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ABSTRACT

T\wo crystals of OH-rich norbergite from the Alpujarride Complex @etic Cordilleras) have been analyzed, and their
structue rfinedby single-crystal X-raydiftaction analysis. Tbe new dataconfirm the earlierrefinement on a comlnsition near
the F end-membr, and add new insight to the crystal chemistry of this humite-group mineral. In particular, hydrogen atoms
were located on the difference-Fourier map. l1eir position and the consequent stuctural constraints to the (OH)F-1 substiortion
suggest that OH-rich norbergite requirei very high pressure to crystallize, thus expLirining the normal occurrence of the
fluorine-dominant compositions.

Keywords: norbergite, humite group, structure refinement, electon-microprobe data, hydrogen.

Sotffens

Deux cristaux de norbergite relativenent riches en oII, provenant du complexe de Alpujauide' dans les cordilldre's betiques
d'Espague, ont 6t6 analys6s, et lur stuctre a 6td affin6e par diftaction X sur cristal unique. Les donn€es nouvelles confirment
les rdsultats de I'affinement ant6rieur, obtenu sur un cristal proche du p0le fluo€, et ajoutent des nouveaux renseiguements au
sujet de la cristallochimie de ce membre du group de la humite. En particulier, les atomes d'hydrog0ne ont 6td repdr€s sur une
projection de Fourier par diff6rence, D'aprds leur position et les contraintes structurales qui en d&oulent concernant la
substitution (OII)F-', la formation de la norbergite riche en OH requiert une pression assez 6levde, ce qui rend compte de la
pr6sence courante de compositions i dominance der fluor.

(fraduit par la R6daction)

Mots-cMs: norbergite, groupe de la humite, affinement de la structure, donn6es de microsonde 6lectotrique, hydrogine.

INrRoDUc"iloN

Norbergite usually occurs in nafure with compositions
near the F (fluorine) end-member composition, and
in fact is defined as a F-dominant species
(Mg2SiOa.MgF). Experimental studies on norbergite
have concenfrated on the F end-memberbecause ofthe
instability of OH-rich compositions in the common
range oftemperature and pressure. This has prevented
the location of H atoms and, tlus, a study of the
structural constr,rints concerning the crystal chemistry
ofthis substitution. This paper contributes to the study
of (OlI)F-r substitution in humite-group minerals.

The structure of norbergite was first determined
by Taylor & West (1929), who found it to be
orthorhombic, space group Pbnm, and described it as
being formed of alternating layers of olivine (MgzSiOa)
and brucite MgG,OIDrl. They used this scheme to
explain the chemistry of all tle humite-group minerals

following the hypothesis of Penfield & Howe (1894),
who described them as morphotropic, with the
general formula nMg2SiOa'Mg(F,OH)r, where n = 1
for norbergite.

Gibbs & Ribbe (1969) refined the structure of
norbergite with a crystal near the F end-member
composition. They also revisedthe crystal chemistry of
the humile-group minerals Sibbe et al. 1968, Gibbs &
Ribbe 1969, Jones at al. L969, Gibbs er al. L97O),n
which they modeled the various tg,tsturss using com-
binations of alternating layers of olivine and brucite.
They concluded that the model of Taylor & West
(1929) was misleading, as the real composition of the
two layers was Mg2SiO3(OH,F) and Mg(OH,F)O,
respectively. They also proposed that the key structural
unit for the humite minerals is (as in olivine) the
zig-zag chain of octahedra, and tlat the tolstelMgt
substitution mainly controls tle unit-cell pammeters
and, tlus, the unit-cell volume. In addition, they
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obtained a correlation befween ttre cell volume and
the ratio F:OH, which was anticipated on the basis of
the ionic radii involved.

