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ABSTRACT

Nordstrandite Al(OH)s occun as aggregates of
tabular and blocky crystals in association with
natrolite, tetranatro[te, analcime, sodalite, albite
and microcline in pegmatites, miarolitic cavities
and xenoliths in nepheline syenite at Mont St-
Hilaire, Quebec. Single-crystal X-ray-diffraction
studies confirmed the triclinic symmetry of the
mineral. The reduce{ cell has a 6,148(2), b
6.936(2), c 5.074(t) 4., a 95.76(2), F 99.6&(2), t
83.30(2)' and Z:4. Crystal morphology indicates
the presence of a centre of symmetry. The mineral
is colorlees, white and" rarely, beige, pink and pale
gxe€n, transparent to translucenl The lusEe is
vitreous, sliebtly pearly on the psrfect {110}
cleavage. Hardness -3, D(meas.) : 2.42 g/cmg.
Optically, the mineral is biaxial positive, c 1.580(l),
p 1.583(1), "r 1.602(1), 2V 24o. Elongation (-),
disprsion moderate, r(v. Tho orientation of prin-
cipal vibration axes is defined by the spherical co-
ordinates X (-59",37 " ), Y (7 4",U" ), Z(17 4",67 " ).
Electron-microprobe analyses of the blocky and
tabular crystals gave AlrOg 65.6, 64,9; SiOs 0.0,6,
0.98; CaO 0.00, 0.00; NasO 0.01, 0.02; FeO 0.00,
0.05, totals 65.67, 65.95 'nt. Vo, respectively.

Keywords: nordstrandite, nepheline syenite, Mont
St-Hilaire, Quebec, triclinic, physical. and optical
properties, electron-microprobe anqlysgs,

Sor"rvetnE

On trouve la nordstrandite AI(OH)" en agr6gats
de cristaux tabulaires et massifs associ€e airx
phases natrolite, t6tranatrolite, analcime, sodalite,
albite et microcline dans les pegmatites, les miaroles
et les x6nolithes de la sydnite n€ph6linique au
.mont St-Hilaire (Qu6bec). La diffraction sur mono-
cristal conffulne la symetrie triclinique de cette
espdce. ks paramAtres de la maille r6duite sont a
6.148(2), b 6.936(2); c 5.074(1) A, a 95.76(2),
p 99.06(2), r 83.30(?) o,' Z.! 4. La morphologie
des cristaux indique la pr6ience d'un centre de
sym6trie. La nordstrandite est incolore, blanche ou,
plus rarement, beige, rose ou vert pile, et trans-
parente i translucide. Son 6clat est vitreux, l6gBre-
ment nacr6 sur le clivage parfait {110}. Duret6 =
3, D(mes.) 2.42.Elle est optiquement biaxe positive,
o 1.580(1) ,  p 1.583(1) ,  7 r .602( l ) ,  2V 24"
avec allongement n€gatif et dispersion mod6r6e,
r < v. L'orientation des axes principaux de vibra-
tion se d6finit en coordonn6es sphdriques: X (-59",
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37' ) ,7 (14" ,64") ,  Z (174",67o) .  lanalyse des
cristaux massifs et d'aspect tabulaire i la micro-
sonde 6lectronique donne, respectivement, Al2Oe
65.6, 64.9; SiO, 0.06, 0.98; CaO 0.00, 0.00; NaeO
0.01, 0.02; FeO 0.00, 0.05; total 65.67, 65.95Vo
par poids.

(Iraduit par la R6daction)

Mots-cl6s: nordstrardite, syenite n6phelinique, mont
St-Hilaire, Qu6bec, ticlinique, propri6t6s physi-
ques et optiques, analyse i la microsonde 6lec-
troDique.

