
represents material used in the early description of this mineral. It is tetragonal /4, a 10.5257(3), ¢ 9.8868(4) A, v 1095.37(8) A3
and Z = 2. The structure refined to R = 0.025 using 1578 observed (>40 F,) reflections. The crystal-structure analysis established
the simplified formula Cas(Na,Ca)sBesAlSi;O,4(F,0)4; the essential Al orders in the layer of tetrahedra, which differentiates it
from leucophanite, CasNasBesSigO,4F,. Meliphanite is structurally related to the melilite group of minerals, in which the topology
of the layer of tetrahedra defines a two-dimensional net (5°)(5%). The expansion of this series of structures from melilite to
leucophanite to meliphanite requires subtle modifications in this net to accommodate cation order, both among the larger cations
and the small tetrahedrally coordinated cations. This ordering is dictated by local bond-valence requirements.

Keywords: meliphanite, Argy, Norway, essential Al, structure, twinning, cation order, nets.
SOMMAIRE

Nous avons effectué de nouvelles analyses chimiques d’un grand nombre d’échantillons de méliphanite de Norvege et de
leucophanite de Norvege et du Mont Saint-Hilaire, Québec. Chaque échantillon a été analysé par spectroscopie infrarouge afin de
confirmer I’absence de bandes d’aborption dans la région de 1’étirement des groupes OH. Nous avons choisi quatre échantillons
pour une ébauche de la structure cristalline, deux de méliphanite de localités norvégiennes et deux de leucophanite (dont un
enrichi en terres rares) du Mont Saint-Hilaire. Le caractere biaxe anomale de la méliphanite tétragonale serait di aux contraintes
a cause des macles. Nous décrivons en détail la structure de la méliphanite provenant d’Argy, en Norvege, parce que c’est ce
matériau qui a été utilisé dans les premieres descriptions de cette espece. Elle est tétragonale, /4, a 10.5257(3), ¢ 9.8868(4) A, V
1095.37(8) A3, avec Z=2. La structure a été affinée jusqu’a un résidu R de 0.025 en utilisant 1578 réflexions observées (>4o0 F,).
Nos résultats établissent la formule simplifiée de cette espece: Cas(Na,Ca)sBesAlSi;Op4(F,0)4; 1’aluminium, essentiel, est ordonné
dans la couche de tétraedres, ce qui distingue la méliphanite de la leucophanite, CasNayBesSigOp4F4. La méliphanite est
structuralement apparentée au groupe de la mélilite, dans lequel la topologie de la couche de tétra¢dres définit un réseau
bidimensionnel (5%)(5%). L’expansion de cette série de structures, de la mélilite 2 la leucophanite et ensuite & la méliphanite,
requiert des modifications subtiles du réseau afin d’accommoder la mise en ordre des cations, a la fois les plus gros et ceux qui
possedent une coordinence tétraédrique. Cette mise en ordre serait régie par les exigeances locales des valences de liaison.

(Traduit par la Rédaction)

Mots-clés: méliphanite, Argy, Norvege, Al essentiel, structure, maclage, mise en ordre des cations, réseaux.
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INTRODUCTION

Meliphanite was first described by Scheerer (1852)
from Fredriksvérn (now Stavern), Norway. The origi-
nal name, “melinophan”, from Greek meli, honey,
phainomai, to appear, alluded to its characteristic honey-
yellow color. In the original description, Scheerer
(1852) mentioned that the mineral also was found at
Brevig (now Brevik) on the Langesundsfjord. Prior to
this, Erdmann (1840) described in detail the mineral
“leucophan” (now leucophanite) from Brevig. This
name also alludes to the mineral’s appearance, from the
Greek, leucos, white.

The crystal structure of each mineral was described
in 1967, leucophanite by Cannillo et al. (1967) and
meliphanite by Dal Negro et al. (1967). Both structures
were determined and refined using X-ray diffraction
intensities measured by film techniques. The R indices
were 0.094 for leucophanite and 0.104 for meliphanite.
We refined the structure of leucophanite as part of an-
other project (Grice & Hawthorne 1989), but the struc-

FiG. 1.
Norway (sample CMNMC 46861) oriented approximately
on (001). In partially crossed nicols, the areas of uniaxial
(dark shade) and biaxial character (lighter shade) can be
readily seen. Width of field of view: 3 mm.

A crystal fragment of meliphanite from Stokkgy,
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ture refinement of meliphanite would not refine to an
acceptable level of confidence.

We have investigated about 50 specimens of leuco-
phanite and meliphanite. Many of these were studied
optically to check the indicatrix, and many were chemi-
cally analyzed with an electron microprobe. In total, four
crystal-structure refinements were done: two on
leucophanite (one reported in Grice & Hawthorne 1989)
and two on meliphanite. Although good structure refine-
ments were readily attained for leucophanite, initially
those for meliphanite were unacceptable. The structure
refinement of the sample from Stokkgy, Vestfold
County, Norway (specimen CMNMC 46861), was our
first indication of a problem. Several grains of this speci-
men were checked optically, and they are uniaxial. Fur-
ther investigation of the sample showed areas in the
crystal that are biaxial (Fig. 1).