Several syntleses of phases in ttre humite group
have been reported, mainly of norbergite and
chondrodite @ankama L947, Yan Valkenburg 1955,
1961, Christie 1965, Duffy & Greenwood lg7g,Irwln
1993). Most of them involve norbergite with different
octahedrally coordinated cations (Mg, Ca"Zn,Fe). The
norbergite end-member has also been synthesized
(Irwin 1993). No OH equivalent has yet been
synthetized and studied by means of X-ray diffraction.

There is another important substitution involving
the OH site in humite-group minerals: r6lTi4+O2t
I6lMgLr(OH)--2. This substitution occurs at the M3
octahedron in clinohumite and in chondrodite, in which
the increase of local charge at M3 can be balanced by
the loss of the H atoms, i.e., dehydrogenation @ujino &
Tak6uchi 1978).

MareRrAL

The norbergite crystals used for this work
(tly47 Nl, 0.59 x 0.43 x 0.39 mm and HV-43 N4,
0.39 x 0.36 x O.29 rr'm) were extracted from two
samples of metamorphosed and metasomatized
limestone GfV-47 and IIV-43) from Huerta del
Vinagre, a small scheelite mine in the Guadaiza Unit of
the Upper Alpujarride series, in the Betic Cordilleras.
These samples belong to a magnesian skarn formed
by the interaction between dolomitic marble and
magmatic fluids issued from the surrounding granites
(J. Currds, pers. cornmun.). In particular, the samples
are representative of an exoskarn composed almost
entirely of monomineralic metasomatic veins of calcite
and humite-group minerals, with rare fluoborite and
min61 serrpeltine (from the alteration of humite-group
minerals). The humite-group minerals in these samples
have very low Fe and Ti contents. In norbergite, the
t6lTi4+O2-2t6lM&r(OH)--u substitution is negligible
(TiO2 < 0.O2 vrtVo), whereas the extent of (OH)F_1
substitution is signifi cant.

E)<pEp.rlrffi.irAr, Pnoctnunss

The crystals were exFacted directly from pieces of
rock. X-ray data were collected witl an automatic
4-circle Philips PW1100 diftactometer, using graphite-
monocromatized MoKa radiation. The space group
was determined to be Pbnm;the unit-cell parameters
were calculated from a least-squares refinement of d
calculated for 56 rows of tle reciprocal lattice by
measuring the reflections in the range -35 < 0 < 35";
they are reported in Table L for the two crystals stu{ed.
Tbvo equivalent orthorhombic reflections (hkl and hkD
were collected in the 0 range 2-40'. The profiles were
integrated following the method of Lehmann &
Larsen (1.974), as modified by Blessing et al. (1974).

TABI.E I. OH.RICHNORBERGITE:
I]NITCELL PARAMETERS AI{D

SELECTED SRET' RESIJLTS

HV47 N1 HVtl3 N4
size (mm)
a (A)
b (A)
c (A)
v(A3)
z
Rqni
Extinc'tion coef.
wR2
GooF
R1e"

0.59x0.43x0.39
4.711(1)

10.275(3)
8.805(3)
426.2(2)

4
1.4

1.AE-02
3.47(1378!

1.084
1.€{1237)

0.39x0.36x0.29
4.710(1)

10.27e(3)
8.807(3)
426.4(21

4
1.4

4.36E{3
3.38{1377}

0.986
1.42(12121

Intensities were corrected for Lorentz-polarization and
absorption following North er al. (L968), and tle
equivalent pairs were metged, gving R* = L. Vo.

Weighted full-matrix least-squares refinements
were carried out using SIIEIXL93 (Sheldrick 1993).
The positional and atomic displacement parameters of
Gibbs & Ribbe (1969) were used as a starting model.
Scattering factors were taken from Intemational Titbles
for Crystallography: in particular, neutraf versas
ionized scattering-factors were used for the Si and 01,
02, 03 sites; F- versus O- for tle 05 site, and Mgz+
was refined against psz+ nthe M2 and M3 octahedral
sites according to what was suggested by Ungarcttt et
al. (7983). The oxygen atom involved in OH-rich
norbergite is called 05 and not R in accordance with
the usage ofAbbott et al. (L989).