INtnonucrtoN

A quarter of a century ago Van Nordstrand
et al, (1956) synthesized a new form of Al
(OH)r; it was later named nord.sta.ndite by
Pap6e et ar. (1958). Many natural occurrences
have since been reported. According to Milton
et al. (1975), these may be classified into three
distinct types: ( 1) most cornmonly as a weather-
ing product in bauxitic soils derived from lime-
stones, e.g., in Sarawak, Borneo (Wall et al.
1962), Guam (Hathaway & Schlanger 1962'
1965), Montenegro (Tertian 1966), Hungary
(N6ray-Szab6 & P6ter 1967), Croatia (Marii
1968), Jamaica (Davis & Hill 1973, as reported
in Milton et al. 1975) and in the Sokolovske'
Sarbay magnetite mines, U.S.S.R. (Kulikova er
al. 1974); (2) as a vein or fissure-filling min-
eral in dolomitic oil shale in the Green River
Formation, northwestern Colorado (Milton er
al. 1975); and (3) as an alteration product of
dawsonite and alumohydrocalcite in New Soutl
Wales, Australia (Goldberry & Loughnan 1970,
1977). More recently, another type of occur-
rence of the mineral, in alkalic igneous rocks,
was reported: Petersen et al. (1976) found
nordstrandite as a late mineral in pegmatitic
pockets in nepheline syenite at NarssArssuk,
Greenland, and Sabina (1977) reported it as a
vug mineral in the sodalite-bearing rocks at the
Princess sodalite mine near Bancroft, Ontario.

The present paper describes the occurrence
and properties of nordstrandite from the ne-
pheline syenite at Mont St-Hilaire, Quebec. The
mineral was first identified from this locality
in 1971 and was documented by Chao &
Baker ( 1979).
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OccunnsNcr

At Mont St-Hilaire, nordstrandite occurs in
pegmatites, miarolitic cavities and biotite-rich
xenoliths in the nepheline syenite. The mineral
is commonly associated with natrolite, tetra-
natrolite, analcime, sodalite, albite and micro-
cline. At least one of the carbonate minerals
calcite, siderite, dolomite, ancylite and daw-
sonite is always present in small amounts, ex-
cept in xenoliths where apatite takes the place

of carbonates. Other miupr minerals that may
be present ale aegirine, pyrite, zircon, rutile,
fluorite, an unidentified mineral UK43 (Chao
& Baker 1979), a nordstrandite-like phase of
composition AI(OH)" and an iron aluminum
member of the serpentine group. The mineral
commonly forms tabular rhombic microcrystals
in random aggregates in cavities and interstices
of natrolite, analcime or albite (Figs. la, 1b).
The mineral also forms globular aggregates and
radiating clusters commonly with a core of

Ftc. l. SEM photomicrographs of nordstrandite, Mout St-Hilaire, Quebec. (a) Tabular rhombic crystal on
natrolite (massive) and tetranatrolite (fibrous); long dimension of crystal approximately 0.5 nim. (b)
Random aggregates of tabular crystals; average size 0.2 mm. (c) Parallel growths of tatular rhombic
crystals in a globular ageregate. (d) Blocky crystals; largest crystal approximately 1.5 mm long.
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analcime or siderite. In some aggregates the
individuals are not recognizable even with high
magnification under the scanning electron mi-
croscope. In others, "leaves" formed by sub-
parallel to parallel growths of small, tabular,
rhombic crystals are apparent (Fig. 1c). Nord-
strandite less commonly forms relatively larger
( l-2 mm) crystals of a distinct blocky habit
(Fig. ld) in natrolite vugs. These crystals are
translucent to opaque with a transparent outer
zone. The opaque parts of the crystals contain
numerous minute needle-shaped inclusions of
dawsonite, randomly arranged.

Textural relationships indicate that the order
of crystallization of tle essential minerals in the
nordstrandite associations is microcline, albite,
natrolite or analsime or sodalite, tetranatrolite,
carbonates and nordstrandite. Pyrite and ser-
pentine are the only minerals formed later than
nordstrandite. Thus, the occurrence and para-
genesis of nordstrandite at Mont St-Hilaire are
similar to those at Narssirssuk. Greenland
(Petersen et al. 1976).

