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Assrnecr

Boulangerite, a lead sulfantimonide, has been studied on new material, the first which
has proved suitable for detailed crystallographic examination. ft is monoclinic, prismatic,
2fm, psetdo-orthorhombic. Elements a:bic:0.9l'gi1 :0.3456; 0:100"39*,. Some 60
crystal forms were observed. Lattice constants (Berry): ao:21.14 A, bn:23.46;t, ro
:8.07 A, g:100%8'. New analyses by Gonyer on Washington boulangerite confirmed
Shannon's earlier analysis and Berry's cell content of pbroSb:gSss.

CnysurlocRApHy

Boulangerite is one of the many fibrous sulfantimonides of lead con-
cerning the crystal form of which little of a definite nature has hitherto
been known. Its slender striated prisms generally show no terminal
faces. Sjcigren (1897) measured crystals from Sala, Sweden, which he re-
garded as orthorhombic, and on the basis of a single domal face he was
able to establish an axial ratio. Shannon (1921) found a single pyramid
face on a crystal from Stevens County, Washington, and also inferred
orthorhombic symmetry but obtained an axial ratio in very poor agree-
ment with that of Sjcigren.

New studies on boulangerite from three localities have been successful
in revealing its true crystallographic nature. The mineral proves to be
monoclinic with an astonishing wealth of forms. The results of these stud-
ies are presented in the following pages.

The first measurable crystals of boulangerite were found in small vugs
of a massive, coarsely fibrous material from Rocker Gulch placer claim
near Deerlodge, Montana (Specimen No. 92671). This material was sup-
plied by Ward's Natural Science Establishment and bore the name
geocronite. rn addition to the dominant boulangerite, there is coarsely
granular sphalerite present, crytsals of pyrite, and, in a single cavity,
crystals of bournonite, identified by crystal measurement, and showing
the forms:-
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The boulangerite crystals are needles of dark iron-gray color, ress than
a half millimeter in diameter and from a few to ten or more millimeters

* contribution from the Department of Mineralogy and petrography, Harvard uni-
versity, No. 253.

5s2



BOALANGERITE 553

in length. Since they project from the walls o'f vugs, they are all singly

terminated. The needles are very brittle, the slightest pressure causing

them to break into thin leaflike flakes along a single pinacoidal cleavage'

which proved to be parallel to o{100}. The prisms are deeply striated

parallei to their length so that they gave generally a continuous chain of

*eak or colored signals on the goniometer, but the best crystals gave a

consistent series of prism forms. The numerous terminal faces are So

minute and so irregular as to give under the binoculars no definite clue

of symmetrical distribution; but their weak signals gave position angles

whilh when projected yielded a definite pattern, repeated, although with

great variation in the forms present, on successive crystals. By plotting

lh. -"urrrr.ments of each crystal on transparent paper and superimpos-

ing these projections, with rotation about the projection center, parallel-

ism was obtained and the form series was developed.

The projection showed apparent orthorhombic symmetry as regards

spacing- of poles. However, the radial zones to prism faces did not inter-

sect iLthe projection center but rather at a point about ten degrees ofi

center-a point not represented by a crystal face on any of the crystals

at first measured. This fixed the symmetry as probably monoclinic' a con-

clusion strengthened by each succeeding measurement and subsequently

proved by *-ra,y study as reported on a later page.

Identical crystallographic characters including the wealth of forms

were later found on boulangerite from the Gold Hunter Mine, Mullan,

Idaho, described by Shannon (1918) as "mullanite"l and on crystals

from Stevens County, Washington , also analyzed by Shannon (1925)'

Boulangerite is, then, monoclinic but with pronounced pseudosym-

metry both orthorhombic and tetragonal, as shown in the gnomonic

projection, Fig. 1, which presents several unusual features. Although

ihere is an unusually rich form series, one primary zone [010], parallel

to the symmetry plane, is almost missing since both {100} and {001f are

seldom found and only one orthodome, {101}, is at all common' The

axial zone [001] is of course strong, the crystals being strongly prismatic

in that direction and showing four well-established prism forms' The

clinodome zone [100] is also well marked. A strange feature of thispro-

jection is the absence of poles in the central area. {001 }, {011 } and { 201 J

are among the rarest forms and the unit pyramid [111] has been found

on but two crystals. If these be omitted, there are but three forms which

have a slope angle (p) less than 40o.