At convergence, a difference-Fourier map showed
some residual maxima. Some of the highest were
ascribed to bonding electrons in the middle of tle
covalent Si-O bond. The second maximum was set
at l.O2 Afrom 05, and had a peak height of O.35 elAt.
It was inserted in the model as H, and refined witlout
any constraints (i.a., occupancy, isotropic atomic
displacement parameter and fractional coordinates
were allowed to vary). Both the r.uR2 factor and the
estimated standard deviations (e.s.d.) of tle refined
parameters improved signifi.cantly, and further residual
peaks with peak height greater than 0.2 elN were not
observed in a subsequent map. Selected indices of
ttre refinement are reported in Table 1. Final atomic
parameters are listed in Table 2, and selected
interatomic distances are reported in Table 3. A list of
the observed structure-factors may be obtained from
the Depository of Unpublished Data, CISTI, National
Research Council, Ottawa Ontario KlA OS2.

Both crystals were mounted in epoxy and polished.
They were analyzed for Si, Mg, Fe, Mn, Ti, Ca Cr, K
F and Cl with an ARL electron microprobe @MP)
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TABLE 2. SITE SCATTmING, FRACTIOIiIAL ATOMC C@RDII.IATES, AI{D
ATOMIC DISPI.ACEMENT PARAI\{ETERS FOR TIIE
CRYSTALS OF OH.RICH NORBERGITE REFINED
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y'c

0
0.21(5)
0
0
0
1.27(tl
o.tq9)

)2
l3
sl
ol
02
(r:l
06 s.86(r) 0.73471e4 0.$7Sq$ 0.0815(3) S.87(4 9.88(13) 7.38(12) e.34(12)

0
0.s(5)
0
0
0
{.re(l)
-27q1)

0.27n
4.21(5)
0.00(5)
0.3r(11)
{.0{r3)
{.06{e)
0.87(l)

The position of tne II atom is shown in Figure 1,
which ii a projection on (100) of the structure of
norbergite. The H atom points toward tle center of
$ymmeffy, at the center of a cavity surrounded by ryo
fu, octaheAra,four M3 octahedra and two Si tetrahe&a
(Fig. 2).Thus there are two centrosymmefric positions
available for H; the sarne situation was found by Fujino
& Tak6uchi (1978) in the case of titanian clinohumite.
The refined distance between the two centosymmetric
H atoms is 1.085 and 1.141 A for samples HV-47 and
IIV-43, respectively; the refined site-occupancy ofthe
H atom is rather low (Table 2), and is in reasonable
agreement with that independently obtainedforF. The
latter in also consistent witl EMP data (Tabb  ).

The local configuration prevents H occupancy in
norbergite to be higher than 0.5 (corresponding to 1.0
atom per formula untt, apfu). Owing to the cationic
arrangement around the cavity (Fig. 2)'.the strong
repuliion between two H atoms at -1.0 A cannot in
fact be avoided by bending the G-H bonds. Yamamoto
(1977 , Fig.4) found two independent positions (Hl
and H2) in hydroxyl-dominant chondrodite, anottrer
mineral of the humite group; he proposed a "parity
rule": two H atoms in the same cavity must occupy
positions not related by the center of symmetry. Thus,
where present, the H atoms should occupy two slightly
ffierent positions; he found them in a hydroxyl4ominant
chondrodite and named them Hl and II2. The coordinate
of H refined in this work agrees with those of Hl of
Yamamoto. Subsequent structure-energy calculations
by Abbtt et aL (19S9) confitmed the Yamamoto parity

12.2{1) 0.ser3q5) 0.se(2) 1tl 7.qn 5.e5(ll) 54q1) e.I114
12.20(r) 0.es97q4 o.63lq4 0.&0642) 5.S(5) 6.13(8) 5.8714 0.58{8)

