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ABSTRAcT

Hallimondite is a new lead uranyl arsenate mineral found at the Michael Mine near

Reichenbach in the Black Forest It forms small yellow crystals and coatings in cavities and

fractures of quartz and is associated with hiigelite and mimetite.

Crystals of hallimondite have triclinic symmetry. They are tabular and more or less

elongated along the c-axis.  Observed forms: a {  100},  b 1010},  c {001 } ,  m {  110},  n {610},  k

{011 } , q {018 } , p {111 }  Nod i s t i nc t c l eavage , f r ac tu reconcho ida l , co l o r ye l l o l v , s t r eakpa le
yellow, luster subadamantine, hardness probably like that of parsonsite 2]-3, G meas.
(synthetic hallimondite) 6.39, calc. 6 40; no fluorescence; optically biaxial (i), 2Y near

80o, r ) v, @ 1.882 + 0.005, 7 1.915 + 0.005, weak pleochroism.
Unit-cell dimensions were determined from calibrated Weissenberg photographs: o

7.123,b 70.469, e 6.844 A, a 700"34', p 94"48',7 9I"16', aib:c:0.6804;1 :0.6537, spact:
group probably PI, Z:2. Partly indexed powder patterns are listed both for natural and

synthetic hallimondite. Strongest lines (natural): 4.42(6),3.42(10),3.03(6), 2.85 A (8). The

formula Pbr(UO)(AsOr)s was derived from synthetic material. For natural materiai the

results of microchemical and spectrochemical analyses are given. The DTA curve of syn-

thetic hallimondite shows a distinct endothermic effect at 940o C.
Hallimondite is the arsenate analogue of the lead uranyl phosphate minetal parsonsite.

INrnolucuorq

The new species described herein was discovered among the secondary
minerals of the Michael Mine which in olden times exploited a lead-zinc
vein near Reichenbach in the Black Forest (east of Lahr). The author has
already given a short preliminary description of the new mineral in an
article dealing with the secondary mineral paragenesis of this vein
(Walenta, 1961).In addition to hall imondite a number of other uncom-
mon secondary minerals occur at this locaiity: hiigelite (arsenate ana-
logue of the lead uranl'l phosphate dumontite), widenmannite (lead

uranyl carbonate), weilerite (member of the beudantite-crandall ite series
with barium and aluminum as cations) and a new as yet unnamed lead-
zinc arsenate. The name hall imondite is for Dr. Arthur F. Hall imond,
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1144 KURT WALENTA

London, to whom we owe major contributions to the knowledge of
secondarv uranium minerals.l

The discovery of hall imondite was made by the author in the course
of a new investigation of the mineral hiigelite. Small vellow crystals
associated with htigelite could not be identif ied with any known rnineral
and proved to be a distinct species. The hall imondite-bearing specimens
of hiigelite rvere found bv Goldbach, a mineral collector, before the first
world war. On the original label the Iocalitv is given as Reichenbach near
Lahr. The mineral association proves that the samples originated from
the Michael Mine. Attempts to find new samples of hall imondite in the
area of the Michael Mine in recent years were unsuccessful.

The author thanks the Deutsche Forschungsgemeinschaft for support-
ing this study. Thanks are also due to Professor Dr. Weil, University of
Strasbourg, who procured the original specimens of hiigelite.

MorB oF OccURRENcE

Hallimondite is found as small crystals and fine-grained coatings in
cavities and fractures of quartz. The quartz is gray and white in color and
more or less dense ("hornstone"). It contains inclusions of barite and
galena. Hiigelite and mimetite are associated with hall imondite. Earthy
mimetite in places coats hall imondite aggregates, thus proving that
hall imondite is older. On the other hand hall imondite evidently was
formed later than hiigelite, for in one specimen crystals of hall imondite
were found as an incrustation on hiigelite (Fig. 2).

In some cases oriented intergrowths were observed between hall i-
mondite and hiigelite. Intergrolvn crystals of the two minerals have
the c-axis in common.

