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ABSIRACT

Hogruvaite, essentially (Ca Na)z Ge2+, Fe3', Ti, Mg, Mn, Sn)6 (Si, Be, Al)6 026, is a new beryllian member of tlte aenig-

matite-group that was diicovered ii Nordland County, Norway. it is a metamirptric mineral, hosted by hoterozoic granitic

gneissei -d -afi" pegmatites of metamorphic origin Compositional variations withirr and between gneiss-hosted samples of

Ipgtouat" are minimal; however, p"gmatir"-ttort"i samples of hogtuvaite are significantly differen! goo]alllnq le-ss Al and

Snland more Ti and Mn, than thoie tim tne gneirro. Tde 
"o-position 

of tpe h6gtuvaite (invt,Vo) is CaO 10.44' Na2O 1'52,

reb zS.OO, Fqo3 19.03, TiO22.77, nago O.Iz, Mno 0.27, SnQ O.S:, sio2 31.60, Beo 2.65, *ou2.Y. Hogtuvaite forms

black, elongad, poimofU.ti" ..ystals. It has a dark green streak, an uneven fracture, two good cleavage directions' and a non-

metallic subadamantine luster. it is nonmagnetic, ii not fluorescent, and does not react to most common acids and bases'

However, it does dissolve slowly in cold hftrofluoric acid. Its measured density is 3.85 g/cm3, and the calculated density is

i.SS g!"d.The mineral is opaque to subtransparen! biaxial negative (?) with3 large 2f, strongly pleochlgig @rgAJg"gfq
anOti lso t.Zgand/1.82.i t istr ict lnic(pseudo-monocl inic), ipacegroupPT,withal0.3lT(1),b10.724(l),c8.855(l)A'a
105.77(1f, p 96.210)., \ 124.77(l)", Vin.q1) L3, and Z = Z. en sample9 are {rtensely polysyntheticalll-Ygd:9"

srrongesi seven X-ray powder-diifiaction lines td in L@(hkD1 are 2.5293(100)(420), 8.048(90)(010)' ?.0979(63)(251),
2.gi7(5g)(031;Z3ieigA1ilt),2.0747(4T@nJ and 3.125(46)(021). A new and uniquely indexed set of_X-ray powder dif-

fraction data for aenigmatite is presented. The name hggtuvaite is hspired by the highest peak near the type locality.

Keywords: hggtuvaite, new mineral, composition, X-ray dat4 aenigmatite, Norway.

Sotwtarne

La hogtuvarte, essentiellement (C4Na)2(Fe2+,Fe3+,Ti,Mg,Mn,Sn)6(Si,Be,Al)6Ozo,_est un nouveau membre du groupe de

laenigmftte, d6couvert dans le comt6 de N-ordland en Norvdge. n s'igit a'un mindrat m6tamorphique faisant partie de gueiss

granitiques protdrozolques et de pegmatites mafiques d'origine m6tamorphique. Lesvariations dans sa cornposition dans un

&hantillon ou entre fchantillons ite"gneiss sont minimes; toutefois, la hOgtuvar'te des &hantillons de pegmatite contient moins

de Al et Sn, et plus de Ti et Mn. La-composition chimique de la hg$uv;irc type (%,-poids) est: CaO 10.44, Na2O 1.52' FeO

2s.06, Fqoj t;.M,Tio22.77 Mgo 0.42; Mno 0.2i, s;o2 0.53, sio2 31.60,Beo2.65, N2o32.64.L'a\6cnryarte se presente

en cristati. ioin, allong6s 
"t 

poecilobl*tiqo"s. Elle possdde une rayure vert fonc6, une fracture in6gale, deux bons clivages' et

un 6clat sub-adam*tio oon -6t lique. C'ist un min6ral non magn6tique, non fluorescent, qui ne r6agitpas avec la plupart des

acides et bases communs. Toutefois, elle se dissout lentement dans I'acide fluorhydrique froid. Sa densit6 mesur6e est 3.85, et

sa densit6 calcul6e, 3.98. Elle est opaque i sub-transparente, biaxe n6gative (?) avec un 2V important, fortement pl6ochroique