0.4lsq4) 0.7lsq2) u4 4.21(4) 3.51[4 1.63(n 1.58(12)
0.7621q11) A.72121t41 1t4 5.6qS) 3.qt6) 6.54(17) 6.741n
a.2n671|f|l 0.5741(4) 1t1 5.9{S) 5.n(18) 4.60(1q Z1qla.
0.27fi1a0 0.7e107(3i 0.101t5(1) s55(6) 5.01(12) 6.1{11) 520(11)

H 0.?3(3) 0.881(9) 0.S(4 0.0'll(6) 43.7(r9.ll
HV47 Nl
| 2 1 2 . | { | ) 0 . 9 1 3 q q 0 . 9 0 5 s s ( 2 ) 1 t 1 6 . 9 7 r n 5 . 9 5 ( | l ) 5 . 5 7 ( 1 0 ) 9 . 3 8 ( . | . t ) 0 0 ' 0 3 5 ( 4
13 t2.t{li 0.eses0(3) o.ffilsili 0.4306qa 5.e3(5) 6.0q.4 6.1{0 5.6010 0.23(1) 0.5q5) 92€(5)
sr 

'- 
0.42001(1i 0.7lsa2i 1t1 1.3q1) 3.5614 5.00(6) 1.60t0 0 0 0'0(5)

or 0.761e{10) o.nwii) tt4 5.q? 3.6a15) 7.1{16) 6.341s) 0 0 4'08(12)
02 0.2r53(toi 0.5741i1i 1t1 6.26(4 6.0(16) 5.1(15) 7.53{16) 0 0 0.05(12)
03 0.2701q.0 0.7er0sa3i 0.tu2q1) 5.sqq 5.1411) 6.7s(1t) 5.24(10) r.tqe) { 19(1gl 1.14{e)
05 8.84(t) 0.n4zq6i 0.eo7s7i3i 0.0sl4e(3) s.sqo) e.ql2) 7.45(ll) s.241121 '0.2(e) -28110) 0.86(e)

' Retned sib scatlering in doctons.
botopicequMentabmic @acsmentpdamsHs (adp.) fi1d;adp. reof $ebm: sqlb2{a*Uirh2.-+2a'b'UuhkJl

equipped with four spechometers (RAP, PET, LiF200
and ADP) at ttre Dipartimento di Mineralogia e
Petrografia Universiti di Modena (only elements with
concentrations more than 2o above background are
reported in Table 4). Nafural mineral standards were
used for calibration. Fluorite from the Carrara marble
was used as the standard for F. The concentration
of fluorine was determined with the RAP crys-tal
(rubidium acid phthalate, hkl = lO0'2d=26.I2L A).
Analytical conditions were 15 kV and 20 nA. A
defocused beam of 30 Um was used. Counting time was
20 s on the peak and 4 s on background, measured at
both sides of the peak and approximated with a linear
function. Results of analyses were processed with
the program PROBE v3.52 @onovan & Rivers 1990)
The Phi-Rho-Z correction of Armstrong (1988) was
applied. The counting errors repofied in Table 4 are
tle calculated detection-limit (CDL) = [3 x (ZAF) x
(100 x I"/9n1lI5, where ZAF is the correction factor
for the sample matrix, Is is the count rate on the
analytical standard, Is is the background count-rate on
the unknown sample, and t is the counting time on the
unknown sample.

D$cussIoN

This study provided an accurate refinement of
norbergite having a composition richer in OH than that
reported by Gibbs & Ribbe (1969); it also allowed the
H atom to be locate{ and information to be gained on
the crystal chemistry of norbergite.
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si-o1
si-02
sF03
si-03
<si-0>
Vol
TOE
TAV
M2-01
M2-A2
M2-m [)e]
M2-05 [x2l
<M2-0>
Vol
00E
0Av
05-05 [M2l
M3-01
M3-02
M3-03
M3-03
M3-05
M3-05
<M3-0>
Vol
00E
0Av
05-05 [M3]
H-H
05-H

