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AssrRAcr

Itaunayite, playfairite, sterryite, twinnite, guettardite, and sorbyite are new lead
sulfantimonides from Madoc, Cintario. An addiiional sulfosalt, designated mineral eM,may be identical to coleman's (19b8) minerar e from yellowknifi, N.w.T. The-iew
minerals are associated with boulangerite, jimesonite, antimonian baumhauerite
(sb-:Aq : -1:1), zinckenite, semseyite, g"o".ottitu, robinsonite, and a few other sulfides
and sulfosalts.

IutnooucrroN

In Part | (can. IvI'ineral.9, pt. 1, pp. z-24) the geological occurrence
of the Madoc sulfosalts and the methods used to determine their com-
positions were outlined, and two of the new minerals were described.
Descriptions of the remainder of the new sulfosaltsr and tieir associated
minerals are given in the present article. The concluding paper (part B)
will consist of remarks on the paragenesis, possible mode of origin of the
Madoc minerals, and brief notes on the synthesis of some pb-Sb-As
sulfosalts.

Opti,cal, Properti.es

Data on polarization colours of the new [4adoc sulfosalts are lacking
in the descriptions given below. The correct determination of this
property is discussed by Bowie & Taylor (19b8), but the writer has
unfortunately been unable to duplicate their data on known sulfosalts.
The colours given in Part 1 for madocite and veenite will thus probably
require revision. All the new sulfosalts described below have srrong
anisotropism, but the citing of polarizationdata must be deferred.

Leunavrre

Launayite is named in honour of L. de Launay in recognition of his
contributions in the nineteenth century concerning the origin of mineral
deposits.

lThe names have been approved by the I.M.A. commission on New Minerals and
Mineral Names.
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Crystall,ograPky
Launayite is monoclinic, witJr the'following cell dimensions:

dno : 41.7 A"
d ,orc :  4 .02  X2
door - 31".5
B'r' : 77"55'

The b-dimension has been indicated above as being twice that of the

pseudocell. Diffraction rows equivalent to 2b' are extremely weak and

tarely discernible. For the pseudocell, hkl, ditrraction spots appear only

when the sum of h and k is even. The space group is therefore C2, Cm,

or C2/nn (Nos. 5, 8, or 12 respectively).
X-ray powder data for launayite are given in Table 1. The powder

pattern is similar at first glance to that of cosalite, zPbS.Bi2&, but the

analogous formula 2PbS.SbzSa is not compatible with any of the results

obtained for launayite.
Because of the limited amount of material available and the possible

presence of two perfect cleavages in launayite, the x-ray powder patterns

Tesr-s 1. LeuNevtre: X-uv Powoen Dere (CuKa radiation)'
I"d"""g b.-d." p
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which have been obtained are not of very good quality. The data listed
are therefore a composite of measurements obtained from both bz mm and
114 mm films.

Properties
Launayite has been observed onry in polished sections, where it occurs

sparingly in association with veenite and boulangerite. Launayite dug
out from polished sections tends to be somewhat fibrous, the elongation
being [010]. The fibrous habit results from intersecting perfect {100} and
{001} cleavages. The colour of tre mineral is metalric lead-grey and the
streak black.

In reflected light, launayite is fairly strongly pleochroic from white to
grey. The maximum and minimum reflectivity percentages at tr470, 546,
589, and 650p are, respectivery,46.2-8g.6,48.g-t6.g, 42.2-86.2,40.g-85.b.
The Talmage hardness was estimated to be c; the mean vickers hardness
with a 50 gram load is rzg (Lzr-Lgz). Indentations are square and are
accompanied by star radial and cleavage fractures. KoH gives a light
brown tarnish which is characteristic and seryes to distinguish launayite
from all other Madoc sulfosalts. The remainder of the standard etch
tests are negative except for 1:1 HNoa, which rapidly tarnishes launayite
iridescent, then black.

C h em'i s tr y and. d. en s,ity

_.Microprobe analyses of two grains of raunayite are given in Tabre 2.
The results agree well with gpbs.bsb2sa, but this formula requires
Z :5 f.or D: 5.80. A more satisfactory formula is 22pbS.lBSb2Ss,
which wirh Z : 2 (pseudocell) yierds a talculated density of b.g3 as
compared to tjre determinative curve value of 5.25 f.or this composition.