Cnvstellocnepgv

Considerable confusion regarding the
unit-cell data of nordstrandite exists in the
literature, as shown in Table l. From powder-
diffraction data of synthetic nordstrandite,
Lippens (1961) derived a monoclinic cell that

resembles the gibbsite cell. However, not all the
powder-diffraction lines could be indexed satis-
factorily on the basis of Lippens's cell. The
triclinic nature of nordstrandite was first re-
cognized by Saalfeld & Mehrotra (1966) toom
a Weissenberg single-crystal X-ray study of
the natural material from Sarawak. Their pro-
posed cell, doubly primitive but not body-
centred, was adopted by Roberts et al, (1974)
in the Encyclopedia of Minerals, but the sym-
metry of the minslal was erroneously recorded
as monoclinic. A body-centred triclinic cell was
later established by Saalfeld & Jarchow (1968)
in their structure determination; this cell has
since been referred to by several authors (e.8'.,
Peterson et aI. 1976). In an independent at-
tempt to determine the crystal structure of the
mineral, Bosmans (1970) derived another cell
from powder-diffraction data of a synthetic
material. The cell was considered to be the re-
duced cell despite a doubling of the c axis
indicated by electron diffraction. The reduced
cell of Bosmans was adopted in the Powder
Diffraction File, but it is now apparent that
it is only a subcell.

Much of the confusion was apparently
caused by thd lack of good single crystais;
hence the cell data were obtained mostly from
powder-diffraction work. The well-formed
crystals of nordstrandite from Mont St-Hilaire
made it possible to re-examine its cell geo-

TABLE I. CELL DII'IENSIONS OF NORDSTRANDITE
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Bosmans0970I The cell nray be tiansfonned to 4 by the matrix 010/00lllT0
This study.
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metry by single-crystal X-ray diffraction using
a precession camera. Six crystals were studied
and numerous photographs taken with various
important zone axes as the precession axis. The
triclinic body-centred cell of Saalfeld & Jarchow
(1968) was duly confirmed, and the true re-
duced cell wilh Z=4 was established. The rela-
tionship of this reduced cell to the cells re-
ported by other authors is given in the form
of transformation matrices in Table 1. The re-
duced cell of nordstrandite is related to the
monoclinic cell of gibbsite by the matrir
LIO/OOI/LIO. This relationship is supported by
the almost identical nature of the hk| reci-
procal lattice net of nordstrandite and the ft01
net of gibbsite.

To compare the cell parameters of nord-
strandite from different localities, we indexed
the published powder-diffraction data sets with
reference to the reduced cell and used them to
refine the cell parameters by a least-squares
method. The results are presented in Table 2.
The comparison shows a significantly larger
variation in a than in 6 and c. It is also interest,
ing to note that the cell volume of all natural
nordstrandite is slightly smaller than that of
the synthetic material, a reflection, perhaps, of
the substitution of Si for Al in the natural
mineral.

The X-ray powder-diffraction data for nord-
strandite from Mont St-Hilaire are given in
Table 3. They are essentially identical to those
of the synthetic material, the mineral from
Guam and other localities.

Morphologically, the rhombic tabular crystals
are bounded by a well-developed {11O}, moder-
ately developed {lTO} and {OT1}, with or with-

out a poorly develsped {"1OU .(Fig, "1a).- In
contrast, the most prominent forme on the
blocky crystdls (Fig. ld) are {011} and {1I0},
followed by {101} and tO01}, with {110} being
the least prominent form. A poorly developed
tO10) is present on some crystals. The form
{1TO} is invariably striated parallel to t110}.
Crystals of both habits appear to possess a
centre of syurmetry, consistent with the results
of the crystal-structure analyses by Saalfeld &
Jarchow (1968).