The formation of hall imondite and hiigelite is due to the action of
arseniferous and uraniferous waters on galena. The arsenic acid has been
derived bv oxidation of native arsenic which is rather abundant in the
Michaei vein. The source of uranium is not exactl l '  known, as no primarl-
uranium minerals occur in the vein. Probably the uranium has been de-
rived from the wall rock (Walenta and Wimmenauer, 1961).

Cnysr,lrrocRApHy

Crystals of hall imondite, though small, are usuall l '  well-developed.
Their length does not exceed 0.4 mm. They are flattened on {110} and
{100} and more or less elongated along the c-axis. Some crystais are
double-terminated; generall l ' ,  however, they are attached by one end of
t he  c -ax i s .  Obse rved  fo rms  a re :  a  {100 } ,  b  {010 } ,  c  {001 } ,  m  {110 } ,

I The name hallimondite has been approved by the Commission on New Minerals and
Mineral Names. I.M.A.
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Tasln 1. ANcm Teer-n non H.q.llruoNortn

1 145

Triclinic

aibtc:0.6804i1:0 6537; a 100o34', B 94"48',  y 91"16'
po : eo : ro : 0. 9t[48 : 0 6516 : 1 ; ], 7 9o !7', pL U" 53', v 87o 48'
p'o 0.9650, q'o 0 6655; x'n 0.0839, y'o 0 1899

Forms

c 001
b 010
a 100
m 110
n 610
k  0 1 1
q 018
p  1 1 1

23"+9',
0000'

87"48'
.).t-.)o
8lot7'
5"36',

17" 4',
49035',

11"44'
90000'
90'00'
90000'
90"00'
40"41'
rJ-.) /
54" \',

84"53',
87"48'

33"52',
6031'

84'56',
84"48',
50"32'

79"17',

87048',
53056',
81017',
49"32',
7 4046',
58"22',

79"17',
84'53'
79"52
83043'
29045'
+"31'

43"39',

n  {610 } ,  k  [ 011 ] ,  q  {018 }  and  p  {111 }  (Tab le  1  and  F ig .  5 ) .  F igu res  1

to 4 show the characteristic habit and form deveiopment of the cry'stals.

The largest  faces are {110}  and {100}.  {010}  and the s ix-s ided base

{001} are of  medium s ize,  {011}  and {111} are smal l '  The base is  s t r ia ted

parallel to the intersection with [010]. This striation is caused by the

development of narrow vicinal faces-according to angle measurement

under the microscope {018}-which alternate with sections of {001}
(oscil lating faces). A similar striation can be observed on {100} parallel

the c-axis. As in case of the base it is due to the development of oscillating

Frc. 1. Hallimondite crystai of typical habit embedded in xylene. Michael Mine'

MaEnification about 135X.
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Frc 2. Hallimondite crystals on hiigelite. Michael Mine. Magnification about 60X.

Frc. 3. Morphological development of hallimondite crystal, slightly idealized.
Comb ina t i on  a  [ 100 ] ,  b  { 010 } ,  c  { 001 } ,  m  {110 } ,  k  { 011 } ,  p  { 111 } .
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Frc. 4. Basal section of hallimondite crystal (with optical orientation).

I  r + l

too 610
Frc. 5. Hallimondite. Stereosram.
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vicinal faces. Angle measurements-giving angle values of about 6o be-
tween the v ic inal  faces and {100}-prove the faces to be {610} .

The angles given in Table 1 are not based on direct angle measure-
ments, but on the more accurate results of the r-ray study. Direct mea-
surements carried out by rneans of a two-circle reflecting goniometer and
also under the microscope with the aid of the universal stage were not
always satisfactory in view of the smailness of the fir.ces. Their accuracy,
however, was sufficient for identification of the faces, even of the small
vicinal faces mentioned above.