Taslp 2. LauNe'n:rs: *t"lnryi: 
ftrf::nflJ*oRErrcar 

Courosrrron

Analyses wL /a

Av.
Atomic ratio

(average) Proportions
Ideal
wt.7o

Pb
Sb
As

48.5 48.5 48.5 0.2uI

i?o '?u 'lE gffifi\ozazz
21.5 2t 21.25 0.aszi',

101 .5 100.0 100.75

22
24.7
62.9

47 .W
32.70

20.2L

fr aY'*rliffi iili3ffi B:; iB[*uA.)',os u, o
100.00
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Pr.nvrlrntrB

Playfairite is named in honour of John Playfair (174s-1819), author of

"Illustrations of the Huttonian Theory of the Earth"'

CrystallograPky
Two fragements taken from a polished section yielded the following

c e l l  d i m e n s i o n s :  a : 4 5 . 4 + 0 . 5 4 ,  b : 2 b ' : 8 . 2 9  + 0 ' 0 6 ,  c : 2 7 ' 3 t

0.5, B : 92"30'+ 30'. The only systematic extinction is 0k0 with

h, : 2n, and even this is tentative because only two orders of (0&0) can

be recorded on precession films witJr copper radiation' The space group

of tlre playfairire pseudocell is P2, Pm, or P2/m if k * 2n, and P2r or

P2t/rn if. i : 2n.The indexed r-ray powder pattern is given in Table 3'

Properties
Playfairite has been observed in a number of polished sections, always

in very small amounts. The mineral characteristically occurs at the peri-

Tasr-s 3. Plevrernrta: X-nev PowoBn DAte, 114'6 mm camera, CuKa radiation'
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pheries of otler sulfosalt grains, particularly boulangerite, and commonly
extends into these minerals in the form of irregular microscopic veinlets.

In addition to its occurrence in polished sections, one loose grain of
playfairite was found in tl'e material collected in Lg24. The fragmenr, a
tabular crystal heavily striated parallel to its elongation, proved to be a
multiple which also contained an additional sulfosalt contaminant. The
elongation direction was nevertheless shown by weissenberg photographs
to be along the 8.3 A axis.

Small fragments of playfairite are metallic lead-grey to black in colour
and have a black streak. A perfect {100} cleavage is present. The Talmage
hardness was estimated as 3 + to c - and the measured Vickers hardness
was a 50 gram load is 154 (150-171). In polished sections, playfairite
shows strong reflection pleochroism from white to brownish grey.

Twin lamellae on a very fine scale were observed in several grains. The
maximum and minimum reflectivities obtained at the four standard
wavelengths are 42.3-38.3 (I : 47q, 4A.3-68.4, Bg.2-95.4, BT.T-84.0
(I : 650). Playfairite is negative to standard etch reagents except for
KoH and 1:1 HNo3, both of which rapidly tarnish the minerar iridescent.
The iridescent tarnish obtained with KoH, the characteristic brownish
grey pleochroism, and the frequent occurrence of playfairite at the margins
of otirer Pb-sb sulfosalts were found to be useful features for detecting
the mineral in Madoc specimens.

C k em'i,s tr y and, d, en s'i,ty
Microprobe analyses of three grains of playfairite from different polished

sections are given in Table 4. The Pbs:sbzSa analytical ratio is close to
2:7 and the Sb:As ratio close to 8:1. The pseudocell dimensions yield a
cell volume of 4,004At. For llPbs.6sb2s3,the calculated and predicted
densities are 5.81 and 5.83 respectively, but tJre formula requires Z : g.
A more satisfactory unit cell content of 4 formula weights in the true cell

TAsr-n 4. Plevrelnrrp: MrcnopnosB Axer,vsss aNo Tmonpr:rcAt, corurosrtrox
Analyst: G. R. Lachance

Analyses wt. /6
Atomic Ideal

Average ratios Proportions wt.Vo

49 51
28 28
r 4

20 20

Pb
sb
As
s

53
28
2

1 6 . 5

51 .0
28 .0
2 . 4

18 .8

0.246r
0.2300 \
0.0320 /
0. 586:i

16

L 7 . M

3 8 . 1 1

48. 15
31 .83

20.02

Analyt ical  formula:  I6PbS.9(Sb,As),  *oSo ,o
Idealized formula: I 6PbS.9(Sb,A");S;-- 

-' --

100.0099 .5 103 100.2
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is obtained with the composition 16Pbs.9sbrs3. The calculated and

predicted densities are 5.72 and 5.80 respectively.