The lattice of boulangerite is pseudo-orthorhombic because ro' is al-

most exactly half of /o', another case like that of brochantite recently

described by Palache (1939). It is pseudotetragonal because po' and qo'

are so nearly equal and the @ of { 110} is about 48"'
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Frc. 1 Gnomonic projection of boulangerite. e indicates most common forms.

The combinations of forms found on eight crystals from Montana, five
from fdaho, and two from Washington are shown in Table 1. From this
table it appears that the most frequently occurring forms on Montana
crystals are:. a, g, M, fl, f , {, D, 6, G, 6, R, p, X, and.A; on Idaho crystals c,
tu, f , f i , a, E, and f ; on Washington crystals f ,fr, A, d, G,6, and d. Of these
forms only two, /{031} and 4{131} are among the commonest for all
three localities. Several, however, are common on two localities. rt is
clear that many forms occur at all the localit ies and that a larger number
are confined to one. This last fact may be due to the better and more
numer.ous crystals measured from Montana. At least ten forms not listed
were found once only on the Montana crystals.
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Tesr-n l-Conli.nued

MontanaLocalitr 
I

Crrstal 
I

u 341
v 361
o 311
r 521
o 3-51
w 4t1
x 421
r 411
^ 421
I/ 531
x 541
@ 631
o 641
A 651

x
x x

x
x

x x

x

x
x

x
x

x
x
x

x
x
x

x

x
x

Ttnt-n 2a. Musunpn Altcr,ns oN Bour,ANGDRrrE FRoM Mowrlx.l

Range
I 

Calculated

b
a

c

o

A

5
6

22
1 8
I

5
6

a

2
?

5
6
o

I

010
100
130

110
210
02l

031
041
051

061
101
221

J J I

441
551

221
331
44r

I

t0  25
7 5 8
6 1 3

6 p
0027,90000,

88 44 90 00
20 20 90 00

47 5s+ 90 o0
65 39 90 00
15 14 35 53

I
-  ? o l R r - l  ? o ? < ,

89 M- 94 48
1 9 3 9 -  2 t W

47 15-  4842
6 5 0 0 -  6 6 1 5

9 2 r -  1 0 5 5
7  3 r -  8 2 7
5 5 9 -  6 3 1

4 4 6 -  5 2 9
8 9 2 8 -  9 0 4 1
5 2 5 8 -  5 4 2 1

5 2 0 2 -  5 2 2 6
5 1 0 5 -  5 1 2 7
4 9 5 0 -  5 0 2 6

4 2 1 2 -  4 2 5 2
43 34-  45  52

Q P
0000' 90"00'

90 00 90 00
20 19+ 9000

48 01 90 00
65 46+ 90 00
15 14 35 37

10 17i 46 30
7  45  5422
6 rs 60 05;

5 11 64 20t
90 00 29 46i
5408+ 49 4s

52 r6i 59 27
51 16+ 65 39
50 3e; 69 sl;

-39 59; 42 Os+
-42 s4+ s4 4s+
-M 16+ 62 s7

p

,n
n

f

j

B
D
C

46 s4i
s4 09+
60 06

5 07+ 64 2r
90 04+ 2e s2
s3 39+ s0 25

52 18 59 25
51 18 65 39
s0 08 70 or+

-39 37 41 56
-42 s7+ 55 ff i
-M 21 62 59

46025',46043',
54 14 -55 00
59 49 -60 30

64 18 -64 24
29 50 J9 54
49 45 -57 05

59 17 -59 34
65 32 -65 .55
70 00 -70 03

54 40 -55 22
62 40 -63 30

q

o



E
F
G

L
C

o
^v

1Ul

R
p

6
p

s
T
U

v
c

@

vl

X

T
A
Y

z
o
o

t2l
131
t4l

I J I

12r
131
r41

Is1
2 l l

231
251
2rl

231
24r
251

3 1 1
321
34r

361
3-11
321

3s1
4tl
421

4rr
42r
531

541
O J I

641

6s1

I

10

6
39 43
29 09
22 29
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Trr;,n 2a-Continued'