Examination of the crystal-structure data of Dal
Negro et al. (1967) revealed that the atom coordinates
of meliphanite may be transformed into those of
leucophanite using the relation [x, y, z] — [x — y + %,
X +y, 7+ %]. The relation between the two structures is
discussed later. This relation suggested the possibility
that meliphanite is merely twinned leucophanite and
thus not a valid species. The accurate crystal-structure
of meliphanite, criteria for its differentiation from
leucophanite, and its geochemical significance have
now been determined.

EXPERIMENTAL
Samples studied

Samples were selected from several collections:
Canadian Museum of Nature (CMNMC), Ottawa,
Canada; Geological Survey of Canada, Ottawa, Canada;
Geological Museum (GM), Copenhagen, Denmark;
Royal Ontario Museum, Toronto, Canada; Swedish
Museum of Natural History (SMNH), Stockholm, Swe-
den and the Mineralogisk-Geologisk Museum (MGM),
Oslo, Norway. We have not been successful in finding
any of the meliphanite from the original description of
Scheerer (1852). Initially, we believed that some of this
“type material” was at Bergsakademie, Freiberg, but that
is incorrect (A. Massanek, pers. commun.). The Swedish
Museum of Natural History provided some of the
material studied by Brogger (1890) and Bickstrom
(1890) for new chemical analyses and an investigation
of optical properties. This is as close to “type” material
as we could obtain, and it is the best standard for a defi-
nition of the species.

Optical properties

Although meliphanite is often cited in textbooks as
having uniaxial optical properties, it has been known
for some time that it can also display biaxial character
(Vlasov 1966). In the samples we studied, we found both
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uniaxial and biaxial meliphanite, but only biaxial
leucophanite. Figure 1 shows a good example of
meliphanite with both uniaxial and biaxial character
(shades of grey indicate differing degrees of biaxial
character).

Chemical analysis

To date, we have analyzed 34 samples of meliphanite
and leucophanite with an electron microprobe. Table 1
gives average results of the chemical analyses of
meliphanite from Norway (10 samples) and of leuco-
phanite from both Norway (8 samples) and Mont Saint-
Hilaire (16 samples, denoted MSH). Also in Table 1 are
chemical data for specific samples used for crystal-
structure analyses or X-ray powder diffraction. In all
cases, we assumed Be to be present in stoichiometric
amounts. Chemical analyses were done in wavelength-
dispersion (WD) mode on a JEOL 733 electron micro-
probe using Tracor Northern 5500 and 5600 automation.
Data reduction was done with a PAP routine in
XMAQNT (C. Davidson, CSIRO, pers. commun.). The
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operating voltage of the electron probe was 15 kV, and
the beam current was 20 nA, with a beam diameter of
40 pm. Data for all elements in the samples were col-
lected for 25 s or 0.50% precision, whichever was at-
tained first. A 100 s energy-dispersion scan indicated
no elements with Z > 8§ other than those reported here.
The following standards were used in the electron-mi-
croprobe analyses: bytownite (SiKa), tephroite (MnKo),
albite (NaKa), diopside (CaKa), phlogopite (FKa), al-
mandine (FeKa), chrysoberyl (AlKa), zincite (ZnLa),
synthetic yttrium iron garnet (YIG) (YKa), and a set of
synthetic REE phosphates (CeLa, NdLa, LaLo, SmLax,
EuLa, GdLa, TbLa, DyLB3, HoLa, ErLoa, TmLa, YbLax,
LuL«a). Data for standards were collected for 50 s or
0.25% precision, whichever was attained first. The REE
raw data were corrected for overlaps.

Infrared spectroscopy
The infrared-absorption spectra of meliphanite

(Fig. 2a, sample SMNH 531225 from Argy, Norway)
and leucophanite (Fig. 2b, sample MGM 28481 from

TABLE 1. MELIPHANITE AND LEUCOPHANITE: CHEMICAL COMPOSITIONS (wt.%) AND UNIT FORMULA (apfit)