Srgnnvtrs

Sterryite is named in honour of T. Sterry Hunt (1826-1892), first

mineralogistwith the Geological Survey of Canada.

CrystallograPhy

Sterryite is orthorhombic, with a:28.4 + 0.5A, b :42'6 + 0'6,

c : 2c' : 8.20 =t 0.05. As is indicated above, the 4 A pseudoperiod present

in the otler Madoc sulfosalts is also present in sterryite. on weissenberg

and precession photographs, all orders of hk\ and hkl, are present. The

following systematic extinctions are present in the pseudocell: hol,

h:2n, and}kt, k:2n.The space group of the pseudocell is therefore

Pbo2 (No. 32) or Pbarn (No.55). Indexed r-ray powdet data are given in

Table 5.

Propert'i,es

Sterryite is rare, but has been found both in polished sections and as

loose fragments. In the sections, sterryite has been observed as needlelike

laths which cut veenite parallel to its direction of polysynthetic twinning,

and as single anhedral grains also associated with veenite. Sterryite has

not been observed in contact with any other minerals. Loose fragments

are plumose and characteristically occur as bundles of fibres. No other

mineral at Madoc has this habit.

The small fragments of sterryite available are black in colour and streak.

X-ray examination of plumose material shows t}rat c is the direction of

elongation, and at least one perfect cleavage is parallel to it. The Talmage

hardness is B. In polished section sterryite is white, witJr strong reflection

pleochroism from white to grey. Very fine lamellar twinning was observed

in one grain. The maximum and minimum reflectivity percentages

obtained from two grains are similar to tlose of other Madoc sulfosalts;

at tl-re four standard wavelengths the values are 40.4-37.6 (I : 470),

38.7-36.0, 37.7-35.L,36'3-33'9 0 : 650)' Sterryite does not react with

standard etch reagents up to, and including, 1:1HNOg. The lack of re-

action with nitric acid is suspect because the test could not be made

without interference from the associated violently reactive carbonate

matrix.

Chernistry

Microprobe analyses of sterryite from two polished sections are given in

Table 6. The summation of the analyses is low in both cases, tfre results
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Tesls 5. s:rBnnvrr:B: x-nav pomsR DAre, cuKa radiation, 114.6 mm camera.

Indexed with a : 29.4, b : 42,6, c, : 4.10 A
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from plumose loose fragments mounted in polished sections being both
low and erratic because of physical destruction by the electron beam.
However, optical spectrographic anaryses of sterryiie gave no indications
that any additional major or minor elements are present in the mineral.

In the microprobe determinations, antimony, arsenic, and sulfur
generally gave consistent results whereas lead values were somewhat
erratic. The uncorrected analytical values (Table 6) give a formula close
to 7PbS.4(Sb,As)zSg. With Sb:As : t2:5 and, Z: 6, the formula
gives a calculated density of b.85 as compared to the predicted value of
approximately 5,67. The agreement is not unreasonable in view of the
extensive sb-As solid solution present; less satisfactory is the requirement
of six formula weights in the cell. The writer thus piefers to tentatively
assign to sterryite the formula l2pbs.b(Sb,Ar)rS, which with Z:4
(pseudocell) yields a calculated density of 5.g1 as compared to the pre-
dicted value of about 6.00.
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TAsr-s 6. Srrnnvrrp: Mtcnopnogr Ar'rer'vsss
Analyst: G. R. Lachance

Analyses Atomic ratios Proportions

Pb
Ag
Cu
sb
As
s

Pb
sb
As
S

M.5%
< 0 . 5

tr
2l

o . o
2 r . 5

92.5
47%
23
6

20.5

96 .5

0.2148

0.1725
0.0734
0.6705

0.2268
0. 1889
0.0801
0.6393

I

3:3fi1)"*u
3 .1215

I

3.S38)'.rao
2.8188

Formula from average of above: TPbS'4(Sb,As)r.oaSa.ao

94.50

Analytical and tentative idealized composition of sterryite:
Average l2PbS'5(Sb'As)z5o
Analviis with Sb:As : L2"5