RangeMeas. Aver. 
I

o

42 t0
49 5l
56 16

l 8  14  6 t  16
-15 19 35 45
- 10 52 .46 08
-  820 s437+

-  6 0 2  5 9 5 7
69 41 45 37

42 30 54 40
29 06 63 L4+

-59 53 33 15

-27 50 50 03
-22 35+ 56 26
-18 32+ 6r 14

75 30 54 25
62 45 56 30
44 05 62 28

32 54 67 58
-69 55; 45 28
-54 r0 49 46

-28 56 63 29
79 09 60 19
68 r7 61 33

-  / . )  . t J  J4  J l

-62 35 56 25
64 00 66 50

56 25 68 13
-63 46 67 M
-56 36 68 21

Calculated

Q P

39 37 4t 54
28 53+ 4e 49+
22 2e s6 14+

18 19+ 61 13
-rs 49 s5 +1+
-10 4r+ 46 32
- 8 03+ s4 23+

-  6 2 8  6 0 0 6
70 07+ 4s 28+

42 41 54 40
28 57+ 63 08"

-59 12 34 01

-29 rs 49 54+
-22 45 s6 r7+
-18  33  61  15

75 s2+ s409
62 43 56 27
M06+ 623s

s2 52+ 67 s7
-70 16+ 45 4oi
-54 21 49 52

-29 09 6s rr+
78 40 60 22+
68 09+ 61 42+

-75 s7 s4 r7+
-62 51 56 34

6s 48+ 66 56+

56 45 68 22
-63 53; 67 00
-56 5G 68 2s

-50 45+ 69 s3;

a

2 9 0 5 -
2 r t 6 -

p

49 22 -50 20
56 00 -57 0,t

45 34-46 33
54 30 -54 45

59 47 -60 05

54 25 -55 00
63 00 -63 37

49 38 -50 30
56 09 -56 45
60 55 -61 33

54 20 -54 32
56 16 -56 54
62 00 42 52

67 12 48 35
45 19 -45 33
49 43 49 49

63 12-6400
6000-{0 42
61 16 -61 50

54 22 -54 40
56 12 -56 32
66 36-67 12

66 53 -67 20
68 t5 -68 27

69 45 -70 18

I

J

z

I

A

n
1

(
6

3

5

5  3 9 -

4 1 4 3 -
2 8 4 2 -

2 7 0 1 -
2 2 t 9 -
1 8  1 0 -

75 12  -

6 2 4 t -
IIJ +J -

3 2 4 9 -
6 9 3 r -
5 4 0 9 -

2 8 4 3 -
7 8 2 5 -
67  49 -

- 7 5  3 2  -
-62  t3  -
-63 26 -

-63 40 -
-56  t9  -

29  11
23 16

t l  23
8 2 8

6 2 9

42 5l
29 30

28 46
23 04
19 05

7 s M
62 50
M20

33 00
70 10
54 t l

29 08
80 01
68 39

75 38
63 09
64 42

63 53
56 47

50 41

4
z

3

8

I

4
q

1

4 -50 28 70 00;
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Tl'tr.n2b. MrasunnunNrs oN Bour,eNcnnrrn rnou fnano.

Meas. aver. Range

c

P

001
100
120

110
2r0
0 1 1

021
031
101

201
1tl
221

,')'l

121
t2 l

r31
211
2rr

311
321
651

,n
n
d

e

J

a

r

A

**r 140
*q 130
*P 120

15 31;
20 te+
29 03+

90 00
90 00
90 00

15 31+
20 19+
2e 03+

87 52
86 19
84 51

74 28+
69 40+
60 s6+

No.