MELIPHANITE LEUCOPHANITE
2Arpy  'Stokkey Av Range’ 'MSH 'MSH Av MSH Laven Av Norway
SMNH CMNMC (10) CMNMC CMNMC (16) Range MGM &) Range
531225 46861 53455 36557 28560
Na,O 8.14 8.12 8.30 7.50-9.01 12.80 13.13 12.77 12.58-13.13 12.65 12.52 12.39-12.69
Ca0 29.85 29.10 29.08 27.79-30.3 20.70 16.65 19.76 16.19-22.37 21.81 22.12 21.57-22.92
MnO 0.00 0.00 0.03 0.00-0.19 0.21 0.15 0.07 0.00-0.23 0.12 0.15 0.07-0.19
FeO 0.16 0.17 0.19 0.14-0.22 0.00 0.00 0.00 0.00 0.00
(BeO) 9.97 10.01 9.99 9.82-10.11 10.08 10.00 10.12 10.36 10.27
ALOs 436 4.74 4.35 4.01-4.75 0.10 0.10 0.05 0.00-0.15 0.00 0.00 0.00-0.05
Y20 0.00 0.00 0.02 0.00-0.22 0.19 1.00 044 0.00-1.11 021 0.06 0.00-0.21
LayO; 0.00 0.00 0.00 0.34 0.95 0.25 0.00-0.97 0.10 0.10 0.00-0.18
Ce,05 0.00 0.15 0.11 0.15-0.26 1.14 2.73 1.05 0.14-334 0.38 0.33 0.00-0.54
Pr,05 0.00 0.00 0.00 0.00 0.40 0.11 0.00-0.41 0.00 0.00
Nd;0; 0.00 0.00 0.00 0.56 1.41 0.86 0.00-2.12 0.20 0.13 0.00-0.27
Sm,0; 0.000 0.000 0.000 0.00 0.80 0.30 0.00-0.89 0.00 0.00
Eu,O; 0.000 0.000 0.000 0.00 0.00 0.01 0.00-0.85 0.00 0.00
Gd,04 0.000 0.000 0.000 0.00 0.88 0.33 0.00-0.85 0.00 0.00
Dy,04 0.000 0.000 0.000 0.00 0.00 0.05 0.00-0.45 0.00 0.00
SiO; 42.84 43.27 4329 42.00-44.21 48.96 48.18 49.01 47.35-50.61 50.21 50.19 49.81-50.41
F 6.50 6.39 6.47 5.81-7.01 7.05 7.71 7.40 6.29-8.32 8.01 7.12 6.21-8.01
O=F -2.74 -2.69 272 -2.45-2.95 -2.97 -3.25 -3.12 -3.37 -3.00
TOTAL 99.08 99.26 99.11 97.91-100.17 99.26 100.84 99.46 100.68 99.99
Na* 1.318 1.309 1.341 1.233-1.452 2.050 2.120 2.043 1.961-2.155 1.971 1.969 1.942-2.003
Ca®* 2.671 2.593 2.597 2.475-2.754 1.832 1.486 1.747 1.486-1.919 1.878 1.922 1.878-1.996
Mn** 0.000 0.000 0.002 0.000-0.014 0.015 0.011 0.005 0.00-0.17 0.008 0.010 0.005-0.017
Fe? 0.011 0.012 0.013 0.010-0.015 0.000
Be™ 2 2 2 2 2 2 2 2
AP 0.429 0.465 0428 0.389-0.475 0.010 0.010 0.005 0.000-0.014 0.009 0.000 0.000-0.004
¥ 0.000 0.000 0.001 0.000-0.010 0.008 0.044 0.019 0.000-0.050 0.003 0.003 0.000-0.009
La* 0.000 0.000 0.000 0.010 0.029 0.008 0.000-0.031 0.011 0.003 0.000-0.005
ce** 0.000 0.005 0.003 0.000-0.008 0.034 0,083 0.032 0.004-0.105 0.006 0.010 0.000-0.016
pri* 0.000 0.000 0.000 0.000 0.012 0.003 0.000-0.013 0.000 0.000
Nd** 0.000 0.000 0.000 0.017 0.042 0.025 0.000-0.064 0.000 0.004 0.000-0.008
Sm** 0.000 0.000 0.000 0.000 0.023 0.009 0.000-0.026 0.000 0.000
Eu® 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Gdf+ 0.000 0.000 0.000 0.000 0.024 0.009 0.000-0.024 0.000 0.000
Dy** 0.000 0.000 0.000 0.000 0.000 0.001 0.000-0.024 0.000 0.000
sit* 3.578 3.598 3.608 3.562-3.648 4.044 4.013 4.044 4.010-4.076 4.034 4.070 4.030-4.085
F 1.717 1.681 1.706 1.559-1.825 1.842 2.031 1.931 1.713-2.114 2.035 1.826 1.617-2.035
o* 12.283 12319 12.294 12.158 11.969  12.069 11965 12.174

' used in crystal-structure analysis; 2 used in X-ray powder diffraction
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FiG. 2.

Eikaholmen, Norway) were obtained using a Bomen
Michelson MB—-120 Fourier-transform infrared spec-
trometer. Of particular interest was the lack of any ab-
sorption bands in the 3000 cm™' range indicative of
presence of (OH). These two samples were chosen for
their low F content; thus any substitution within this
atomic site must be attributed to O> and not (OH)~. The
absorption bands in the range 1200 to 700 cm™' may be
attributed to stretching modes of the tetrahedral groups.
With meliphanite having the greater number of distinct
cation sites with tetrahedral coordination, one might

Infrared-absorption spectra for (a) meliphanite and (b) leucophanite.

have expected the spectrum for meliphanite to be more
complicated (more splitting of bands) than that for
leucophanite within this region, but the converse is ob-
served.