(couleur bronze d vert), et possbde on indi.. de r6fuction oC de 1'78, et un indice / 9: 1.83. La-h/eglvar.T e;tllcliniUue
(pseudo-monoclinique), gioupe spatial Pf, avec a 10.3L7(l), b 10.724(l), c 8.855(l) A, a 105.77(l)", p 96.21'(1)",

i nqfi 0)" , v 730.40) F, et2 =2. Tous les 6chantillons sont fortement macl6s de fagon po[synth6{qg. T: sept raies les

itus lntensel du clicir6 de diffraction (mdthode des poudres) ld en A(D@k[)l,sont:2.5293(100)(420), 8.048(90X010)'

i.Wg<n>f25q,2.g247(5q(6D,2.6761(4q@D,2.A747(47)(4il) et3.125(46)(V2l). Nous pr6sentons de nouvelles.donn6es de

cliffraction X index6es (m6thode <te.s poudres)pourfaenignatite. le nom s'inspire du plus haut sommetpGs dela localitd type.
(Iraduit par la Rddaction)

Mots-cl6s: hogfuvalte, nouvelle esp&e mindrale, donn6es de diffraction X, aenigmatite, Norvdge.

- D.""*"d 1991-
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EXPLANATION

ical arguments required for the proposal of hogtuvaite
as a new mineral species. The Commission on New
Minerals and Mineral Names of the International
Mineralogical Association approved hpgtuvaite
(90-051) as a new mineral. Type material is on
deposit at the Mineralogical-Geological Museum,
University of Oslo, Oslo, Norway and the Smithsonian
Institution, Washington, D.C.

OccunnsNcs arvl Gpotocrcar Sprrrnc

The type locality for hogtuvaite is approximately
7 km southeast of H6gtuva (a prominent coastal
mountain) and approximately 16 km northwest of
Mo i Rana, Nordland County, Norway @g. 1). The
approximate latitude, longitude and elevation are
66"24'15'N, 13o52'35" E and 400 m, respectively.
H6gtuvaite is named for the nearest significant

IvrnooucrroN

Hogtuvaite was discovered in 1983 by Ingvar
Lindahl during an uranium exploration program in the
Proterozoic Hpgtuva Window of the Norwegian
Caledonides (Fig. l). The mineral megascopically
resembles hornblende, but has a slightly different
luster and cleavage. Optical, X-ray, and chemical
examination of the phase confirmed that it is not an
amphibole, but did not lead to an unambiguous identi-
fication. Considerable effort was spent on single-
crystal X-ray investigations, which were complicated
by ubiquitous polysynthetic twinning. Identification of
the pseudomonoclinic character of the phase bv
Howard Evans led to the recognition of its aisociation
with the aenigmatite group. D.M. Burt's vector-
analysis definition of chemically permissible end-
members of the group (Burt 1994) provided the chem-

Foliation" amphibolite and
biotite schist

Beryllium qes- and t)"e locatiry
ot hpgtwaite

Frc.

ID
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Fro. 2. Type samfle ofhogtuvaite.

geomorphological feature, Hpgtuva, which attains an
elevation of L 268 m. A geological description of the
area is provided in Lindahl & Grauch (1988).

Hpgtuvaite occurs principally as a late-stage,
poikileflzslis, metamorphic mineral in poorly foliated,
polymetamorphic, peraluminous granitic gneiss. It is
concentrated and randomly oriented in planes of folia-
tion (Fig. 2). H4gtwaite constitutes up to approxi-
mately L5Vo by volume of the host gneiss. Minor
amounts occur in small, mafic pegmatites of meta-
morphic origin that crop out sporadically in the
terrane. The h6gtuvaite-bearing gneisses are a minor
component of an Early Proterozoic (l 700-1 900 Ma)
complex that hosts a small, stratabound beryllium
deposit. Hggtuvaite has been used as an indicator
mineral for beryllium ore that consists of phenacite-
rich gneiss. In addition to beryllium, the gneisses are
unusually enriched in the rare-earth elements (espe-
cially the heavy rare-earth elements), zirconium,
uranium, fluorine, and tin. Minerals associated with
hogtuvaite include quartz, albite, microcline, biotite,
phenacite, zircon, fluorite, calcite, chlorite, magnetite
[commonly with lamellae of pyrophanite and, rarely,
cassiterite, according to Grauch & Lindahl (1984)1,
and minor amounts of gadolinite, danalite, genthelvite,
allanite, titanite, pyrochlore, thorite, uraninite,
fergusonite, euxenite, kainosite, tlalenite, yttrialite,
fluocerite, wolframite, apatite, sphalerite, galena,
molybdenite, chalcopyrite, arsenopyrite, and pyrite.