3
1
2

8
3
3

6 p
88'58',  12'01'
88 40 90 00
29 05 90 00

48 2s 90 00
66 tt 90 00
29 37 2t 25

16 27 41 42
10 33 46 32
90 24 29 46

-90 23 30 05
60 44 3s 37
54 14 49 14

-39 57 41 32
39 56 41 39

-15 22 35 38

-10 38 46 02
69 43 45 48

-56 14 34 48

-69 t2 45 10
-54 19 49 34
-sl 17 69 50

6 p
88"58',-90"00', 70"42' 73"20'

28 24 29 46

47 4t 49 03
65 03 -67 00
28 20-30 48  21  13  -2 r  40

9 M -rr 29 46 06 -46 54
90 00 -91 00 29 37 -29 53

Calculated

6 p
90"00' 10"39+'
90 00 90 00
29 03+ 90 00

48 01 90 00
6s 46+ 90 0o
28 34i 21 29

15 14 35 47
r0 r7+ 46 30
90 00 29 46+

-e0 00 30 06+
s8 52 33 45+
54 08+ 49 43

-39 s9+ 42 0s+
39 37 41 54

-15 49 35 41+

-r0 4r+ 46 32
70 07i 4s 28+

-59 t2 34 0l

-70 16+ 4s n+
-54 2L 49 52
-s0 4s+ 6e 53+

J

p
A

a
M
p

d

E
C

I
6
3

90 23 40 23

5
5

-38 36 41 23 41 23 42 r0
39 42 -40 t4 4l 06 42 00

- 15 03 -16 00 35 34 -35 55

- 10 15 -rt 19 45 08 -46 00
69 21 -70 05 45 30 -46 06

53 31 -55 06 49 rO- 49 52

4
1

I

1
3
1

Tesrr 3. Ar.rcr,r Taslr. Bour.Ancnmm

Monoclinic, prismatic

a:b : r :0 .9158:  1  :0 .3456;  g  :  1OO.39t r ,
poi qo:. r  o: 0. 37 7 4:0. 3396: |  ;  p :  79"20i,
r2t p2: q2:2.9443 : 1. 1111 : 1 ;  Po' :0. 3840 qo' :0.3456 *o':0. 1882

F o r m s O p 6 z p z : B C A

r 001 90'00, 10"39+, 79"20+' 90 00' 79"20i1
b 010 0 00 90 00 0 00 90.00, 90"00,
a 100 90 00 90 00 0 00 90 00 79 20+

