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ASSTRACT

Crystals of hewettite (CaV6O16.ptlrg) from Colorado
are monoclinic, splilce group P2/m, a 12.290(l), b
3.59q1), c 11.1?4{2) A, 0 9.2(1)". As predicted prwiously,
the V6Ol6layer structure is similarto that of Li3V6O16. The
published structure for the latter (trial-and-error) is further
relined by least-squarq; analysis to R : 0.069. The hewett-
ite structure was analyzed using 187 F data for hOl and hll
reflections measured by microdensitometry from two
precession patterns, in which the nets are very diffuse but
well resolved. Least-squares refinement of this limited
number of poor data converged to an R of 0.17, but the
result is not conclusive. The best interpretation of the
resulting V positions and the electron-density distribution
was found to be based on the incorporation of the layer
from Li3V6O16 directly with little change in dimensions.
Interlayer electron-density maxima indicate the presence of
Ca in a half-occupied site, and 8H2O in the unit cell,
consistent with the cell volume. Structures previously
proposed for presumed Na2V6O142H2O and NqV6O16 are
criticized for the gross distortions ofthe layer structure, a4d
inconsistency with the cell volumes.

Keywords: hewettite, crystal structure, layer, vanadium
bronze.

Sovruann

Les cristaux de hewettite CaV6O16.!Hrg provenant du
Colorado sont monocliniques, €roupe spatal P21/m, a
12.2\l\, b 3.5\l), c ll.l74Q) A,8g7.24(t).Telqu'anti-
cip6, la structure en feuillets de V5O15 ressemble d celle du
Li3V6Ol6. La structure de ce dernier, connue seulement d
la suite d'une 6bauche par approximations successives, a 6t6
affin6e par moindres carr6s jusqu'i un r€sidu R de 0.069.
La structure de la hewettite a 6t6 examin6e en utilisant 187
donndes de Fpour des r6fledons h0l et hll mesur6es au
microde4sitomOtre sur deux clichds de pr6cession, sur les-
quels les taches sont tr&s diffuses mais bien r6solues. Un
affinement de cette faible quantit6 de donn6es inf6rieures a
donn6 une convergence, avec un R de 0.17, mais le rdsultat
n'est pas consid6r6 ddfinitif. La position des atomes de
vanadium et la distribution de la densit6 des 6lectrons s'ex-
pliquent par l'incorporation directe d'un feuillet de
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Li3V6O16 s:tns changement important dans ses dimensions.
Des maxima de densitd des €lectrons entre les feuillets
serarent I'expression de la pr6sencce de Ca dans une posi-
tion i moiti€ occup6e, et de 8H2O par maille 6l6mentairb,
ce qui concorde avec le volume de la maille. Les structurfs
proposdes pour les compos6s Na2V6O rc.2HzO et Na2V6Onu
contiennent des distorsions jugdes inacceptables dans la
structure du feuillet et des violations du volume de la maile
6l6mentaire.

(Traduit par la Rddactioir)

Mots-cl6s: hewettite, structure cristalline, feuillets, bron?e
de vanadium.

INTRoDUCTIoN

Hewettite was first described by Hillebrand e/ a/.
(1914) from Minasragra in Peru and Paradox Valley
in Colorado. Their study defined the characteristic
physical and chemical properties of this hydratNd
calcium vanadate mineral: fibrous and lath-like cryB-
tal habit, deep red color, and tendency to lose dr
regain water according to conditions of temperatufe
and humidity. The composition of fresh material wds
found to be CaV6O16.9H2O. In a careful X-ray cryp-
tallographic study of hewettite from Coloradd,
Qurashi (1961) found three distinct phases, contaiil-
ing 9, 6, and 3 H2O, respectively. Subsequently, the
term "hewettite" became associated with the fuUy
hydrated form (9H2O) and "metahewettite" withthe
dehydrated form (3H2O; Fleischer 1987).