Direct angle measurements were also used for a first preliminarv calcu-
lat ion of  ax ia l  rat ios.  The axia l  rat io  b:c :1:0.6552 der ived f rom these
measurements agrees well with that obtained by the r-ra1' study
(1:0.653i ) .  In  case of  the a:b-rat io ,  however,  the agreement  was less
satisfactory.

Pnysrcel AND OprrcAr Pnopnnrros

Crystals of hall imondite do not show any distinct cleavage. The
fracture is conchoidal. The color is yellow, markedly different from the
more orange and brownish yellow coior of hiigelite. The streak is pale
.vellow. The luster of the transparent to translucent crystals is subada-
mantine. The hardness is low and probably identical with that of
parsonsite (2+-3). The specific gravity of natural crystals could not be
determined with accuracy because of the small amount of material
available for study. The measured specifi.c gravity of s,"-nthetic crystals
is 6.39, which agrees well with the calculated value of 6.40. Hall imondite
does not show any fluorescence in short-wave or long-wave ultra-violet
l ight.

Optical data are:

d  1 . 8 8 2 + 0 . 0 0 5
7 1  9 1 5 + 0 . 0 0 5
biaxial positive, 2V large (near 80o), r)v
Extinction angles: on (100) Z'\c 11o

(010) x' , \c 11o
(001) x,nb 90

Crystals of hal l imondite appear pale 1'el low under the microscope.
The,v show a weak pleochroism: X pale yellorv, Z nearly colorless (ab-
sorp t ion  X>Z) .Owing to  the  d ispers ion ,  ex t inc t ion  is  no t  sharp  when
nicols are crossed and anomalous blue and brown interference colors can
be observed. The values of the extinct ion angles show that the optic
plane is closest to the [001 ] plane (Figs. 4, 6). These values, however, are
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not wholly uniform. Sometimes substantial variations in extinction
angles can be observed even within an individual crystal.

X-nev D.q.ra

The unit-cell dimensions of hallimondite were derived from calibrated

Weissenberg photographs taken about the three axes o, b and c. Potas-

sium chloride and in one case copper were used as internal standards
(oKCI 6.29294A, Hambl ing,  1953;o Cu 3.6153 A,  Baret t ,  1953). In the

following table the results of the single crystal r-ray study are summa-

rized. Limits of error are assumed tobe0.t5/6 for the unit-cell edges and

10'for: the unit-cell angles.

direct lattice a 7 .123. b 10.469, c 6.844 A
a 100o34' P 94"48', y 91"16'
a ib :  c  :  0 .6804i1 :0.  6537

reciprocal lattice ol 
i r:I?.' # il:::'.' ;: :r.:::,t 

o-

The unit lengths were taken in the order c1alb according to the rule

now generally pdopted. This choice makes c the repeat distance along the

marked prismatic zone. The form development of the crystals implies

that they have a center of symmetry. Therefore, it is assumed that the

space group is P1 .
Calculation of the specific gravity from above data (giving a cell vol-

ume of 499.6 A3) and the formula Pbr(UOJr(AsO+)z with Z:2 yields a

value of 6.40.
Table 2 gives r-ray powder data both for natural and synthetic

hall imondite (d-spacings in A with estimated intensities from I to 10).

The photographs were taken with FeKa radiation and Mn fi lter using a

camera of 57.3 mm in diameter. The d-spacings are corrected for f i lm

shrinkage. In addition the Hadding correction was applied to com-

pensate for sample thickness.
The powder patterns of natural and synthetic hallimondite are nearly

identical. The powder photograph of synthetic hall imondite, however, is

somewhat sharper and contains more measurable l ines' If the powder

data are compared closely, also some small differences in d-spacings can

be observed. Generally, the d-spacing of natural hallimondite are slightly

larger. Though the difierences are at ieast in part within error limits of

l ine measurement, their general tendency may be real.