Our understanding of the conditions of formation of
hOgtuvaite is based on indirect evidence. The gneiss

units that host the hpgtuvaite form one of several large
hecambrian windows in the Norwegian Caledonides
(Fig. 1). At least two poorly developed foliations are
present in the gneiss. The youngest foliation apparent-
ly developed during Caledonian metamorphism and
nappe formation. It i$ not known whether or not the
Hogluva Window is autochthonous, but at least parts
of it were subjected to metamorphic conditions similar
to those that affected the surrounding Paleozoic rocks'
Kyanite-staurolite-bearing mineral assemblages in the
surrounding Caledonian metasediments and
biotite-garnet (quartz-free) rocks within the Hogtuva
Window suggest the existence of amphibolite-facies
temperatures and pressures during the crystallization
of hpgtuvaite in the young foliation planes of the
Precambrian gneisses. The lack of appropriate whole-
rock compositions (such as those of pelites) in the
HAgnwa Window has hampered the determination of
the exact metamorphic conditions in which hogluvaite
formed.

AppuARANcs AND PHYSIcAL Pnopnnrres

Hpgtuvaite forms prismatic black cry$tals up to
4 cm long, with a maximum diameter of approxi-
mately 6 mm. Crystals have well-developed striations
parallel to the axis of elongation and a pronounced
parting approximately perpendicular to that axis. The
crystals generally occur as individuals, but radiating
groups of tlree or four have been observed (Ftg. 2).
The poikiloblastic nature of hpgtuvaite is megascopi-
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Ftc. 3. Thin section of gneiss host of the type hOgtuvaite (euhedral, black crystals).
Matrix is predorninantly quartz, phenacite, biotite, albite, and microcline. Plane-
polarized, transmitrsd light. Field of view is 4.6 cm wide.

cally observable and readily apparent in thin section
(Fig. 3). The physical properties of hOgtuvaite are
summarized in Table 1" and contrasted to those of
other members of the aenigmatite group in Table2.

The difference between the measured density,
3.85 g/cm3, and the calculated density, 3.98 g/cm3,
may be attributed to the ubiquitous inclusions of
quartz and other phases and to the difficulty in estab-
[shing accurate and complete compositional data for
the grains used in the measurements of density.

OFncAL PROPERTES

Because of the nearly opaque character of hOgtu-
vaite, its optical properties have been incompletely
determined. Ultrathin sections (<10 pm in thickness)
were used for the optical deterrninations. Hpgtuvaite is
biaxial negative(?), with a large 2V. Pleochroism
is very strong, ranging from bronze to grcen. Indices
of refraction (d L.78 nd ( 1.82) were estimated by
the reflected light, two-media method. Reflectance

TABLE 1. PHYSICALPROPERTIES OF HOGTIryAITE
FROIVI NORDLAI.ID @uNTr. NORWAY

Colon Black
SEeak" Mgrcen
Iarsten Nmmetallic, subadamad@
Transparency: Opaqng 0o sbtransbc€tr
Fluorescence: Nsre
Hsdtess: 55 (Mds)
Oeavagu T*o good directios at abqrt 55'
Pdting: Impqfect prtiag, ryproximately perpdicular to lb axis of elongation
Tenasit'': Bdftle
Fracmre: Uneven
D€osity (mea$rod): 3.85 (.O2) e/cm3neasrod): 3.85 (.O2) g/cmr (Ctcici solutim);