X-ray powder diffraction

Powder X-ray-diffraction (XRPD) results were ob-
tained using a Philips PW1729 diffractometer with
CuKa radiation (A = 1.54056 A) and a scan rate of 0.02°
26/s for the 26 range 10 to 120° 26 (Table 2). Compari-
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TABLE 2. X-RAY POWDER DIFFRACTION DATA FOR

ELIPHANITE AND L EUCOPHANITE son of the XRPD spectra for meliphanite (sample

Wiliphanie (SN 337223) |~ Leucopfanie (MG 28367) SMNH 531225 from Argy, Norway) and leucophanite
roy, Norwa: Laven, Norwa; o
e el T dobe T (sample CMNMC 28560 from Laven, Norway) shows
L . small but significant differences in d-values that distin-
1 5256 5262 200 guish the two species: for meliphanite 7.213, 4.250,
10 4.950 4.944 002 35 4.978 4.983 002 .
3 4E24 4629 111 2.7999, 2.6996 A, and for leucophanite, 5.933, 4.624,
10 4.250 4.248 211 A
4 4121 4.118 112 4 4.130 4.130 012 3466’ 3029 and 236] 1 A
32 3604 3.603 202 | 36 3.604 3.607 112
20 3.466 3.468 201 .
2 3328 3328 310 2 3305 3308 210 Crystal-structure refinements
2 3.146 3.145 103 2 3.136 3.136 121
19 3.029 3.031 103
38 29726 29731 22| 54 25701 2966 022 The crystal structure of two samples of meliphanite
9 27999 2.79%7 321 . )
100 27612 27610 312|100 27546 27560 212 and two samples of leucophanite have been refined. The
i 2.699 . .
5 oo Et S I 26121 26134 220 resulFs of the crystal-structure analysis of leucophanite
A low in total REE (Table 1, sample CMNMC 53455)
3 24727 24720 004 | 1 24711 24693 023 were provided by Grice & Hawthorne (1989). A second
124025 24022 303 1 23890 23892 031 . . . .
26 23611 23613 104 crystal of leucophanite with much higher concentrations
27 23458 23460 114 23 23408 23397 310 _
21 23226 23228 402| 15 23133 23144 222 t?f RfE (’(I;Zg)l.efl’ SamPle CMNMC 36}?57) was also re
4 22771 22777 311 ined, and brief mention is given to this experiment in
9 22372 22374 204 6 22497 22490 114 . . g . . p
22 22170 22173 332| 20 22108 22108 302 the discussion below. For the intensity-data measure-
1 21862 2.1853 323 . qe .
3 21245 21250 42| 5 21188 21178 312 ment, an equ1d1men51on?11 crystal of ~0.10 mm was usgd
1 20500 20088 011 2 20542 2080 2 in all four cases. Intensity data were collected on a Si-
33 19845 19844  314| 34 19902 19902 214 emens P3/P4 four-circle diffractometer operated at
E 1.9174 521 . .
; 1 ggg‘; L9048 s12| 3 18988 18966 322 50 kV, 40 mA, with graphite-monochromated MoKa ra-
B las ay| =8 res04 1EOL 400 diation. Diffraction data were collected to 26 = 60° in
8 18056 18050 330 | 8 18043 18033 224 0:20 scan-mode, with scan speeds inversely proportional
8 1.8017 1.8016 404 9 1.7946 27946 410 . . . f 15 29 30/ . All leul
117730 17741 03| 3 17666 17662 4l to intensity, varying from 1.5 to 29.3"/min. calcula-
8 1.7541 1.7542 600 11 1.7547 17548 205 4 H
S las imn | 12 1%ese Tra 330 tions were done with the SHELXTL PC PLUS system
717348 17344 402 of programs. For the ellipsoidal absorption correction,
32 1.7043 1.7045 424 38 1.7054 1.7066 134 . . . . . o
7 16951 16956 532| 6 16886 16885 412 intense diffraction-maxima in the range 8 to 60° 26 were
5 1.6633 1.6642 620 8 1.6615 1.6610 006 . . o
W 16579 16532 02| 11 16544 Lesdo 420 chosen for ¥ diffraction-vector scans at 5° intervals
3 16482 16480 006 | 4 16456 16446 332 of V.
1 16375 1.6373 325 1 16207 16207 106 . . .
3 15844 15844 Sl | 15 1.5830 13835 324 The two refinements of the meliphanite structure
3 TR s | 8 1amz 1aim i were done in the tetragonal space-group /4 (#32). Care
10 laTes lAle NG| 14 ras0 a6 must be taken to correctly orient the direct cell with re-
4 14000 13998 62| 9 14023 14018 226 gard to the a and b vectors. These are not interchange-
8 1.3967 1.3967 406 9 1.3986 . . = . . . .
4 13938 able in point group 4. If an incorrect orientation is
ol R o I A adopted, we found that the refinement would not pro-
3 13501 13499 426 | 8 1.3551 ceed beyond approximately R = 0.10; there is no easy
7 138 13l s0| 8 resee way to determine this orientation uniquely prior to re
3 1.3169 13156 800 8 1.3249 -
212880 BB el finement. Both samples refined to a residual index of R
2 tannolams s 10 15220 =0.02. The crystal from Argy (sample SMNH 531225)
4 12360 4 13074 is a single crystal with distinctly uniaxial optics. As this
S i 3 1o material is the sample closest to the type material avail-
2 i 2 1o able, we describe that structure in detail here. The crys-
3 11319 6 12341 tal from Stokkgy (sample CMNMC 46861) is that
6 1.1090 3 12215 . . . . . . .
6 11065 6 12193 shown in Figure 1, with biaxial optical character. It is
5 1l § 1 likely that this biaxial optical character is caused by
1010943 5 12034 stress within the crystal structure due to twinning. A
10 1.0930 3 1.2006 . . .
3 10104 2 11824 merohedral twin model with {100} as the twin plane
3 s had to be used to reduce the agreement factor below R =
2 Hfgg 0.07. At that level of refinement, there is very little dis-
3 14105 tinction in ordering of cations within the Si, Al and Be
1.1030 T 1 1
PR tetrahedra; only after incorporating the twin model can
8 o this distinction be made. The crystal-structure analysis
2 1o established the simplified formula as Cay(Na,Ca)4Bey
2 1.04 . . .
2 10242 AlSi70,4(F,0)y; the essential Al orders in the layer of
P tetrahedra, differentiating it from leucophanite,
2_1.0095 CayNayBeySigOo4F,4. Table 3 summarizes information
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for this experiment (sample SMNH 531225), and Table
4 contains the final atom-coordinates, anisotropic-dis-
placement parameters and bond-valence sums, and
Table 5 contains selected interatomic distances and
angles. Observed and calculated structure-factors have
been submitted to the Depository of Unpublished Data,
CISTI, National Research Council of Canada, Ottawa,
Ontario, K1A 0S2 Canada.