The study of the structure of hewettite has always
been hampered by the extreme softnes$ and fibro4s
texture of the crystals. The integrity of the crystals is
damaged by any loss ofwater or rehydration, Ther$-
fore, no *ell-defined structure has heretofore been
determined for hewettite. Bachmann (1962) firbt
recognizsd that hewettite is based on a V6O16-type
layer structure analogous to that found by Wadsley
(l 957) for the slmthetic vanadium bronze Lir * J:Oa
(x=0.5; Li3V6Ord. Bachmann & Barnes (1962) at-
tempted to determine the crystal structure of a
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TABLE 1. REFIIIEO STRUCTURE PAWETERS FOR Ll:vO0t6

Aton x

Lr 0.685(3)
(0.690)

v( i )  0.s365(2)
(0.5360)

v(2) 0.0777(2)
(0.0778)

v(3) 0.8036(2)
(0.8022)

0.9284(10) 0.8789(21)
(0.928) (0.87e)

0.6718(9) 0.7971(18)
(0.675) (0.7e6)

TASLE 2. UI{IT.CELL DATA FOR HEIETTITE AXD !,IETATIEIETTITT

z  u ,  I

n  E n a / E \  n  l E / ? \

(0.494)

0.8424(4) 0.074(4)
(0.83e2)

0.2040(4) 0.071(4)
(0.2042)

0.0695(4) 0.080(4)
(0.0696)

0 .0667(20)  0 .12(1)
(0.075)

Specl@n !

Synthetlc 12.03
Lr3v60I6

Herettlte L2.56
CaV6016'9H20

Reconstltuted L2,250(2)
hsttite

3.61.5 11.47 97.0

3.4e7(1) 11.174(2) s7.25(2)

b c g R e f .

3.60 6.68 107.8 1.

0(r)

0(2)

0(3)

0(4)

0(5)

0(6)

0(7)

0(8)

0.4572(10)
(0.458)

0.1857(9) 0.4170(18)
(0.188) (0.422\

0 .13(1)

0 .10(1)

0 .10(1)

0 .10(1)

0 .10(1)

0 , 1 3 ( 1 )

0 . 1 0 ( 1 )

leeks tu-220-54 12.40(1) 3.590(r) u.174(2) 97.24(L)

[etaherettlte 12.15(1) 3.607(3) 18.44(1) 118.03(3)
CaV60t6'3H20

R e f e r e n c s :  l .  f a d s l e y  ( 1 9 5 7 \ , 2 .  q u r a s h l  ( 1 9 6 1 ) ,  3 .  B a J l l s s
(1982),  4:  Thls rcrk,  5.  Bayl lss & Hame (1979).  Untts:  cel l
edges ln A, I  ln deqrees.

synthetic vanadium bronzes ofthis type, other than
Li3V6Ol6, has been carried out.

Many years ago the author received from Alice
Weeks a fine section of petrified wood about 8 x
5 x 5 cm (Weeks no. W -22n-54). The specimen was
donated to her by Hans Adler and is known to have
originated from the Colorado Plateau, but unfor-
tunately its locality is otherwise unknown. On the
fracture surface are fine, radiating groups ofhewett-
ite crystals, as well as crusts of a soft, fibrous, black
mineral tentatively identified as corvusite. The
hewettite crystals have remained fully hydrated, un-
like most other samples of hewettite, which generally
lose water rapidly when exposed to the atmosphere.
These crystals yielded single-crystal (precession) X-
ruy data that, although of very poor quality, are
much better than any previously available. Thus it
has been possible to obtain more reliable structural
information than has previously been available.

0.4401(9) 0.6140(17)
(0.438) (0.616)

0.9551(9) 0.2909(18)
(0.956) (0.286)

0.7238(11) o.223o(2r'
(0.725) (0.2241

0.1742(9) 0.9864(18)
(0.u5) (.eez)

Alt atms located ln 2(e), wlth v' l/4.
l,ladsley's (1957) pEr@ter ln parentheses.

sodium-calcium analog of hewettite (later named
barnesiteby Weeks et al. 1963), but their result is of
doubtful validity, as will be shown here. This paper
describes the structure analysis ofa hewettite crystal
from Colorado and gives a more secure under-
standing of the crystal chemistry of this mineral and
its analogs. Up to now, no structural investigation of

AW4;3-s"l
l1-l&

Ftc, l. Precession photographs ofhewettite: (a) &0/net; (b) &l/net. These photographs are the source oftheintensity data
for the structure analysis.
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TABLE 3. STRUCIURE PARAI,IETERS FOR I{EEKS' IIIIETTITE

Atm

Layet atoFs3
v(r)
v(2)
v(3)

0 ( 1 )

0(2)

0(3)

0(4)

0(5)

0(6)

0(7)

0(8)

x

0 .554(  1 )
0 .055(1)
0 .796(1)

0 .446(4)
(0.457)

0.940(4)
(0.944)

0.688(3)
(0.692)

0 . r23(5)
(0. r34)

0.500(4)
(0.482)

0.936(5)
(0.ele)

0.703(4)
(0.703)