The interfacial angles of a blocky crystal
were measured using a two-circle optical gonio-
meter. The observed (Q, il angles are in good
agreement with the angles calculated from the
cell parameters (Table 4). No goniometry meas-
urements were made for the tabular crystals,
as the only suitable crystal was broken when
it was detached from the matrix. The forms
present on the tabular crystal were, therefore,
determined by X-ray precession goniometry by
shooting X-rays along several zone axes of the
broken crystal.

PHYSIcAL .lNp Orrtcel PnopsRuEs

Nordstrandite from Mont St-Hilafue is color-
less, white and, rarely, pink, beige and pale
green. The color of the pale green variety has
been shown by scanning "lectron microscopy
and X-ray diffraction to be due to a thin
coating of an iron aluminosilicate mineral of
the serpentine group. The lustre of the mineral
is vitreous and is somewhat pearly on the perfect
{t lO} cleavage. The Mohs hardness is close
to 3. The density, determined by the flotation
method, is 2.42 g/crrf, in aigreement with the

TABLE 2. DIMENSIONS OF IIIE REDUCED CELL OF NORDSTRAT{DITE*
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Narssarssuk., Greenland (lelgrsen et aX, 1976). CalaX,-1.976), Cilculated fromNarssarssuk. '  Greenland.(Petg"sen et  ax,  1.976).  calculated f rom paraneters of  the l -cel l ,  a.  9.715(4),
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95.90
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TABLE'4. FORI.{S ND ANGLES FOR NORDSIMNDITE FRO4 MOI{T
ST-IIILAIRE, qUEBEC

Oobs 0calc oobs

62.3 62.02 to.t
0 - -

9calc lcalc acalc dcalc

10.26 8't.52 85.21
90.00 95.90 85.21
90.00  95 .90  81 .52
90.00 43.90 52.00 79.90
90.00 38.75 134.65 86.95
33.96 79.25 122.87 31.66
44.86 45.43 90.06 36.06

A4tkl i 700i bhkl L 0"|.0r c4tkt i wl.

values reported for the mineral from other
localities (2.411.43 g/cm3.).

Optical propefiies of the mineral were deter-
mined on a spindle stage. Crystals previously
oriented by X-ray goniometry were reoriented
with the aid of extinctions and interference
figures to rotate about the optic normal. Indices
of refraction and 2V were measured in sodium
light, and all immersion liquids were checked
wilh a refractometer. In white light a moderate,
asymmetrical dispersion r < v was observed.
The orientation of the optical indicatrix with
respect to the reduced cell is shown in Figure
2, and is defined by the spherical coordinates
x(-sgo ,  37") ,  7(74 '  ,  64") ,  Z(L74" ,670 ) .  The
physical and optical properties of nordstrandite
from Mont St-Hilaire are compared with those
of the mineral from other localities in Table 5.

The sign of elongation of the nordstrandite
crystals from Mont St-Hilaire is negative (length-
fast), consistent with that of the mineral from
Guam (Hathaway & Schlanger 1965), but op-
posite that of the acicular crystals from Green-
land (Petersen et al. 1976). Our examination of
the nordstrandite from Guam confirmed the
report by Hathaway & Schlanger. Moreover,
nordstrandite from Bancroft, Ontario, and in
specimens from Narssdrssuk, Greenland (41217
and 41251 in the collection at the National
Museum of Natural Sciences, Ottawa) also
gave negative elongation. Thus, there is little
doubt that the acicular crystals studied by Peter-
sen et al. (1976) are elongate along a different
crystallographic direction, perhaps the D axis
of the reduced cell. The angle Z A D, estimated
from the stereographic projection (Fig. 2), is
about 23". close to the maximum extinction
angle of about 20o observed by these authors
for their material.