3.853 g/cm3 Gy@neter)
(calcplaFd): 3.98 g/cm3 (using V;=730.4 A3, mue8?4.W gd7Fzl

tvlagretic No
Reactim to acids ad bases: Hogbvaite is not obviorsly atresbd by oold slfuio

api4 acetic acid, Edrocnorio aciCI dtric arid, perchlodc aci4 arya regia
ammmium hydroxie, sodium tydroxide, o potassiun hydroxido. It does
dlssolve slovly ud withmt effenrcsg@ in cold hydrofluoric acid.
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measurements were made with monochromatic light
(540 nm) in air and in immersion fluid (n5a6 = 1.518).
Calculated absorption-coefficients for the a' and ̂ (
directions are 0.31 and 0.28, respectively. The
reflectances (in Vo) in air and oil are Ro, 9.05(10),
V.32(8), andi-\, 1.48(4), and i'V l.5l(4). Enors
are 2c, based on l0 measurements iri each direction.
The optical properties are similar to those of rhiinite,
but distinct compared to those of other members of the
aenigmatite group (Table 2).

CIDMISTRY

The simplif ied formula for h@gtuvaite,
(Ca,Na)r(Fe2+,Fe3*,Ti,Mg,Mn,Sn)u(Si,Be,Al)6O26, is
derived from the empirical formula (Ca1.6Nao.n )2r.ou
(F ez+.r.orF e5+ r.e6Tio.r9Mgo.orMno.s3Sns.e3):s.ss(Sia.oo
Beo.e2Als.a5)>5.e7O2s. The empirical formula is based
on the average composition (Table 3) of four samples
of  gneiss-hosted hogruvai te (N82-70,  N86- lA,
N86-lB, N86-3). Samples analyzed by wet chemistry
and inductively coupled plasma - atomic emission
spectrometry (ICP) consist of splits of hand-picked
fragments of crystals. The fragments were generally
less than half a millimeter in long dimension and were
as free as possible from inclusions. Samples analyzed
by electron microprobe are from three different hand
samples. Two of the compositions pertain to the type
specimen (N86-lA and N86-1B); the other two
(N82-70 and N86-3) are of samples from the type
area.

Major components (Table 3) were determined by
ICP by J.G.  Crock and J.L.  Seeley at  the U.S.
Geological Survey, using the technique of Uchte et al.
(1987), by electron microprobe, or by both techniques.
FeO was determined at the Norges geologiske under-
sgkelse using tle technique of Graff (1983) and at
the U.S. Geological Survey by E.L. Brandt and
L.L. Jackson using the technique of Peck (1964). No
significant differences exist in the two data sets. The
concentration of beryllium was determined by ICP.
The major-element compositions of hpgtuvaite and the
other members of the aenigmatite group are compared
and contrasted in Table 2.

Mijssbauer determination of Fe3+/Fe'* by D.
Sherman using a simple two-doublet f it to the
M0ssbauer spectrum yielded a value of 0.618. Using a
more complicated four-doublet fit, the value is 0.59.
Both are in excellent agreement with the value, 0.61,
obtained by wet chemistry and inferred from electron-
microprobe results. The Mdssbauer data suggest mul-
tiple sites for the iron.

The concenration of trace components (Table 3)
was determined by ICP. Coulometric Karl Fisher titra-
tion (Jackson et al. 1987) was used by L.L. Jackson;
no structural water was found. That result confirms
thermal gravimetric analyses (TGA), which show
about 0.25Vo weight loss (adsorbed water) at 100oC
and minor weight gain (oxidation of iron) at approxi-
mately 800'C. Electron-microprobe analyses (wave-
length dispersion) showed the absence of fluorine,
phosphorus and potassium. Energy-dispersion analy-