0.170(4)
(0.171)

z

-0.088(1)
0.120(2)
0 .036(2)

0 .019(5)
(0.043)

-0.058(5)
(-0.067)

-0 .118(4)
(-0.1i9)

0.236(6)
(0.244)

-0 .211(5)
(-0.2le)

0. r70(6)
(0.166)

0.120(4)
(0.125)

0.011(4)
(-0.002)

u, A2

0.029(7)
0.040(7)
0.026(6)

0 .07(3)

0 .03(2)

0 .00(1)

0 .07(3)

0 .05(2)

0 .07(3)

o .o1(2)

0.02(2,

roccupancy 0.5. All atoro located ln 2(e), wttl v - t/+.
Parmetere ln pmntheses adjusted to nomllze the struc-
ture to that of 113V5015.

Hewettite is a member of a group of minerals
referred to by chemists as "vanadium bronzes";
these minerals have been classified and briefly char-
acterized by Evans & White (1987). A review of past
studies of hewettite-type minerals is not made in this
report, except for studies that pertain to the crystal-
structure problem. The principal results of the
present work are a clearer understanding of the role
of the YuO,u layer in such mineral phases, and the
structure of the cation-water interlayer material.

THE SrRUcruRE oF THE Holorrpr BnoNzs.
LirVoOre

Wadsley (1957) determined the strucfure of a
phase which he dcienafed as Ll*rV:Oa with x = 0.5,
analogous to the.y-phase in the LiYO3-Y2O5 system
found by Floo$ el al. (1946). Wadsley refined the
monoclinic structure in space group Y21/m by trial
and error using only the hOl reflections. His final
conventional reliability indices R were 0.12 for the
hOl data and 0.14 for the hll data. Wadsley's pub-
lished data seemed suitable for a least-squares
analysis, which would be equivalent to a full three-
dimensional treatment assuming that there are no
variable / coordinates. When this was done in this
laboratory using all 328 nonzero data (assuming
isotropic thermal parameters and separate scale-fac-
tors for the h0l and ll 1l data sets), a reliability index
R of 0.069 (R,0.070) was reached. Thus Wadsley's

TABI.T 4. OBSERVM AXO CALq'LATED SIRICTURE-FACTORS
FOR I{EE(YHMITIIE
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data proved to be of very good quality and the
accuracy ofthe structure determination was substan-
tially improved, although little change from
Wadsley's structure was found. The refined
parameters are given in Table l.
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Atms t

v(3)-v(r)  3.105(3) I
v(3)-v(2)  3.141(3)
v(3)-v(2 ' )  (x2) 3.1e6(2)
v(2)-v(2 ' )  (x2) 3.323(2)
v(1)-v(1 ' )  (x2) 3.09s(2)
Ans lev (1 ) - v (3 ) - v (2 )  168 .1 (4 ) '

(x?)
(x2)
(x2)

(x2)

(x2)

4.13  A
t  n 1

3.34
5 . O Z

3.47

! .67
L.74
r.86
2.4
3.22

1.80
t o 6

2.46
3.05

1.85
a i 2

2.fi
z . J 6

2.68
3.62
2.73
2.70
2.89
2.72

3.54
2.34
2.78
) 9 q

z . b 5

z . o L

4.33
3.32

2.85

l,l:.1i3V5016 (l, lads'ley 1957) reftned. E: t i leeks! hflettite reflneq(thls mrk). B: iHydrated,, hileti l te, Bachmann e Bail; i tf i2l.

TUB CRySTaILoGRAPHY oF HEVETTITE

All previous crystallographic measurements of
hewettite agree on the space group n\/m, and all
find unit-cell dimensions a 12.3 x.0.2 A and b 3.61
+ 0.01 A (fiber axis). The c and p parameters vary
freelyto accommodate a variety of cations and num-
ber of water molecules. A fairly consistent set of
parameters has been reported for the lowest hydrate
(metahewettite, CaY6Oru.3HrQ; see Table 2). Meas-
ruements of the higher hydrates show more varia-
tion, doubtless because ofvariations in vacant and
disordered water sites. The crystals used in this study
gave single-crystal patterns of unusually good
resolution, although the reflections are greatly
broadened and diffuse. Figure I shows precession
photographs olthe hOl and hllnets produced by one
crystal; in these the monoclinic net is clearly discern-
ible. Some scattering from a minor amount of
metahewettite is prment. The unit c€ll of the hewettite
used in this study was best measured from a fiber
pattern made with CrKa radiation (corrected for
film shrinkage). Least-squares analysis of 20 values
for 42 ftOl reflections provided a, c, and B
parameters. A Guinier-Hagg pattern gave a sharp

TAELE 5. IIITERATOI.iIC DISTANCES IN 
'I}IE 

TAYER STRUCTURES OF
113v6016 Axt) H$TETTITE measurement of the b axis (from the 020 reflection),

butwas otherwise unsuitable for analysis. The result-
ing unit-cell parameters agree well with those of
Bayliss (1932) and are listed in Table 2 with various
unit-cell dimensions of hewettite and metahewettite
previously reported.