ErrcrnoN-MIcRopRoBE ANerysrs

Nordstrandite from Mont St-Hilaire was
analyzed with an electron microprobe using a
defocused beam. Natural gibbsite (for Al),
kyanite (Si), anorthite (Ca), albite (Na) and
olivine (Fe) were used as standards with jadeite

Ftc. 2. Stereographic projection of crystallogra-
phic and optical elements of nordstrandite.

and the nordstrandite from Guam as internal
standards. The analyses for the blocky and
rabular crystals are, respectively, AlOs 65.6,
64.9; SiOz O.O6, 0.98; CaO 0.0O, 0.00; NazO
O.01, 0.02; FeO 0.00, 0.05; totals 65.67,65.95
wt. Vo. The HzO contents were not determined
because of the small amount of sample avail-
able. Both analyses compare favorably with the
theoretical AluOs content of. 65.36Vo for AI
(OH)'. The higher SiOz content of the tabular
crystal is probably not related to crystal habit
because the nordstrandite from Guam, .which
has a similar tabular habit, has only O.O2%
sio,.

Polyrronpruslvr rN AI(OH)s

It is commonly accepted that Al(OH)a exists
in tlree structural forms, namely, bayerite,
gibbsite and nordstrandite. They differ essential-
ly in the stacking of the layers of hydroxyl
ions. Bayerite is believed to have the brucite
structure with the stacking sequence ABAB
typical of the hexagonal closest packing (Yama-
guchi & Sakamoto 1958, Lippens 1961). The
structure of gibbsite, as determined by Megaw
(1934) and refined by Saalfeld & Wedde
(1914), is based on the stacking sequence
ABBA. Speculations on the basis of X-ray
powderdiffraction data suggested that nord-
strandite has a structure with mixed bayerite
and gibbsite layers of ABABBABA, but struc-
ture determination using single-crystal X-ray-
diffraction intensity data (Saalfeld & Jarchow
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TABTE 3. SELECTED X-RAY POXDER DIFFRACTIOI'I DATA FOR NORDSTMI.IDITE
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1968) showed the stacking in nordstrandite to
be ABBCCA.

The polymorphism in AI(OH)", however, is
apparently more complicated than is generally
believed. A triclinic "hydrargillite" from
Schischimsk, Urals, with a 17.338, , 10.086,
c 9.730 A, q.94"10', B 92"08', y 90"00' and
Z=32 was reported by Saalfeld ( 1960) as form-
ing oriented intergrowths with gibbsite. In a
private communication (1979), Saalfeld stated

TABLE 5. OCCURRB{CES AND PHYSICAL PROPERTIES OF NORS]SANDITE

that many years later the same triclinic phase
with the same oriented intergrowths with gibbs-
ite was found again in a bauxite deposit in
India. Despite the scanty data available, this
triclinic phase is almost certainly not nord-
strandite, as the powder pattern of nordstrandite
cannot be indexed on the basis of the large
triclinic cell.

Recently, an unidentified mineral, UK45,
from Mont St-Hilaire (Chao & Baker 1979)
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has been established to be a new polymorph of
Al(OH)r. The mineral is triclinic with a 5.002,
b 5.175, c 4.98O A, a 97.5A", B 118.60", y
104,74" and Z=2, distinct from all known
phases of AI(OH)' including the triclinic "hy-
drargillite" of Saalfeld. Moreover, a nord-
strandite-like minsfl has been found in asso-
ciation with nordstrandite on a specimen from
Mont St-Hilaire. It occurs as powdery sprays and
as spherulitic aggregates of extremely fine-
grained crystals. Its composition is close to
Al(OH)s, and its powder diffraction pattern is
very similar to that of nordstrandite. The major
difference in the X-ray powder pattern occurs
in the shift of some moderately strong lines by
up to 0.05 A in either direction. Some line are
noticeably diffuse. This mineral, tentatively
designated UK5l, is thus most likely a new
phase of Al(OH)s, perhaps a phase with stack-
ing disorder. A full description of these phases
from Mont St-Hilaire will be presented in forth-
coming papers.
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