TABLE 3. CITEMICAL COMPOSITION OF HOGTWAITE
FROM NORDLAND COTJNTT, NORWAY

Sample no.
Host rock
N*,f
sio2
AlzQ
BeO
Fe203
F€O
FefO
riq
SnO2
MnO
Mgo
CaO
Na2O

TOTAL

r ThisisttnpreferrodcompositionofhOg[naito,basedmanalyticalrffirltsobtaincdmgEirs-
hostedsamples. t* Nisfbnumberofanalysesperfcmed. Erro8arelo; &eyarenotlepot€d
rviere the number of analysas for a specific etrement is insuffici€nt for reasoable statistics. The
propotior of FerO, is detemrired by difruence betee€n lotal Fe and FeO. Fe,O is frg tobl Fe
calculatEd as FeO. Trace components of N86-l (determined by ICp and quotEd in ppln) ue: B
95, Ba 10, Ce 3J0, Cr 5, (} d, (tt ?.6,8t t.s,Ho 44,La l4S, Li 50. Nb 1,110, Nd 165. Ni <10.
Pb 170, Sc 5, Sr 35, Th 570, lJ 2s,v 23. Y 12S0, yb 410, and Zn 520.

Hogtuvaitet NE2-70 N86-lA NE6-IB N86-3 N86{B
Seiss gneiss grreiss gneiss pegmatite

37 26 25 28 25
3t.60 32.2114.77 3t.51+f.74 31.5310.58 31.04+0.79 32.t5*t.t7
2.64 2.221{.32 2.75t{.t6 213rfi.tt 210+t.29 0.93+0.25
2$5 2.47 2.83

t9.03 1E.87 20.02
28.06 28.U 27.41

45.42lJ69 45.4A2.48 45.23+1.38 45.58*l.2$6 44.7t*t.49
2.77 3.7418.27 2.2U4.12 2.2644.t9 2.62A.37 4.r7a{..23
0.53 0.49 0.50{.17 0.54+0.16 0.53a4.13 0.1610.05
0.27 0.2A 0.29+0.09 0.27fi.07 0.28+0.0E 0.52*{.07
o.42 0.50$.19 0.46+0.10 0.43+0.12 0.29J{..06

to.44 10.?2+0.3E t0.97r4.34 10.92+0.25 l0.E?d{.51 10.16$.33
1.52 l.3l+0.20 1.34+0.15 1.37+0.25 I.?E+0.19

99.93 99.36 100.49 95.28*1.55 95.42i!1.83 94.87*r.96
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ses did not detect any elements tiat were not sought
by other methods.

No significant compositional variations were
observed within single crystals or between crystals in
the same polished thin section. Only minor variations
exist between crystals from different gneiss samples.
However, hpgtuvaite crystals from a small, mafic
pegmatite of metamorphic origin (Table 3, sample
N86-68) exhibit minor variations in the same
polished thin section and are significantly different
from h6gtuvaite in the gneiss samples. The pegmatite-
hosted samples contain more Ti and Mn, and less Al
and Sn, than the gneiss-hosted samples. These varia-
tions may reflect variations in host-rock composition
and are to be expected because of the large number
and variable sizes of cation sites in aenigmatite-group
minerals.

Cnvsranocnapnv

X-ray powder-diffraction data for h@gtuvaite
closely resemble those of the other minerals of the
aenigmatite group (Table 2). As shown originally by
Kelsey & McKie (1964), this group of minerals typi-
cally is riclinic, but has a crystal structure that is
metrically close to being monoclinic. Therefore, in

TABLE 4. IJNIT CELLS FOR HOGTWAITE AND AENIGMATITE

order to adequately refine tlte unit-cell parameters of
h6gtuvaite, the powder data had to be preindexed on
the basis ofintensity values predicted from the closely
related structure of aenigmatite (Cannillo et al. l97L).
In this way, 28 20 values could be unambiguously
indexed, and these were used for least-squares refine-
ment of the triclinic unit-cell constants. The powder-
diffraction data were measured from Guinier-Hiigg
patterns made with CrKcrr radiation (),' 2.28970 A),
which provided maximum resolution of the diffraction
maxima. In order to adequately compare the powder-
diffraction patterns of hogtuvaite and aenigmatite, we
had to generate unequivocally indexed powder-
diffraction data for aenigmatite. The data were
measured for aenigmatite from Pantelleria Island, Italy
(U.S. National Museum of Natural History, No.
C2580), and47 20 values were used to refine the unit
cell of that mineral. The resulting unit-cell data for
both aenigmatite and hpgtuvaite are given in various
comparative orientations in Table 4 and are compared
to the other members of the aenigmatite group in
Table 2.In order to emphasize the differences between
the minerals, the unit-cell data were calculated using
the conventional triclinic setting defined by Kelsey &
McKie (1964). The observed and calculated powder-
diffraction data for hpgtuvaite are given in Table 5,
and the new data for aenigmatite are given in Table 6.
The data for aenigmatite represent the most complete
and rigorously indexed set of powder-diffraction data
available in the literature for that mineral.