Density measurements are of little value because
of the inevitable admixture of various hydrates, and
rupture of the structure by dehydration. The best
values were reported by Hillebrand et ql. (1914):
2.511 g/cm3 for the 9-hydrate, and 2,942 for the
3-hydrate. Based on the unit-cell data given in Table
2, the calculated densities are 2.59 (Weeks cell) and
3.05 g/cm3 (Bayliss & Warne 1979), respectively.

To check the composition, a carefully controlled
energy-dispersion test for cations was made on a
broad, flat crystal $urface using a JEOL scanning
electronmicroscopebyDr. C. A. Lawson oftheU.S.
Geological Survey. Only Ca and V were detected.
The measured Ca/Y ratio, calibrated against an-
hydrous Ca2Y2O7, was found to be 0.167.

Srnucruns ANaLYSIS oF HEwETTITE

Figure I represents the sole record (two films made
with MoKa radiation) from which the intensity data
were measured in an attempt to refine the $tructure
of hewettite. Intensities were measrued by means of
a Nonius Model II microdensitometer. The intensity
scale was calibrated against a strip of linearly scaled
density marks on the same type of film. The.Ivalues
were taken at peak maximum, and relative Fvalues
obtained by graphical estimation of the Lorentz-
polarization correction but without absorption or
other corrections.

A Patterson map was calculated to obtain the
initial vanadium posilions. The eight oxygen atoms
of the layer structure (after Li3V6Ot) were intro-
duced geometrically to complete the initial model
(Wadsley's numbering of atoms is retained in this
model). An electron-density map gave a clear image
of the VuOt5layer structure, and also some informa-
tion about the interlayer material. Least-squares
refinement ofxand zparameters for the layer atoms,
3 water molecules, and one Ca atom split between
two sites, together with the corresponding l.rvalues,
convergedatR 0.25. Bythis means, bondlengths are
determined with an estimated standard deviation
@sA of approximately 0.15. A.

A more satisfactory refinement (in terms of the
thermal parameters) was obtained by including the
nonobserved reflections at half of an estimated
threshold value (about 8, as suggested by a referee),
but excluding the ftll reflections in the blind region
(266 reflections total). With 6 reflections omitted
because of outlying AF values (>30)' refinement
converged to an R of 0.24; at this point, for the
observed reflections only (175), R was 0.17. The

F

3.12(2) t
3.20(2)
3.24(2)
3.37(2)
3.09(2)
t71(1).

v( l ) -0 (5)
-0(3)
-0(1.')
-0(r)
-0(7)

v(2)-0(4)
-0(6)
-0(2 ' )
-0(8)
-0(2)

v(3)-0(7)
-0(8)
-0(6)
-0(3)
-0(2)

(x2)

(x2)

(x2)

(x2)

(x2)
(x2)
(xz)
(xz)



THE STRUCTURE OF HEWETTITE 185

par{rmeters so obtained are listed in Table 3, and the
F(obs) and F(calc) data are listed in Table 4.

INTERpRETATToN oF THE HnwsRtte Srnucruns

The resulting structure contains several unsatis-
factory interatomic distances (see Table 5). The V-O
terminal bonds to O(4) and O(5) are unacceptably
short: 1.43 and 1.46 A, respectively. In LirVuO,u
these bonds are both l.6l A. The shortest O-O did-
tance in the layer in LirVuO,u ig 2.38 A for O(t)-
O(1 '); two others 3re 2.50 A, and all othen
are greater thanz.A A.In the refine{ hewettite struc-
ture lhe O(l)-O(l ') distance is 2.11 L,4 are less than
2.4 A. and 6 more are less 2.6 L. The $tructure so
defined for hewettite is far too crowded. On the other
hand, the positions refined for the vanadium atoms
are close in dimensio4s to those of Li3V6O16, differ-
ing by less that 0.015 A Gable 5). It seems reasonable
to assume that the oxygen dimensions in the layer
also should be similar; that is, the layer should be
rather rigid and not change appreciably from one
structure to another as thg cations and water

molecules vary. Oxygen coordinates for such a layer
structure were therefore constructed around the
vanadium atoms guided as far as possible by the
electron-density mapping, and these coordinates are
given in parentheses in Table 4. Structure factors for
this adjusted structure lall Us and Ca parameters
refined, O(9), O(10), O(11) fixed from previous
refinement; O(12) adjusted to a Ca-O distance of
2.35 A, occupancy 0.51 gave an R of 0.20. In spite of
the hieher reliability index for this structure, this
model is probably closer to the true structure.