DI1scuUssION OF MELIPHANITE
AND RELATED STRUCTURES

Comparison of the atom coordinates for the
meliphanite structure as determined by Dal Negro ef al.
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(1967) with our findings may be made directly, as our
intensity data were reoriented. The Si(1) site of Dal
Negro et al. (1967) is the Al site in the present refine-
ment, and the Si sites are renumbered, keeping the same
order. The crystal structure of meliphanite is layered on
(001) (Fig. 3). The close relation of the meliphanite and
leucophanite structures and the dominant twin-plane are
shown in Figure 4. It should be noted that although one
of the leucophanite crystals used in crystal-structure
analysis is rich in REE (sample CMNMC 36557 in
Table 1), the lowering of symmetry to triclinic reported
by Cannillo et al. (1992) could not be confirmed. The
statistics obtained in the authors’ experiment would not
allow an interpretation of ordering of REE within the

TABLE 3. MELIPHANITE: DATA COLLECTION AND
STRUCTURE-REFINEMENT INFORMATION

Locality: Arey, Norway

Cell content: Cay(Na,Ca),Be,AlSi;0,4(F,0),

Space Group: IZ (No. 82)
a10.5257(3) A

¢ 9.8868(4) A
¥ 1095.37(8) A?

Radiation: MoKa

u 1.66 mm™
R=Z(|F|-\F))/ Z|F| =

0.025 (for F,), 0.026 (for all Fyand

0.024 (for all F merged)

Sample # SMNH 531225

Reflections collected 1870

Unique reflections 1613

Crystal size (mm) 0.15 x 0.15 x0.10

Observed reflections (> 40 F,) 1578

Merged reflections 853
R(merge) =0.0113
Goof = 1.075 (all data)

WwR = [Sw(F, - F, ) 1 ESw(Fo)’] = 0.071

w=1/(c%(F,%) + [0.04(Max(F,2.0) + 2F.*1 /319

TABLE 4. MELIPHANITE: ATOM COORDINATES AND
ANISOTROPIC DISPLACEMENT PARAMETERS (A%

Site  Wyck* x y zZ Uy Uny Uss Uy Uz U Ueq BVS**
Ca 8g  0.25462(4) 0.09040(4) 0.25568(5) 0.0129(2) 0.0083(2) 0.0094(2) 0.0010(2) -0.0013(2) 0.0000(1) 0.0102(1) 1.95
Na 8g 0.23900(8) 0.08693(7) 0.75073(10) 0.0387(5) 0.0147(3) 0.0192(4) 0.0025(3) 0.0054(4) 0.0007(3) 0.0242(3) 1.13
Al 2a 0 0 0 0.0061(6) 0.0061(6) 0.0069(9) 0 0 0 0.0063(5) 3.23
Sil 2b 0 1} 12 0.0057(3) 0.0057(3) 0.0094(6) 0 0 0 0.0069(2) 3.87
Si2 4f 172 0 0.00573(3)  0.0089(4) 0.0091(4) 0.0109(4) 0 0 -0.0003(3) 0.0096(2) 3.78
Si3 8g 0.25251(6) 0.88834(6) 0.97402(7) 0.0088(3) 0.0081(3) 0.0085(3) -0.0004(2) -0.0007(2) 0.0002(2) 0.0085(1) 4.01
Be 8g  0.24830(19) 0.89319(18) 0.47330(22) 0.0092(9) 0.0066(%) 0.0097(9) 0.0012(6) 0.0002(6) -0.0000(6) 0.0085(6) 1.96
0Ol 8g 0.25297(14) 0.25601(14) 0.08835(18) 0.0076(7) 0.0126(7) 0.0078(7) 0.0001(5) -0.0011(5) -0.0002(6) 0.0093(3) 2.16
02 8g  0.12502(15) 0.96902(16) 0.40747(18) 0.0083(7) 0.0118(7) 0.0124(8) 0.0025(6) 0.0019(6) 0.0018(6) 0.0108(3) 1.84
03 8g  0.12831(15) 0.95323(16) 0.90262(18) 0.0080(7) 0.0122(7) 0.0100(7) 0.0020(6) -0.0011(6) 0.0023(6) 0.0101(3) 2.13
04 8g 0.37662(15) 0.95923(16) 0.40499(18) 0.0069(7) 0.0104(7) 0.0107(7) 0.0020(6) -0.0016(6) -0.0019(6) 0.0093(3) 1.91
03 8g  0.37771(15) 0.96106(17) 0.90772(18) 0.0096(7) 0.0129(7) 0.0105(7) 0.0013(6) -0.0011(6) -0.0030(6) 0.0110(3) 1.95
06 8g 0.25369(16) 0.89533(16) 0.13478(16) 0.0107(7) 0.0106(7) 0.0076(6) -0.0004(5) -0.0008(6) 0.0003(6) 0.0096(3) 1.80
F 8g  0.24825(15) 0.89211(15) 0.63154(14) 0.0155(8) 0.0157(8) 0.0104(7) -0.0016(5) 0.0006(6) -0.0011(6) 0.0139(4) 0.85