DrscussloN

The crystallography and crystal chemistry of h@gtu-
vaite, as shown by analogy to the crystal-structure
analyses of aenigmatite (Cannil lo et al. L97l)
and rhdnite (Bonaccorsi et al. 1990), are extremely
complex. The structures are based on complex alumi-
nosilicate chains, consisting of pyroxene-like chains
with extra tetrahedra attached alternately on opposite
sides, having the composition [T6Ors]n. The structure
(Cannillo et al. l97l) contains six tetrahedrally coor-
dinated sites, seven octahedrally coordinated sites, and
two 7- or 8-coordinated sites. Although each site is
structurally distinct, the chemical content is not unique
and consists of mixtures of various cations, which are
generally assigned to each of the three types of sites
according to their characteristic coordination-numbers.
Thus, the formulas ofthe group are usually reduced to
LAl2LM6O2llT6O1sl, in whichA = Na, Ca; M =Mg,Fe,
Ti, Mn, Sn, Sb; Z = Si, Al, Be. H@gtuvaite is distinct
as a separate mineral on the basis of its relatively high
Be content, which is sufficient to correspond to one 7
site per formula unit. See Burt (1994) for a discussion
of the permissible composition-space of hogtuvaite
and the aenigmatite group. Table 2 summarizes, com-
pares, and contrasts the physical and chemical differ-
ences of the aenigmatite-group minerals and clearly

Mineral t{sgtuwits
Ielity Nordlud Courty, Nomy

Conventional triclinic uit cell., spu group PT
ro.3 l7 ( l )  A
t0.724 (r)
8.855 (l)

105.77 0F
e6.21 (l)

ru.77 (1)
z:o.q (r) Ar

Amig@tite
P0tellqia Isl@d, Italy

to.4t7 (2)
r0.817 (2)
8.92e (t)

104.86 (r)
.77 (2)

t25.54 (2)
74s.8 (2)

12.144
29.621
t0.416
89.85
127.24
89.83

8.930
.9.734
10.416

l l4 .3 l
96.77
64.98

Psdomoaolinic uit @[', sp@ group Af

b

q

I

c

p
'f

a
b

p
.T

Reduc€d triclinic unit cell,, sprc group PT

11.908

10.317
90.00

t26.44
90.03

8.855
9.760

10.31?
n4.39
96.2r
64.50

Note: Unit-ell pmet6 w derived by lsst-squs ualy3is of powdq data
Aom Tabls 5 md 6.

' Correntional ticlinic rening defined by Kelsey& McKie O964).'Psdomonmlinio cell of Cmilo et al. (1971), origin centeB at 0,0,0; 0, l/2,
112', rf2,l/4,ll4:'1,,,314,3/4. This is the M ell ofMolino (1970).
Tnndom eflentional to monmlinic ell by: 0ll/-1, -2,Arc0.

a Staodud redqaed uit ell Mghell I 976). Trosfom @nvedional to reduc€d
e[ by: 0Ol/l l0/100.
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TABI,:E 5. FOWDER-DIFFRAC'IION DATA FOR HOGTUVA1TE FROM NORDI,AND CICUNTT' NORWAY

h t t dcalc I@b dds lobs 2&bs h k l  d a l e  l c r l c dobs tds 2&SB

23rM 3 59.rm

23068 13 60509
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0 l
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- 2 0
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l 1

1 0

o 2
0 1
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- 3 3
-1 2
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2 4
- 2 0
3 0

1 4
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4 2
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2 0
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o 2