Pb 45.7470 ,9.\9%
sb 22 19.39
A. 5.75 4'97
s- 21 le.i l

100.00

TwrNr.lnB

Twinnite is named in honour of the late R. M. Thompson' professor of

mineralogy in the university of British columbia. The appellation

Thompso"n is ,,son of Thomas", the latter being Aramaic, "a twin". The

name t\i/innite is not inappropriate in that it also alludes to tJre poly-

synthetic twinning present in both the Madoc mineral and sartorite, its

.r""rri" analogue. Aithough of simple composition, sartorite (PbAs$) is

a crystallographically complex mineral that has been plagued with

nomenclature problems. Both these aspects have been reviewed in detail

by Nowacki et al,. (1961) and need not be repeated here'

Crystal,lograPhY
Single crystal studies of natural sartorite from Binnental, Switzerland,

have been carried out by Bannister et al'. (1939), Berry (1940)' Nowacki

et al. (1961,1964), and Iitaka & Nowacki (1961). Synthetic material has

been examined by Rdsch & Hellner (1959). Comparison of the results

obtained by the various authors (Table 7) shows that, while there is

general agreement regarding the pseudocell dimensions, the true cell is
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Tesls 7. Senronrm: UNrr Cnr,r_ es Rrponrpo sv Venrous Aursons

n'"ffi;r'r' 
A;rTt *iruhir'"' noscfiff$errner Tffi:''
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b ,
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4 . L 7
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4 . L 6
J  . 6 6
4a'

20b,
C,

P21212r

19 .62  A
7.89
4 . L 9
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LIc'
Pbmm

l e .46  A  l e .4  A
4 . L 7  4 . L 5
7 .79 7.82

a a
b' 2b,
c' c'

P22r2t P2t2t2r

considerably more complex and probably varies from specimen to speci-
men. This is also borne out in the statement by Nowacki et at. (1964)
that the "normal 3 X 11 superstructure" is not always present.

For twinnite from Madoc, Weissenberg and precession photographs
about the three axes of several fragments yielded a : Lg.6 +.0.2,
b  : 7 . 9 9  +  0 . 0 5 ,  c : 2 d  : 8 . 6 0  +  0 . 0 b A ,  o  :  F :  t :  g 0 o .  I n d e x e d
r-ray powder data are given in Table 8.

unlike most of the Madoc sulfosalts, tJre supercell diffraction rows in
twinnite are of moderate rather than weak intensity on rotation photo-
graphs, and hence the diffraction aspects of the true cell were examined.
Twinnite proved to be no less complex t]ran sartorite; the symmetry of
the true cell appears to be triclinic, but there are strong systematic
pseudo-extinctions of. h00, Ok}, OOtr, and 0k1,, where h, k and I, * 2n and
h * I + 2n. The pseudo-space group is thus pnrnn, The last three
extinction conditions are destroyed by the appearance of only a few,
extremely weak, and easily overlooked difiraction spots; the condition
hOO : 2a is found to hold for all of the films available.

Properties

Twinnite is rare at Madoc, only two megascopic grains, the larger about
1.5 mm in diameter, and four microscopic grains having been found.
Fragments appear metallic black and have a brack streak with a slight
brownish tint observable on powder smeared on a white background. The
mineral grains observed are polysynthetically twinned, the trace of the
composition plane being parallel to {100} as in sartorite. A perfect {100}
cleavage is also present. Twinnite is brittle, less so tjran sartorite, but
much more so than most otler lead sulfantimonides. In polished section,
twinnite is white. The reflection pleochroism is strong and twin lamellae
are readily seen upon rotation of the microscope stage. The maximum
and minimum reflectivity percentages obtained at the four standard

1 9 . 6 A
7 .99
4 .30

a'
bl

2c'
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Tasln 8. Twrnlrtn: X-nev Powore Dere, 114'6 mm camera' CuKa radiation'
I"a;;i"* U"""d-o" iru" c"ll, o : 19'56, b :7'98' c : 8'57 A
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2.2M
2.225
2. 189
2. t54
2.127