2

m

0 0 0
0 0 0
0 0 0



Forms
*tn 110
*n 210

*+l 310

**k  410
**i 510
x*h 710

Qz p2:B
0 0 0  4 8 0 1
0 00 65 46+
0 0 0  7 3 1 8

0 0 0  7 7  1 9
0 0 0  7 9 4 8
o 0o 82 40+

7r 14+
ss 48+
44 28

36 2r+
s0 29+
26 08+

69 tt 90 00
60 13+ 90 00

r20 06+ 90 00

60 13+ 73 18
46 17 6s 27+
36 43+ 58 12

30 07 5s 15+
25 22+ 53 28+

120 06+ se 07+

133 s6+ s3 1s+
r43 2s+ 50 31+
60 13+ 59 02+

60 13+ 48 01
60 13+ 39 48+
ffi 13+ s3 4ri

101 04+ 55 51
101 04+ M 30
101 04+ 36 23+

101 Oq 30 31+
46 l7 75 58;
46 17 53 09

46 17 38 41
r20 06+ 73 2r+
120 06+ 48 o6i

7e 20+
79 20+
7e 20+

79 20+
7e zoi
79 20+

d 011
e 021
/ 031

I 041
j 0s1
o 06l

**u 102
c 101
y 20r

p rrr
A 221
B 331

D M 1
c 551
a 227

0 33r
6 441
E 121

F 131
G 141
L  1 5 1

58 24+
43 28+
ss 40+

G  L Z  L

o 131
t 141

I  151
M  2 I I
n x l

R 25r
p 2lI
v 231

a
48 01
65 46+
73 18

77 19
79 48
82 40+

28 s4+
15 14
r0 r7+

7 4 5
6 1 3
5 1 1

90 00
90 00

-90 00

58 52
s4 08+
52 16+

sl 16+
s0 39+

-39 s9+

-42 54+
-M 16+

39 37

28 s3+
22 29
18 re+

-15 49
-10 4r+
-  8 0 3 +

-  6 2 8
70 o7+
42 4t

28 s7+
-59 12
-29 t3

p

90 00
90 00
90 00

90 00
90 00
90 00

21 29
35 37
46 30

54 22
60 os+
64 20+

20 49
29 46+
30 06+

33 4s+
49 43
59 27

65 39
6e s1+
42 03+

s4 4s+
62 37
41 54

49 49+
s6 14+
61 13

3s 4r+
46 32
s4 23+

60 06
4s 28+
54 40

63 08+
34 0l
49 s4+

BOULANGERITE

Trw-r 3-Continued.

559

C A
82 06 41 59
80 17+ 24 13+
79 48 16 42

79 36+ 12 4r
79 s0+ ro 12
79 26 7 rgi

18 45+ 79 5s
34 rli 81 12
45 32 82 33i

s3 38+ 83 42+
59 30+ 84 37
63 sl+ 8s 19+

10 09+ 69 11
19 07 60 13+
40 46 12006+

2s r0+ 61 3s;
41 26 51 48+
5l 17 47 04

57  33  M42
61 47 43 26+
49 27 115 30

62 20+ r23 47
70 r7 128 18+
3s 53 e 47+

45 23 68 20
s2 46+ 7r 27+
s8 23i 74 N+

s9 45+ 99 W
4e 22+ e7 44+
56 53 96 33

61 51 95 36
36 03 47 53+
47 52+ s6 2s+

64 24+
tr$ 43+
111 5s+
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Tl.rLn 3-Continued.

T 321
u s4r
v 361

62 43 s6 27 36 43+ 67 32+ 47 09 42 12+
44 06+ 62 33 s6 43+ 50 25 55 26+ 51 51
s2 52+ 67 57 36 43+ 38 53 62 29 59 47+

o 311 -70 16], 45 40+ 133 s6+ 76 01+ s5 48 r32 20
r B2r -54 21 49 52 133 56+ 63 32+ 58 46 128 24+
o 351 -29 09 63 ll+ 133 56+ 38 47+ 68 43+ 115 46

Forms 6 p
o 24r -22 45 56 r7+
p 251 -18 33 61 15
s 311 75 32i 54 09

6z pz:B C A
120 06+ 39 54 60 56 108 46
r20 06t 3s +7 65 05+ 106 rr+
s6 43+ 78 49+ 43 s3 38 r7i

80 10 49 57 31 32
70 52+ 51 54 35 11
68 22 64 39+ t4t 52

66 06+ 76 38' r45 45
59 25+ 77 26 r4r 07
53 33+ 78 16 136 39i

W
X
I

47r 78 40 60 22+ 30 07
42r 68 09+ 61 42+ s0 07
4rl -75 37 54 r7+ r43 25+

@
o
A

^ 42r -62 51 56 34 r43 25+ 67 37 66 10 137 57
Y s3r 6s 48+ 66 56+ 2s 22+ 66 02+ 57 2e s4 20+
z 54r 56 45 68 22 25 22+ 59 2r+ 59 35+ 38 59

631 -63 53+ 67 00 r54 42
ur -56 s0+ 68 2s r54 42
651 -50 45+ 69 s3+ r54 42

* Forms also found by Sjdgren.
++ Forms found only by Sjcigren.

Since the crystals are all so minute that the faces are practically in-
visible even under the binoculars, it was not deemed advisable to at-
tempt to figure them, as drawings would only be conventional representa-
tions at best. Crystal eight from Montana with faces of 33 forms is by far
the most complex one seen.

For the reason given in the last paragraph no attempt has been made
here to characterize the individual forms and their relative importance
must be judged solely by frequency of occurrence.