The thermal parameters for vanadium obtaiped
from the refinement are reasonable (U : 0.028 A1,
but for the layer oxygen atoms theseparameters run
unrealistically from (/= 0 to 0.06 A2 (Iable 3. In
comparison, all the thermal parameters for tlte
refined Li3V6Ot6 structure are entirely reasonable
and internally consistent (Iable l). The thermal
parameters for the refined Ca and H2O molecules in
hewettite are larger, as expected, but reasonable,
including that for O(12) at half occupancy.

Because of the large esd values of the H2O posi-
tions the location of hydrogen bonds is somewhat

v"e

x + 
Orlgin

Frc 2. Electron-density projection of hewettite from y : 0 to y = %. Position of
atoms in the adjusted structure are indicated..
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At@s

Ca-o(12)
,0(10)
-0(e) (2x)
- (u )  (2x)
-0(4)

TAELE 6. IIITEMTOIiIC OISTAXCES III INTERLAYER STRUCTURE OT
l, lEEKS'Hti , lETTITE

counted for. There is generous room for one more
oxygen atom at 0.53, %,A,45, This site, which is too
diffuse to be resolved, may be only half occupied
because of its proximity to a center of symmetry at
y2,0, y2. Thus, 9 water molecules all fit comforta-
bly in the structure, and Ca has a normal coordina-
tion of7 or 8.

A view of the structure is shown projected along
the b axis in Figure 3, which shows how the c axis is
expanded to accommodate the Ca2+ ions and water
molecules. The final electron-density projection of
the lower half of the unit cell in this view (y from 0
to %), corresponding to the adjusted structure, is
shown in Figure 2.

Tns Pnosrsrvr oF THE BacnuexN - BARNES
STRUCTURE

As mentioned above, the only other attempt to
determine the structure of hewettite was made by
Bachmann & Barnes (1962). They studied crystals
from the Cactus Rat mine, Utah, which they as-
sumed to be (N a,Ca)Y 60 tu.2H2O. Their data for this
"hydrated" form were measured for 63 nonzero h0l
reflections by visual estimate from oscillation
photographs rotated about the fiber axis, and preces-
sion photographs about [001] for 18 nonzero hlfr

Reflned AdJusted

l .e6(14)  t
2.35(12)
2 .63(7)
2 .69(6)
2.76(8)

2 .36  A

) a a

2.69
2.62

2.49
3.02

2.56
2.85
2.98
2.92
2.85
2.&
3.20
2.96
2.62
3.12
2.92
2.56

2 . 5 1 ( 9 )
2.s3(10)
3 .12(8)
3.20(12)
2.71( ls i
2.85(10)
2,9s(U)
3.20(14)
2.85(10)
2.85(r0)
3 .20(12)
3.20(7',t
2 .U(17)
2.96(1s)
3.20(14)
2.71(18)
3.37(18)

uncertain, but no interoxygen distances are less than
2.64 A(Table 5). The electron density found (Fig. 2)
accounts for 7H2O in the unit cell. The Ca site is half
occupied, and O(12), also halfoccupied, is probably
associated with the Ca atom. In the absence of
Ca + O(12), a water molecule is likely present in an
ill-defined position that does not appear in the
electrondensity map. In this way, 8H2O are ac-

0(e) -0 (3)
-0 (5)
-0(a) (2x)

0(10)-0(12)
-0(u) (2x)
-0 (6)  (2x)
-0 (12)  (2x)

0(11) -0( r0 )  (2x)
-0 (7)
-0(9)
-0(5)

0(12) -0(4)
-0(6)
-0(10) (2x)
-0(r0)
-0(12') (2r)

eo

| l @

7

I
I
l

@to

x -

Frc. 3. Schematic view of the structure of hewettite projected along the b axis. VOe
groups are shown as octahedra; light interlayer atoms are located at y = -16, ̂ 4
heaw atoms are located atl = + %. Crosses indicate centers of symmetry aty: 0
andY =  Y.
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.reflections. For another srystal, presumed to be
dehydrated by heating to 140oC, 59 ll0/ reflection
intensities were measured. Vanadium positions for
each were estimated from a b-axis Patterson projec-
tion, and the V-phased electron-density maps were
used to find oxygen and Na(Ca) positions. Bach-
mann & Barnes (1962) refined the structures by trial-
and-error methods, making use of A.Fmaps. For the
ftOl reflections their final R values were 0. l9 for the
dehydrated form and 0.17 for the hydrated form.