TABLE 3. OH.RICHNORBERGITE:
SELECTEDGEOME]3ICAL

PARAMETERS

HV'I3 N4 HV47 Nl

are very similar to the refined ones, except for the value
of the.r coordinate. The refined.r coordinates are nearer
to tle center of symmetry; tlis is reasonable because
of the low observed H occupancy. Therefore, at
maximum, only one singls II is present in each cavity
and can approach the center fe mini6iss repulsion.
No evidence for tle alternative positions in models
2 and 3 of Abbott et al. (L989) has been found on the
difference-Fourier map, thus confirming fhe predictions
made by energy calculations. In addition, Abbott et al.
(1989) calculated G-H distances (from 1.08 to 1.16 A),
somewhat longer than usually expected for an O-H
bond, which is also observed in the crvstals studied
CIable 3).

TABLE 4. CHEMCAL COMPOSrIION OF
oH-RICH NoRBERGITE (wPlo):

REST'LTS OF ELECIRON.MCROPROBE
AI{ALYSFS

1.612 (1)
1.63 (1)
1.63e (1)
1.63e (1)
1.6-32
2.201

1.0092
41.18
2.1u (11
2.043 (1)
2.183 (1)
2.017 (11
2j05

12.074
1.0209
68.34
2.967
2.121 (1)
z.ffi (1't
2.003 (1)
2.115 (1)
2.004 (1)
2.044l1l
2.0n

11.662
1.0173
57.11
2.718 (11
1.141(11
0.e72 (1)

1.611 (1)
1.63e (1)
1.638 (1)
1.638 (1)
1.63'l
2j98

1.0093
41.63
2.183 (1)
2.043 (1)
2.183 (1)
2.017 (1)
2.1U

12.069
1.0209
68.28
2.968
ztn $
2.176 l1l
2.004 (1)
2.114 (1)
2.004 (1)
2.043 (1)
2.0n

1't.659
1.4fi3
57.12
2.718 (1)
1.08s (1)
't.129 (1)

SAMPLE

no. poinb
dev nean

!

HV47ru43
dev

t

rule, and allowed the calculation of H coordinates for
norbergite. They considered either a cavity with one F
and one O in the 05 position (model 1), or two atoms
of O in tle 05 position; in tle latter case, two possible
configurations were assumed: one with both H pointing
toward the center of the cavity (model 2), and the other
ryith one H pointing toward the ceater and the
other pointing in the opposite sense, i.e., toward
ttre next cavity (model 3). Since the H coutent in tle
refined structures of this work is <<1.0 affi,its posi-
tion should be that predicted by model 1 of Abbott ar
al. (1989) (0.2153, -{.0409, -O.0109). The latter values

2e,24 (2) 0.31
0,24 0.00
0.10 (1) a.01
0.70 (3) 0.02

5s.52 (1) 0.37
14.20 (34) 0.31
2.13 0.15
5.98 0.13

100.84 0.7t

0.985 0.N5
0.0'f4 0.N0

0.N3 0.999 0.M5
0,w0 0.m2 0.N0
0.w2 0.020 0.a00
0.M 2.9& 0.010
0.M 3.011 0.010
0.437 1.513 0.A32
0.037 a.478 0.N3
0.N1 0.m9 0.N1
0.M3 4.010 0.N5
0.019 0.757 0.016
0.0@ 0.004 0.w

si
B

Si02
&oJ
liOz
FeO
Mgo
F
(HzO)*
O=F
TOTAL

E tet
Ti
Feb
Mg
t oct
F
OH
o'
I Cations
X(F)
X(O2J
x(oH)

29.17 (2) 0.02
0.24 0.N
0.0e fr) 0.01
0.66 (3) 0.47

59.46 (r) 0.32
M.4A H) 0.36
2.02 0.17
6.06 0.15

100.63 0&

0.999
0.002
0.019
2.W1
3.012
1.537
0.4!l
0.m9
4.011
0.768
0.ffi
0.27

0.985 0.W3
0.014 0.040

0.0160.019 0.239
'calculated by stoichiometry; f from SIMS analysis
dev = variaton within the sample calculatod as the

standad deviaton of no. of point analysis
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Fig. 1. A projection of the norbergite structure on (100).