* multiplicity and site symmetry
** bond-valence sum using parameters of Brese & O’Keeffe (1991)
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cation sites. Without this cation order, the crystal struc-
ture remains in the orthorhombic crystal system. If the
interpretation of Cannillo et al. (1992) is correct, then
their mineral is not leucophanite but a new mineral spe-
cies.

Meliphanite and leucophanite are structurally related
to the melilite group of minerals. Members of this group,
akermanite, gehlenite, gugiaite and hardystonite, have
the general formula A,7172,X; with A = Na, Ca; T1 =
Al, Be, Mg, Zn; T2 = Al and Si, and X = O, F. In addi-
tion to these minerals, several related phases have been
synthesized (Armbruster ez al. 1990). The dominant fea-
ture in the crystal structure of all these compounds is
the sheet of 71 and 72 tetrahedra. The strongly bonded
sheets are cross-linked into a three-dimensional struc-
ture by more weakly bonded alkali and alkaline-earth
cations (A cations). To understand the relation of
leucophanite and meliphanite, it is necessary to exam-
ine the topology of the layer of tetrahedra.

Within the melilite group, the crystal structures of
several minerals have been refined; of particular inter-
est in the present case are gehlenite, CayAl(Si,Al),O7
(Louisnathan 1971) and gugiaite, Ca;BeSi,O7 (Yang et
al. 2001). These isomorphous structures have space-
group symmetry P42;m; in gehlenite, Al occupies the
T1 site with point symmetry 4, and the T2 site (with
point symmetry m) is occupied by Al.,Siy,; in gugiaite,
Be occupies the 71 and Si the 72 sites. If we consider
the sheet as a two-dimensional net (e.g., Smith 1977,
Hawthorne & Smith 1986), it may be represented by
the general symbol (5%);(5%);; the vertices representing
centers of tetrahedra within the layer of tetrahedra out-
line a pentagonal net, and there are two types of verti-
ces, 3-connected and 4-connected. In gugiaite, Be
occupies the (5%) vertex, and Si occupies the (5%) vertex
(Fig. 5a, Table 6). In the leucophanite structure, the
degree of complexity within the net increases to
(5%),(5%);, with Sil and Be at each of the (5°%) vertices
and Si2 at the (5%) vertex (Fig. 5b, Table 6). This rever-
sal in preference of Be for a (5°) than a (5%) vertex was
explained by Grice & Hawthorne (1989) in terms of
satisfaction of local bond-valence requirements within
the sheet by the addition of F. The meliphanite structure
builds further on this theme, with a net topology
(5%)2(5" (Fig. Sc, Table 6). Again, Be occupies a (5%)
vertex and has a F ligand, Si3 occupies the other (5%)
vertex, Sil and Si2 occupy (5% vertices, and Al occu-
pies the largest tetrahedral site with a (5%) vertex.
Aminoffite (Hurlbut 1937) was initially classified in the
melilite group because of its chemical similarity,
Ca3Be;Si30;9(OH),, and it has the same crystal system
and a very similar cell to that of meliphanite. Looking
closely at the crystal structure, we see that the net is dra-
matically different, (4.6%),(6%) (Fig. 5d, Table 6). In that
structure, Be occupies a 3-connected vertex, (4.6%), as
does Sil, whereas Si2 is at a 4-connected vertex (6%).
As F stabilizes Be at 3-connected vertices in leucopha-
nite and meliphanite, it is the (OH) group that satisfies
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TABLE 5. MELIPHANITE: SELECTED
INTERATOMIC DISTANCES (A) AND ANGLES (°)