The structures found by Bachmann & Barnes are
based primarily on the V6O15 layer structure of
Wadsley's Li3V6Ol6, as predicted by Bachmann
(1962), but are grossly distorted with respect to the
Iatter. The dimensions of the V(1)-V(3)-V(2) back-
bone [V(3)-V(2)-V(I) in Bachmann & Barnes] are
compared in Table'S. These dimensions, especially
the backbone angle, are clearly inconsistent with any
idea of structural rigidity of the layer.

Another difficulty is raised by the unit-cell volu-
mes,^which are 352 A3 for the dehydrated form and
356 A3 for the hydrated.form. A loqs of 2HrO would
require a difference of about 50 A3 between these
two values. The volume of the Weekq hewettite anal-
yzed above is 489 43. Allowing 2ZS A3 for tle VuO,u
Iayer (from Li3V6OrJ, H2O plus Ca occupies
214 43, which, by aqsuming l0 A3 for Ca, leads to
a reasonable 23-25 L3 for each of 8 or 9H,O. This
reasoning suggests that both crystals of Bichmann
& Barnes contain 3H2O, which is the amount for the
closely analogous minerals barnesite (Weeks el a/.
1963) and metahewettite (Qurashi 196l). The cell
volume found by BayJiss & Warne (1979) for
metahewenite is 356.7 Ar gaUte Z;.

A least-squares analysis of the data of Bachmann
& Barnes for the dehydrated form lowered the
reliabilityindex appreciably, but did not changetheir
structure significantly. In view of the problems out-
lined above, it is difficult to accept the structure of
Bachmann & Barnes at facevalue. It seems likelythat
the principal source of distortion in their data lies in
the method of intensity measurement. Hewettite
crystals are usually greatly twisted about the fiber
axis, by l0o ormore, andthe effect of such distortion
(as well as tilting of the fiber elements) on oscillation
photographs is difficult to predict. Serious overlap
may occur where complete resolution would be ex-
pected for well-formed crystals. In the crystals from
the Weeks specimen twinning has been observed on
001, giving the h}lpatterns a pseudo-orthorhombic
appearance, thus indicating another possible source
of confusion.

significantly refined using the data of Wadsley
(1957). (2) The structure of a hewettite crystal from
Colorado was analyzed, using data from h0l and hll
precession photographs. The diffuseness ofthe pat-
terns is severe, so that a normal least-squares refine-
ment of the structure (R : 0.17) did not lead to
conclusive results. Assuming that the layer structure
of Li3V6O15 is rigidly incorporated into the hewettite
structure, an adjusted structure is proposed, which
is considered to be more realistic than the least-
squares structure. (3) The structure analyses of Bach-
mann & Barnes (1962) were re-examined. It is found
that their structures, although based on the layer
structure of Li3Y6O16, contain gross distortions of
this structure. The quality of their data, and the
supposed degree of hydration of the two crystals
studied, are called into question.

These studies have led to the conclusion that: (i)
the dimensions of the V6Ol5,vanadium bronze layer
are well defined by a refinement of Li3V6O16 using
the data of Wadsley, and (ii) that this layer is probab-
lyrigid and is only slightly distorted by incorporation
into other bronzes with variable amounts of low-
charge cations and water molecules. The present
study of hewettite, although based on data of poor
quality, strongly supports the latter conclusion, and
throws light on the structure analysis of Bachmann
& Barnes , whose experimental difficulties were much
more serious. It has been shown @vans & Hughes,
in prep.) that the VuOtu layer forms the basis of
several vanadium bronze minerals in addition to
hewettite and metahewettite, namely: barnesite
(Weeks et ol. 1963>, hendersonite (Lindberg et ol.
1962), and grantsite (Weeks et sl. 1964). Clearly, a
more detailed structure-analysis of another member
of this group, especially a trihydrate, is needed to
support the results reported here, but the extreme
softness of these minerals makes such a study dif-
ficult.
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