There are few published chemical data on
norbergite in the literature, and it has to be considered
a rate mineral. In particular, no OH-dominant
norbergite has been described until now, all the pub-
lished information pertaining to F-rich (>1J apfuB)
material. In principle, this could be related only to
incomplete sampling; however, the discussion above
suggests that a stable structure of norbergite should
contain at least 1.0 F apfu. For OH content greater
than 1.0 H apfu, both the Hl and H2 positions would
have to be simultaneously present, as is the case for the
OH-dominant chondrodite synthesized and reflned by
Yamamoto (1977), resulting in strong H-H repulsion.
This structural constraint can be overcome by high

pressure. In fact, Yamamoto's chondrodite was
synthesized at77 kbar and 1125oC, and synthesis of
OH-dominant norbergite would most probably require
still higher pressures. Ribbe (1979) suggested that
OH-dominant norbergite is not expected to be stable
except to very high pressules (>150 kbar) since
"proton-proton interactions serye to expand the struc-
tures of OH-rich humites considerably more tlan is
indicated by comparing M-O,ROH bond lengtls".
Such conditions for the crystaltzation of norbergite
are not common in nature, thus explaining the usual
occlurence of fluorine-dominant n6ft61gi1s.

Table 5 shows bond-valence calculations according
to the procedure of Brown & Altermatt (1985), based

L527



t528 THE CANADIAN MINERALOGIST

Fig. 2. The relative position of two centrosJ.mmetric H atoms
in norbergite.

on the mean bond-lengths of tIV-43 refinement and:
(a) &e actual composition, (b) the ideal F-only end
member, and (c) the OH-only endmember.Among the
two end-members, a lower charge imbalance is
obt4ined for 05 if the site occupancy is near I apfu F.
In the OH end-member norberglte, the positive charge
imbalance at the 05 site may indicate that a longer
M-O5 bond is required. This would further push the H
atoms towaxd tle center of the cavify.

A timited t6lFe2+t6tM&r substitution is present in
the samples examined here. The reluctance of Fe2* to
enter sites coordinating F anions is well known, and
thus no high concentrations ofFez. are expected in the
norbergite structure. Invin (1993) managed to synthesize
F-only norbergite witl Fez* contents higher than those
reported here, but they are still very low: Fe/@e + Mg)
= 0.07; in that instance, Fel was found to be disordered
over IuI2 and tuR. The composition studied by Gibbs &
Ribbe (1969) is intermediate between tlat of kwin
(1993) and those examined here.

T\e M3 site could be a better host to smaller but
66ae highly charged cations, such as Tl orFel. This is
tle case for titanian clinohumite where, according to
Fujino & Takeuchi (1978), Tl enters M3 following the
substitution t6lTi4+O21t6lMg_r(OID_2. The samples
studiedhere present very low Tl4 and very liffle, ifany
Fer+ content is expected in the norbergite structure,
since Irqdn (1993) synthetized tle F end-member at
conditions 6f high.flO), and no Fee' was incorporated.
The higher distortion of the M2 site [t'tzOAV (Octahe-
dral Angle Variance: Robinson et al. (I97L)1, -68"

versas mOAY -57, should favorFe2* orderingatM2,
Minor but significant differences in site scattering
between M2 ard M3 Clable 2) are in agreement witl
this hypotlesis.