Ca square anti-prism Na square anti-prism

Ca-06 2.376(2) Na-O1 2.306(2)
Ca-04 2.395(2) Na-03 2.365(2)
Ca-02 2.397(2) Na-F 2.367(2)
Ca-01 2.403(2) Na-05 2.509(2)
Ca-06 2.462(2) Na-06 2.522(2)
Ca-F 2.528(2) Na-F 2.639(2)
Ca-04 2.699(2) Na-02 2.7212)
Ca-03 2.719(2) Na-05 2.838(2)
(Ca-$) {2.497) (Na-¢) (2.533)
Al-O tetrahedron
Al-O03 1.7302) X4 03-Al-0O3 108.04(5) X3
(Al-O) (1.730) 03-A1-03 112.27(5) X3
(0-AI-O) {110.16)
Sil-O tetrahedron
Sil-02 1.636(2) X4 02-Si1-02 108.23(6) X3
(Si1-0)  (1.636) 02-Si1-02 111.9(1) X3
(0-Si1-0) (110.16)
Si2-O tetrahedron
Si2-04 1.628(2) X2 04-Si2-04 114.32(13)
8i2-05 1.663(2) X2 05-Si2-04 108.87(8) X 2
(S8i2-0)  (1.646) 05-Si2-04 107.98(8) X2
05-8i2-05 108.70(13)
(0-Si2-0)  (109.97)
Si3-O tetrahedron
Si3-06 1.591(2) 01-8i3-06 115.15(10)
Si3-01 1.611Q2) 03-8i3-06  114.72(10)
Si3-03 1.635(2) 05-Si3-06 111.54(9)
8i3-05 1.659(2) 03-Si3-01  103.82(9)
(Si3-0) (l.624) 05-8i3-01 104.87(9)
05-8i3-03  105.77(9)
(0-Si3-0)  (109.31)
Be-¢ tetrahedron
Be-F 1.565(3) 01-Be-F 112.01(15)
Be-01 1.597(3) 02-Be-F 113.33(15)
Be-02 1.657(3) 04-Be-F 114.18(14)
Be-04 1.662(3) 02-Be-0O1  105.84(15)
(Be-¢) (1.620) 04-Be-01  104.74(14)
04-Be-02  105.98(13)
(O-Be-0Q)  (109.35)

the local bond-valence requirements for Be in ami-
noffite. Aminoffite should not be classified in the
melilite group of structures.

The differences between the closely related miner-
als leucophanite and meliphanite are now well under-
stood. They may be differentiated by powder diffraction
(differing d-values at low 20), single-crystal X-ray dif-
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Fi1G. 3. The meliphanite structure projected along [001]. The
(Si0y) tetrahedra are green, (AlOy) tetrahedra are grey and
the (Bedy) tetrahedra are blue, the Na atoms are yellow,
and the Ca atoms are orange. The unit cell is outlined. ¢:
unspecified anion.

FiGg. 4. Therelationship in the crystal structure of meliphanite
(meli) and leucophanite (leuco), shown projected along
[001]. The twin plane m{100} of meliphanite is shown.

THE CANADIAN MINERALOGIST

fraction (orthorhombic P lattice in leucophanite, and a
tetragonal / lattice in meliphanite) and chemical analy-
sis (leucophanite has very little or no Al, whereas
meliphanite has essential Al). It is of interest that
although the two minerals are closely related, they do
not coexist. This mutual exclusion is likely geochemi-
cal rather than crystal chemical, as differences in the
activity of Al in the environment of growth of these
minerals seem critical in their paragenesis.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the cooperation
of, and samples provided by, Gary Ansell, Geological
Survey of Canada, Ottawa, Canada; Ole Johnsen and
Ole Petersen, Geological Museum, Copenhagen, Den-
mark; Bob Gait, Royal Ontario Museum, Toronto,
Canada; Ulf Halenius, Swedish Museum of Natural
History, Stockholm, Sweden, and Gunnar Raade,
Mineralogisk—Geologisk Museum, Oslo, Norway. The
authors are indebted to Elizabeth Moffatt, Canadian
Conservation Institute for the infrared spectrum, to Neil
Ball, University of Manitoba for the X-ray powder
diffractograms, and to Bob Gault for the electron-mi-
croprobe analyses. Helpful comments from referees
Ton&i Balié¢-Zunié¢ and an anonymous reviewer, from
Associate Editor Ole Johnsen, Robert T. Downs and
Robert F. Martin improved the quality of the manu-
script. This work was funded by the Canadian Museum
of Nature (JDG) and the Natural Sciences and Engineer-
ing Research Council of Canada (FCH).

REFERENCES

ARMBRUSTER, T., ROTHLISBERGER, F. & SEIFERT, F. (1990):
Layer topology, stacking variation, and site distortion in
melilite-related compounds in the system CaO-ZnO-
GeO,-Si0,. Am. Mineral. 75, 847-858.

BACKSTROM, H. (1890): Kemisk undersgkning af nagra mineral
fran trakten af Langesund. Kongl. Svenska Vet.-Akad.
Handlingar 15, 13-20.

Binp1, L., CzANK, M., ROTHLISBERGER, F. & Bonazzi, P.
(2001): Hardystonite from Franklin, New Jersey: a natural
modulated melilite. Am. Mineral. 86, 747-751.

BRESE, N.E. & O’KEEFFE, M. (1991): Bond valence parameters
for solids. Acta Crystallogr. B47, 192-197.