The calculated d-spacings with indices given in Table 2 are derived

from the unit-cell dimensions of natural hallimondite determined by the

Weissenberg method. The calculated values agree closely with the mea-

sured d-spacings.

rt49
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Tanr,u 2. X-nlv Poworn Dare lon Nerunn;- ano SvNrnnrrc Her,lnroNnrrn

d (observed)

10 24
7 .O9
6 . 1 9
5 . 9 3
5 1 3
4 . 8 3
4 . 4 2
4 . 2 6
4 . 0 9

3 . 4 2
3 . 3 3
3 . 2 2
3 . 1 3
3 . 0 8
3 . 0 3

2 . 9 4
2  . 8 5
2 7 3
2 . 6 6
2 . 6 0
2 . 5 4

2 . 2 6

2 2 0

2 . 1 5

2 0 9

2 . O 3
1.966
1 .916
1 .893
1 .866

1 . 8 1 8
r . 7 4 0
1 . 7 2 5
1 . 6 9 8

1 .650

1 .  J 6 /

1 .539
1 . 4 9 9

2
3
2
1
1

1 / t

6
5

1/2
1 / a

10 difi.
5 difi.
3

r/2
6

1/2
8
1
1
2
1
2

1

1/2

3

1

1/2
2

1/2
2

1/2

r/2
3
1
3

r/2

Ilallimondite Michael Mine

d (calculated)t

10.284
7 092
6.  163
5  . 9 4 6
5 . 1 9 0 ;  5 . 1 4 2 ;  5 . 1 0 3
4 . 7 9 4
4 . 3 7 7
4.241
4 089
3  . 7  5 7 ; 3  . 7  5 6
3 . 4 3 2 ; 3 . + 2 8 ; 3  3 9 3
3 . 3 5 1 ; 3 . 3 1 3 ;  3 . 3 1 2
3  2 1 7
3 1441'3 14O;3.134
3 . 0 8 2 ; 3  0 5 7
3.O41;3  025;3 .024;
3 .009
2 961;2-93O
2 868i2.845
2 . 7  5 1 ; 2  . 7 0 6
2 . 6 5 6
2 595-,2 579
2.5521 '2  .5+5 i2 .52 t
2  .364t  2  .356
2 . 3 2 3 ; 2 . 2 9 9
2 272;2-264;2  261;
2 . 2 5 2 ; 2 . 2 5 2
2  2 O 4 t 2 . 2 0 3 ; 2  2 O 0 i
2 .198 i2 .189;2 .187
2 . I 6 5 i 2 . 1 6 3 t 2  . 1 5 3 1
2 149i2 147
2 1O3i2  O85:2 .O83;
2 .083 i .2  078;2  078 i
2 . O 7 5
2 .O45t  2  .O l8

Hallimondite synthetic

d (observed) I

2
1
3 difi
3 difi.
1 difi.

r i2

010
100
0 1 1
1 1 0
0 1 1 ; 0 2 0 ;  1 0 1
1 1 1
1 1 1
t20
120
121i 021
I21; O30;21O
OO2;210l 031
121
112;  102;  130
O22;2rr
I3Ot  20 I i  Ot2 i
131
112;1O2
220;03r
221;131
032
o22; l3l
2O2;212i 132
300.  212
slo;231
ot3;041;222
31L;042
O23t212i032i
7Lr:.222; lO3
371; 142t732;
123;231
0131232t 3l1i
2 4 1 ; 1 0 3 . 0 5 1 ;
32r
24O:3O2

1 0 . 4 3
i 0 9
6 . 1 9
5  . 9 3
5  1 3
4 .  8 5
4 . 4 1
4 . 2 4
4 0 7

3  . 4 0
3  . 3 0
3 . 2 r
3 .  1 3
3 . 0 7
3 . 0 1

2 9 3
2 . 8 4
2 . 7 1
2 -64
2 5 8
2 5 1
2  . 3 5
2 -31
2 2 6

2 . 2 0

2 1 4

2 0 8

2 . 0 3
1 . 9 i O
1  . 9 1 0
1  . 8 8 7
1 862
1 .840
1 . 8 1 2
l .  / J o

1 . 6 9 6

1 656
1 . 6 4 1
1.620
1 .585
1 .540
\ 496
1 .467
1 456

10
3
3
2
2
4

1
9
2
1
2

1/2
2
2
2

1

4

I

1
2 difr.

r/2
4
1
I
1
6 difi.