- J l

-1 4
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7.3W 13
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4,Tn 44
4.383 4l
4380 3 I
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4.114 t2 )
3J63 t7
3.695 30
3,435 30 I
3.431 31 I
3350 2
3246' 5
321 1
3.169 2
3.175 I I
3.n3 2 )
3.tD, A1
3.121 5E l
3.055 'l
2,98r'.t 21
2s834 1 J
2-q721 7
292rB 621
2,9244 63 J
2gtrta N
Ln6 n
2:tw 5L
L7tt3 tL
2.6758 %l
2.674 X I
L f f i E
25/60 ll
xa4 741
25'93 rfi |
252s 74 J
25172 14
x053 13
L4633 6
2"4547 151
L4*r 15 |
L4rL4 381
2.W7 40 )
23949 m
2,y.50 9
2.1244 8

8.048 90

738E lJ
6353 L3
u % a
4.385 3

4.1?8 13

\JA $ 35.411t
3,@5 19 36.W8
3.435 r',l 38.943

3345 E 40.034E
3A1 2 41291r
3n 2 41.633s
3.18E 3 ALc,ff
3,t'16 4 42261

3.tx 6 4\X1

16356

l?.830f
?AJ65S
n.@Lt
30268

3lJ10

260E4 3 48.163
e704 l0 48318t
21550 n 49.L@s
2X,18 t0 49.w8
2.6'161 I fr.65'l

2S,'3L@ 53.W

23t57 't 54.148
25c62 6 y3568
LM 14 55374
145Jr 9 J5J91

2.4t6 n 56.Jrc

5?.1 10t
5&,|695
58.995

4 l

n l
o l

6 l

{ ' l
: l

J

6
70' l
6 l
e l

l t l
6
4 l
a l

l e l
19 I
5
4 1
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o l
7 l
6 l
6_ l
t

A I' I

4 l
4 l
3 l
J

1 1' I
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5
2
I
2
2 f
3 l
6 l
4 1
4 J
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4 4
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4 L
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o 4
0 - 2
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4 3
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0 - 1
3 - 5

-l 0
2 4

- 2 0
- 4 0
4 4
4 - t
4 0

- 2 5

- 5 2
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2 1

4 4
-2 1
2 -2,

4 5
4 3

4 0
4 - l
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1 4
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0 - 5
l 4

- < 4

a t

2 L

- 6 5
- 6 3
0 - 5
0 - 4

0
2
0
t

I
2
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Lt9t4
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LLTOI
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1.61S
1.61E4
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t.9472 6 'tLOt6
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2.98/7 1 45.rLL
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0
2
4

1

26646 18 50891t
u& 9 53.4?r'8 1.7560 3 81.@t

1.7349 t3 8256r

0
0

a

5

0
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demonstrates the uniqueness of hpgtuvaite. Without
results of a crystal-structure analysis, it is not possible
to know the disribution of Be over the six Z sites, but
the divalent Be cation may be expected to concentrate
in Z sites associated with the Ca2+ ions in the A sites.
Determination of the crystal stnrcture of hpgtuvaite
will be considerably hampered by its intense polysyn-
thetic twinning on a twin axis normal to the (010).oou
plane, which corresponds to the lateral faces of the
crystal blades.

The compatibility index (Mandarino 1981) provides
a method for testing the intemal consistency of empiri-
cally determined properties of minerals. Specifically,
it tests the compatibility of the mean index of refrac-
tion, density, and chemical composition. The compati-
bility index of hpgtuvaite is 0.052, which is a "good"

rating. Potential causes for achieving a oogood" rather
than "excellent" or "superior" rating include: (a) the
indices of refraction calculated from reflectance
measurements are, at best, approximate, (b) there is a
problem in determining the actual density of hBgtu-
vaite, and (c) intervalence charge-transfer Ge2+ - Fe3+
and possibly Fe-Ti) is suggested by the Mtissbauer
measurements and may negate the use of classically
determined Gladstone-Dale constants.

Late in the preparation of this paper, we learned
(Jambor & Vanko 1992) of a new mineral named
'omakarochkinite" described by Yakubovich et al.
(1990). Their careful crystallographic and chemical
studies leave no doubt that their informally proposed
new mineral, which occurs in a ganite pegmatite in
the Ural Mountains, is the same as hogtuvaite.
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h k l tub i6lt dobs fobs 2&bi
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