BROGGER, W.C. (1890): Leukophangruppe — leukophan,
melinophan. /n Die Mineralien der Syenitpegmatitgénge
der siidnorwegischen Augit- und Nephelinsyenite. Z.
Kristallogr Mineral. 16, 246-293.

CANNILLO, E., GIUSEPPETTI, G., Mazzi, F. & TaAzzoLl, V.
(1992): The crystal structure of rare earth bearing
leucophanite: (Ca,RE)CaNa,Be;SisO12(F,0),. Z. Kristal-
logr. 202, 71-79.



NEW DATA ON MELIPHANITE 979

(a) (b)

54)
(5% (5%

(6%)

(4.6%)

Fig. 5. Topologies of the layers of tetrahedra. The vertices, which represent centers of tetrahedra, are colored; Si is green, Al is
grey and Be is blue. The vertices are connected to outline the polygons that define the two-dimensional net: (a) gugiaite with
Be at (5% and Si at (5%), (b) leucophanite with Be at (5%), Sil at (5°) and Si2 at (5%), (¢) meliphanite with Be at (5%), Al at (5%,
Sil at (5%), Si2 at(5%) and Si3 at (5°), (d) aminoffite with Be at (4.6%), Sil at (4.6%) and Si2 at (6*).

TABLE 6. COMPARISON OF MELILITE-TYPE STRUCTURES

Mineral Space Group ~ Cell A 71 2 X Ref*
skermanite Pizm  7.84,501 Ca, Mg (59 S, (5Y) 0, (6]
gehlenite Pa2m  7.72,5.09 Ca, A5 (SLAD, (5% 0, )
gugiaite P42m  7.43,5.00 Ca, Be (59 S, (5H) 0, 3)
herdystonite ~ P42ym  7.80,5.00 Ca, InGY S, (5 0, @
“soda-melilite” PF2m  7.63,5.05 (CaNa) ALY S, (5) 0, ®)
leucophanite P2,2,2, 740,741,999 (Ca)Na) Be(5) S, (5% (59 OF ©)
meliphanite yz3 10.51,9.89 (Ca)(Na), Be,(5) Al(5% Si, (5 (5) OuF, %)
aminoffite Pajn  9.86,9.93 Ca, Be, (6%4) Si; (64) (6" 0,,(0H), (8)

*Reference: (1) Kimata & Ii (1981), (2) Louisnathan (1971), (3) Yang ez al. (2001), (4) Bindi et al. (2001), (5)
Louisnathan (1970), (6) Grice & Hawthorne (1989), (7) present study, (8) Huminicki & Hawthorne (2002).



980

R & TazzoLl, V. (1967): The crystal struc-
ture of leucophanite. Acta Crystallogr. 23, 255-259.

DAL NEGRO, A., Rossl, G. & UNGARETTI, L. (1967): The crys-
tal structure of meliphanite. Acta Crystallogr. 23,260-264.

ERDMANN, A. (1840): Undersokning af Leucophan, ett nytt
mineral fran trakten af Brewig i Norrige. Akad. II Stock-
holm, 191-200.

GRICE, J.D. & HAWTHORNE, F.C. (1989): Refinement of the
crystal structure of leucophanite. Can. Mineral. 27, 193-
197.

HAWTHORNE, F.C. & SMmiTH, J.V. (1986): Enumeration of 4-
connected 3-dimensional nets and classification of frame-
work silicates. 3-D nets based on insertion of 2-connected
vertices into 3-connected plane nets. Z. Kristallogr. 175,
15-30.

Huminickr, D.M.C. & HAWTHORNE, F.C. (2002): Refinement
of the crystal structure of aminoffite. Can. Mineral. 40,
915-922

HurLBuT, C.S. (1937): Aminoffite, a new mineral from
Langban. Geol. Foren. Stockholm Forh. 59, 290-292.

KiMATA, M. & I1, N. (1981): The crystal structure of synthetic
akermanite, Ca,MgSi,O07. Neues Jahrb. Mineral. Monatsh.,
1-10.

THE CANADIAN MINERALOGIST

LouisNATHAN, S.J. (1970): The crystal structure of synthetic
soda melilite, CaNaAlSi,07. Z. Kristallogr. 131, 314-321.

(1971): Refinement of the crystal structure of a natu-
ral gehlenite, Ca,Al(Al,Si1),07. Can. Mineral. 10, 822-837.

SCHEERER, T. (1852): Melinophan, eine neue Mineralspecies.
J. prakt. Chem. 55, 449-451.

SMITH, J.V. (1977): Enumeration of 4-connected 3-dimensional
nets and classification of framework silicates. I. Perpen-
dicular linkage from simple hexagonal net. Am. Mineral.
62, 703-709.

Veasov, K.A. (1966): Geochemistry and Mineralogy of Rare
Elements and Genetic Types of their Deposits 11. Israel
Program for Scientific Translations, Jerusalem, Israel.

YANG, Z., FLECK, M., PERTLIK, F., TILLMANNS, E. & Tao, K.
(2001): The crystal structure of natural gugiaite, Ca,Be
Si,07. Neues Jahrb. Mineral., Monatsh., 182-186.

Received February 1, 2002, revised manuscript accepted
April 23, 2002.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