5
1
1
1
1
2 dil{.
2
2

r /2
1 / 1

1 r 2

I d-spacings are calculated from unit-cell data.
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Table 2-(continued)

I 151

d (calculated)r

Hallimondite Michael Mine Hallimondite synthetic

d lobserved) d (observed)

I  .430
1 .408
1 . 3 9 3

1 359
1 . 3 4 2
1  . 3 1 5
1 .303
1 282
1  2 7 1
1 254
1 210
1  . 2 2 0
1 204
1  . 1 8 8
1  . 1 8 1
1 . 1 7 4
1 . t 6 2
1 . 1 4 5
1 .  1 3 3
r . l 2 l
1 . 1 1 2
1 .  1 0 6
1 .099
1 . 0 7 5
1 .066
1 050
1 .043
1 . 0 3 6
1 . 0 3 3
1 .028
1.024
1.017
1 . 0 1 4
1.009
1.006
1.003
o.994
0.988
0.985
0 . 9 8 1
o . 9 7 9

t / 2
I
1
2
I
1
3
1 difi.
1 diff.

r/2 difr.
2 difi.

r/2 difr.
2 difr.
3 difi.
I
1
1
3

1/2 dift.
2
2
I d;E

1 r 2
2
1 difi.
1

r/2
1/2

r/2
1 difi.
6
1

r/2
2

CnBurc,q.r ColrposruoN

The mineral is easily soluble in HNOa 1:1. A microchemical analysis
gave Pb, U and As as major constituents. The spectrographic analysis of
a hallimondite sample somewhat contaminated with quartz, which
kindly was carried out by Dr. Pfeilsticker, Chemisches Untersuchung-
samt der Stadt Stuttgart, confirmed the above result. P could not be
detected with certainty, if present it occurs only in trace amounts. In
addition to the major constituents the spectrographic analysis indicated
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the presence of Ba, Si, Fe, Cu, Ca and Sr in small amounts or traces.
Though, in view of the presence of impurit ies, it cannot be said with
certainty whether all of these elements are constituents of hail imondite,
it is probable that at least part of the detected bivalent cations are in-
corporated in the hall imondite structure where they substitute for Pb++.
Due to the small amount of material available for studv a cuantitative
chemical analvsis could not be made.

SvNruosrs

Hali imondite was synthesized by reacting solutions of lead acetate or
nitrate, uranyl nitrate, and arsenic acid and then heerting the precipitate,
either in contact with the mother l iquid or with pure water, in pressure
vessels at temperatures ranging from 150" to 180o C. Arsenic acid was
used in equivalent amounts or in excess. Under these conditions precipi-
tation took place in the acid range (pH 2-5).

'I 'he procedure did not always give an entirely pure product. Fre-
quently, in addition to hali imondite, lead uranospinite formed in square
or rectangular tabular crystals. Increasing the amount of arsenic acid
reduced or suppressed the formation of this compound. However, if
arsenic acid was present in considerable excess, another byproduct, the
acid lead arsenate, schultenite (PbHAsO), formed in thin tabular
crystals. On the other hand, hiigelite was sometimes obtained as by-
product if the amount of arsenic acid was reduced and precipitation took
place at about pH 5. The best results were achieved taking a lead acetate:
uranl.l nitratelarsenic acid (AsO+) molar ratio oI 2:l:4 (or 5) and not of
2: l :2  as demanded b1.  the formula.  Ross (1956) who prepared parsonsi te,
the phosphate analogue of hall imondite, states that this phase, too,
forms in the acid range (pH 2-6).