The substitutiel talltalgl, has previously been
reported for chondrodite (Hinthorne & Ribbe 1974).
Also BO6Fq, structurally equivalent to norbergite, has
been synthetized by White et al. (L965). Thus, a limited
t41Bt4lsi-r substitution is possible in norbergite, as
suggesled by the slightly low SiO2 content (Iable 4). A
SIMS (Secondary Ion Mass Spectrometry) analysis
performed on the refined crystals at the CSCC-Pavia
indicates a maximum B content of -0.24 wt%o b2Q3,
i.e., -0.0L4 apfu, whrch appears to be inversely
correlated to SiO2. I suggest that this substitution is
present to a minor but significant extent. Since the Tl+'
is less than O.OO5 apfu, the deficiency in charge at the
tetrahe&al sites needs to be compensated by means of
either another high-charge octahedrally coordinated
cation or a loss of H. The former would imply that all
the Fe present might be Fe*, and that all the excess
charge at the octahedral sites could be balanced with
ffus tallra]$i-r substitution in the absence of dehydro-
genation. No direct data about the Fe3'content are
available; the R! at tle tetrahedral sites has been
compensated by dehydrogenation (OH + F + O must
be 1)" as assumed in the recalculation of the formula.

TABLE 5. BOND-VALENCE CALCULATIONS
FOR OH-RICH NORAERGM AND NORBERGMf

a) tlvrt{i N.4

o1
02
o3
o3'
05
o5'

b) norberglt€

ol
02
03
o3
05
05'
:

I/2.

0.265
0.s0
0.&

0.332

1.852

0.265
0.3@
o.re

0.308

1.W2

1.gx)
1.m

1.97e
't.2j35
o.242

1.@7
0.959
0.95/

0.205
0.3@
0.266

o.417

2.Vi

ol
02
03
og
05
o5'
:

ilr3

o.314
o.271
0.4{r3
0.320
0.34{t
0.308
1 .m

0.314
o.271
0.4tx!
0.t20
0.318
0.286
1.%2

0.314
0.27',1
0.4{x}
0.P0
0.rl{tl
0.387
2.1$

s i r

1.87 1.SU'l
0.959 1.890
0.95/

1.Sn

0.984
3.910 4.257

1.9t0
1.@

1.970

0.913
4.&

1.67
n 060

0.957

c) "OH-norbsrgit€'

t scaordlng b Brwn & Altsrrd (1S5), md qrsrssd h valsr|ca latta.' Indloates the longer rt,rq@,Oo bond longo. roH-norberglb' ndb'r t0 tho
hypothete! oH ordffmber.
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Electron-microprobe analyses carried out on the
refined crystals yielded F contents slightly lower than
those obtained by structure refinement (L.53 versus
L.72 apfu). This could be due to analytical problems
with EMP determination of fluorine concentrations.
During the analyses, special care was taken to identify
possible interference witl Fe or Cr, for peaks and
background. Owing to the high fluorine content of the
studied samples (upts l"Awtvo), a natural standard with
a silicate maftix and comparable fluorine content could
not be found; therefore marix effects are possible and
ditficult to evaluate.

In a study on the synthesis of humite-group minerals,
Dutry & Greenwood (1979) obtained by least-squares
regression a number of equations relating unit-cell
parameters and unit-cell volume to the F/(OH + F).
However, they used the proportion of these anions in
the reagenl mixture to calibrate the F(OH + F) ratio of
the mineral products. The most sensitive and reliable
of these equafions is that concerning the c dimension,
which is reasonable since the b'rucite bands alternate in
tle b direction, but there is also an alternation in the c
direction. Calculation of F(OH + F) as a function of c
gpve = O.74 apfu.T\is is slighfly lower than the mole
fraction (0.85) obtained by single-crystal structure
refi:rement, but is nearly the same as found by EMP
(Table 4). As noted earlier, EMP analyses may be
affected by analytical problems at high F contents:
however, site scattering of F may be affected by
erroneous assumptions in tle refined model, and the
calculation according to Dufry & Greenwood (1979)
may be hamperedby the lack of analytical data on their
products. This discrepancy can only be overcome by
an independent estimate. A SIMS analysis for the
independent evaluation of H and F in this matrix is in
progre$s, but it requires accurate calibration curves for
such an uncommon matrix.
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