Table 2a contains a summary of the angular measurements obtained
from the eight Montana crystals and Table 26 similar figures for those
from Idaho. The Washington crystals s/ere of far inferior quality and are
not recorded. ff there appears to be a somewhat wide range in the ob-
served angles of individual forms, it must be remembered that all of
these measurements were obtained from crystal facets so minute that
often the signal was but the faintest spot of light. It was impossible to
distinguish the faces on most of the crystals sufficiently clearly to recog-
nize their symmetry relations. OnIy after projection could the orientation
of the crystal be determined, and it was a matter of astonishment to find
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how closely these weak reflections repeated on each new projection the

pattern of the common gnomonic lattice. The Montana crystals gave, on

the whole, the better reflections, but both sets of measurements were

used to calculate elements with the following concordant results:

Boulangerite, Montana aib:c:0.9158:1:0'3456; A:t00"39i'
Boulangerite, Idaho aib:c:0.9252i1:0-3437; A:10O"52'

The first set of elements, based on measurements of 90 faces of 17

forms on 8 crystals, was accepted as best established and was used in the

calculation of an angle table, Table 3.
Reference has been made earlier to the paper in which Sjtigren first de-

scribed crystals of boulangerite. His results have been correlated with

our established position by the following transformation formula and

they show excellent correspondence.

Transformation, Sjdgren to Palache Ml/800/O02

Elements of Sjtigren, calculated to new position; aib;e :0.9315:1:0'3383; F:lOO"27i'

Four of his prisms were found on our crystals. Five others, probably

very weak forms, were not found by us but are included in the angle

table as well as his single terminal form, which becomes the dome { 102 }.
The measurements of Shannon (1921) could not be satisfactorily cor-

related with our position.

X-Rev Cnvsrerr-ocRAPHY

Dr. Hurlbut reports as follows on his study of r-ray photographs made

in 1939 on crystals of boulangerite from Montana. From measurements

of a rotation photograph: door:8'00 A' From Weissenberg zero and sec-

ond-layer photographs i i lon:23.16 A and droo:21.10 A. p:79"19' cal'

culated from *-ray data. Hence , ao:21.47 , bo:23.16, co:8.00'

@0 : 60 : t0 : 0.9166 : 1 : 0.3475 ; ts : l}0"4l' compared with
aib i c : 0.9158i 1 : 0.3456; p : 100"39+'

Space group PZr/a fixed. by the conditions
hkl' all present

0ft0 present only with ft even

200 present only with lz even

&01 present only with /z even

This cell taken with the measured specific gravity, 5'98, gives Me

:14468.

These results agree very closely with the measurements published by

Berry (1940), which were made on boulangerite from Mullan Co',

Idaho, the so-called mullanite for which the crystal measurements are

given above.

JO-t
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CnBurcar, CouposrrroN

Boulangerite from Rocky Gulch, Montana, was analyzed by Gonyer
on a carefully selected sample prepared by Dr. Berman. The density
was determined on the microbalance as 5.98+0.02, the mean of many
measurements by several observers. Gonyer also analyzed the Stevens
Co., Washington, boulangerite and confirmed Shannon,s analysis. This
second analysis is interpreted in the following table prepared by Dr.
Berman.

Tasr,a 4. ANarvsrs ol Bour,eNcrnrrE r.RoM W.qsnrwcron

I
Pb 55.42
sb 25.69
s  18 .89
Fe

Insol.

5 5 . 2 8
25.40
1 8 .  1 9

.39

.62

3
55 .91
25.69
18.40

4
39.03
30.53
83 .03

40
32
88

Total 100.00  99 .88 100.00

1. Pb6Sb4Sr.
2. Boulangerite from Cleveland Mine, Stevens Co., Washington, U.S.N.M. 95414.

Pb and S average of two determinations. F. A. Gonyer, analyst.
3. Column 2 recalculated to 1ffi/6.
4. Atoms per unit cell with Mo:1M68 and d:5.98.
5. 8(Pb5Sb4Slr).

The experience of Mr. Gonyer in making this analysis proved that the
complete separation of lead and antimony was not attained by some well-
tried methods, leading to low results for lead. This observation suggests
that possibly the numerous earlier analyses of boulangerite with low
lead content may have been at fault through this determinative error.
For instance, the so-called plumosite of English writers with a formula
given as PbzSbzSr has physical characteristics differing in no way from
boulangerite
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