Synthetic hall imondite obtained by the above method forms terbular
crystals of yellow color which in some cases almost reach the size of
natural crystals. The largest crystal observed had a length of about 0.3
mm. The crystals resemble natural ones in habit (Fig. 7). Closer inspec-
tion, however, reveals that at least part of the cr1'stals, unlike natural
ones, are flattened on [010] and elongated along the o-axis. One crystal,
investigated on the universal stage under the microscope, showed in the
marked pr ismat ic  zone of  the o-axis  in  addi t ion to {010} ,  {011}  and [001]
a number of  faces,  i .e .  l0 l l  l ,  {043}  and {021},  not  observed among the
forms of  natura l  crvsta ls .  {0a3}  is  exceedingly narrow. {021}  and {011}
also are very narrow, whereas {011}  and {001} are somewhat  larger .

The specific gravitl- of synthetic hallimondite was determined by
means of a pycnometer. The measured value of 6.39 agrees closely with
that calculated from x-ray data (Table 2). The optical properties of syn-
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thetic cr)'stals have also been checked. They were found not to be en-

tirelf idgn6i.al with those of natural ones. Whereas the a value of s1'n-

thetic crystals (1.880+0.005) is virtually the same as that of natural

hall imondite (1.8S2+0.005), the value of z is markedly greater (1.939+

0.005) as compared to 1.915+0.005 for the natural mineral). This means

Frc. 6. Hallimondite. Stereogram showing optical orientation.

that the birefringence of the synthetic compound considerably surpasses
that of natural crystals. Also the pleochroism of synthetic crystals seems

to be somewhat more distinct than that of natural ones.
The exact cause of the difference in optical behavior of synthetic and

natural hallimondite crystals is not knolvn, but there is a possible ex-
planation for it. Natural hallimondite, though a secondary mineral,
probably- is not of very recent formation. The radioactivity of uranium

and its decav products. therefore. mav have caused lattice disorders in
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natural hall imondite crystals and reduced their birefringence in the
course of t ime.

Radiartion damage in naturer.l hall imondite cr)'stais may also explain
the observation that the powder pattern of natural hall inrondite is poorer
in quality than that of the s_vnthetic compound. It is possible that they
also caused the small differences in d-spacings of natural and synthetic
hall imondite. The general tendencl. of the difierences implies that the
unit celi of natural hall imondite is slightl.v larger than that of the syn-
thetic product as is to be expected if the natural mineral had been ex-

!'rc. 7. Intergrown crystals of synthetic hallimondite embeddecl in Canada balsam.
Magnification about 150X.

posed to radioactivity for a long period. On the other hand snrall differ-
ences in unit-cell dimensions might also be due to isomorphous substitu-
tion. Among the eiements detected by spectrographic anall 'sis as possible
minor constituents of natural herll imondite, Ba has a larger ionic radius
than Pb. Hence partial substitution of Ba for Pb in hnll imondite would
Iead to a somewhat larger unit cell. The question of Ba-pb substitution
in hall imondite was also experimentally investigated. Attempts were
made to synthesize a pure barium hall imondite b1' the method used for
the synthesis of the lead compound. These attempts, horvever, failed. In
all cases the product obtained was Ba(UO2)r(AsO+)z.nH2O (heinrichite)
and not the barium analogue of hall imondite. Evidentlv, a pure bariuni
analogue does not exist and if there is anv substitution of Ba for Pb in
hall imondite, the extent of it is l imited.

Below the results of a chemical analysis of synthetic hall imondite are
cited (1). The analysis was carried out b1r the Laboratorl. Dr. Fresenius,
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Wiesbaden (Fresenius and Schneider analysts). The second column (2)
gives the theoretical weight percentages for the composition Pbr(UOt
(AsO+)2.

45 gTa

28 lTo
26 sok

(2)

46.39%
29.73c/a
23.8870

total 100.5%)

Weight loss determinations after heating a sample of synthetic hall i-
mondite at dif ierent temperatures (up to 600' C.) showed that the com-
pound does nol contain an appreciable amount of water.

Though there is no ideal agreement between the results of the analysis
and the theoretical composition for Pbz(UOz)(AsO+)2, the deviations are
not great enough to warrant a modification of the formula. The PbO-
value fits rather well the theoretical weight percentage for PbO, whereas
in case of UO3 and AszOr the differences are somewhat greater.

Tnpnlr,qr Bpnavron oF SyNTHETTc HALLTMoNDTTE

Sl.nthetic hall imondite becomes orange to brownish yellow when
strongly heated. Upon cooling it regains the original yellow color. The
optical properties are not influenced by strong heating. One sample
heated to redness for about 15 minutes did not show any noticeable
change in optical behavior when investigated upon cooling.

The DTA curve of synthetic hall imondite heated to about 1000" C.
shows an endothermic effect at a temperature of about 940' C. A powder
photograph taken of the sample after heating does not show any funda-
mental changes in comparison to the pattern of unheated hall imondite.
The heated sample had turned into a compact mass and when investi-
gated under the microscope crystal forms could no longer be observed
among the fine-grained aggregates. Evidently, the registered endothermic
effect is due to fusion of the substance. The heating experiments prove,
the same as the resuits of the weight loss determinations, that hall imon-
dite does not contain any water of crystall ization.

It may be mentioned that the optical properties of strongly heated
natural hall imondite crystals were also checked and found to be the same
as those of unheated cr1,s1u1r.

ColrpanrsoN or H,qr,lrlroNDrrE AND PansowsrrB

In Table 3 some properties of hall imondite and parsonsite are con-
pared. The symmetry of parsonsite was assumed to be monoclinic unti l

( 1 )

Pbo
UO:
AsrOs
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now, although Frondel (1958, p. 233) states that the possibil i ty of tri-
cl inic symmetry cannot be ruled out. In view of the established tricl inic
symmetry of hall imondite, there can be hardll '  any doubt that parsonsite
also is tricl inic. The formula of parsonsite was determined by Bignand
(1955) to be Pbz(UO)(pOJ, in agreement with the anhydrous nature of
hall imondite, and not as formerly assumed Pbr(UOr)(PO4)2.2H2O.

The data show that the indices of refraction and the specific gravity of
parsonsite are smaller than those of hall imondite as is to be expected if P
substitutes for As. The ionic radius of P5+ being smaller than that of
4tr+, it is also to be expected that the unit-cell edges of parsonsite wil l be

Terrn 3. CoulenrsoN ol Der,l lon H.llrrrrroxDrrE AND P,q.nsoNsrrn

Hallimondite (natural)

Pbz(UOz) (AsOq)z
Parsonsitel)

Pbr(uoz)(Por):

Triclinic
a  7 . 7 2 3 4 - d , o o  7 . 0 9 2 4
b 10  469 A ' -  dn ,o  10 .234 A
c 6 844 A - doi),  6.701 A
a 70Oo34', B 91"48', a 91016'

a 1 8 8 2
y  1 . 9 1 5

Biaxial positive
G 6 40 (calc.)

Monociinic or triclinic
d r n o  6 . 7 7  L
d o , o  1 0 . 2 1  A
c  6 . 8 4

a 1  85  (1 .795-1 .870)

7  1 . 8 6  ( 1 . 8 1 5 - 1 . 8 9 0 )
Biaxial negative

c  5 . 7 1 - 5 . 7 5

r) Data for parsonite according to Frondel (1950,1958), Bignand (1955), Chervet and
Branche (1955).

smaller than those of hall imondite. Though the data for parsonsite de-
termined by Frondel are incomplete, a comparison of the d-spacings 100
and 010 as well as the c-values shows that this is indeed the case. It ma,v
be inferred from the values that the differences in unit-cell edqes are
greatest in the direction of the @-axis.
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