2.087
2.037
2.OL4
1.987
t .975
1.956
1.949
1 .931
1 .910
1.886
1.873

1 .851
1,.828
L.794
r.  /5 . )
1.738
t .707
1 .681
1 .65r

I  1.633
\  1.622

1 .599

l  - D a o
1 .551
1 .501
r .475
T.M8
L.427
L.402
1 .370
t .354
1.330

wave leng thsa re45 .6 -38 .7 ( \ : 470 ) ,43 '0 -36 '9 ,41 '6 -35 '9 ' 39 '6 -34 '6
(}, : 650). The Talmage hardness was estimated as B, and tfle mean

vi.k"r, hardness with a 50 gram load is 147 (131-152). Indentations are

straight or concave. Cleavage dislocation planes are commonly present

and are occasionally accompanied by cleavage fractures'

KOH rapidly tarnishes twinnite iridescent and leaves a characteristic

flat brownish grey colour when the reagent is rubbed off. other standard
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etch tests are negative except for 1:1HNoa, which rapidly tarnishes the
mineral black.

Chemis tr y and, dens'ity
A microprobe analysis of twinnite is given in Table g. The resurts are

in fair agreement witrr tJre idealized formula, pbs.(sb,As)zSa. Taking

Tasln g. TwrNnrrp: Mrcnopnogn Axelysrs
Analyst: G. R. Lachance

Analysis Atomic ratios Proportions

Pb 4IE"
s b  2 8 ' "
As 11
s 2 3

103

0.1979
0.2300
0. 1468
o.7173

1

#ll'rco
3.625

Analytic.al f ormula : pbS . (Sb,As) 1. eS2. 62 vpith Sb : As : B : 2
Idealized formula: pbS. (Sb,As)zSr 

-'

Sb:Asas3:2,  Mis54I .S,  Z is  1,851A4,  and thusD/Z is0.6654.  WithZ:g
the calculated density is 5.823, in good agreement with the predicted
value of about 5.26.

GuertAnnrrri

Guettardite is named in honour of Jean Etienne Guettard (171b-12g6),
French geologist. An approximate English pronunciation of the name is
gay-taar-ite.

Crystallography

Guettardite typically occurs as isolated anhedral grains; no euhedral or
subhedral crystals have been found. The followingcell dimensions were
obtained from Weissenberg and precession photographs:

droo :  19 .74
don : 7.94
door : 8.54
P *  : 7 8 o 2 5 ' * 3 A '

- 20.0 + 0.44
: 7.94 * 0.03
: 8.72 :t 0.06
:  101'35 '*  30 '

b
c

Diffraction spots appear f.or ho\ and h}tonly when z is even, and for 0&0
only when & is even. The space group of guettardite is thus p2/ a (No. 14).
Measurements obtained from the r-ray powder pattern of guettardite
are given in Table 10. The patterns superficially resemble that of twinnite
and sartorite, particularly in the stronger lines at low diffraction angles.
This similarity also extends to the single crystal photographs, the dimen-
sions of the a*b* nets of twinnite and guettardite teing viriually identical.
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Tesrr 10. Gunrrenor.rn: X-nav PowlBn DeT e, 114.6 mm camera' CuKa radiation'-i;a";d 
*ith'i : zo1z, b : 7.s4, i : 8'72A, p : 101'35'

1(est) d(meas) d(calc) hkt

3
<+

1
1
1
1
2
t

I
5
3
2

10
I
I
2
3
I
a
I
o

1
9
5
5

e.89  A
7 .41
6 .20
5.82
5 .33
4 .93
4 .68
4 .  19
3 .97
3 .90
3 .69
3 .60
3 .52
3 .40

I  3 .27
\  3 .25

3 . 1 0
3 .04
3 .00
2 .97
2.9r2
2.795

I  2 .670
\  2.653

e.s8 A
7 .37
6 .  19
5.80
5 .34
4 .94
4.68
4 . t 9
3 .97,3 . 95
3.89
3 .68
3 .61,3 . 60
3 .9 ,3 .53
3 .40
3.29,3.29,3.29
3 .28
3 .09,3 . 08
several possibilities
3 .00
2 .95
2.908,2.905
2 .806,2.801,2 .799
2.67L
2. 660

200
110
2LO
T1r
zLt
400
3rr
410
020,401
L20
220
4o2JzL
510,411
320
22t,600dr2
321
420,Brt

6L2
402
022,602
522,520,42L
422
710

.I(est) d(meas) 1(est) d(meas) .I(est) d(meas) .I(est) d(meas)

I
5
4
2

<t
!

I
t
I
2
I

!.
2
I
I
t

<,
^
1
2

2.56r
2.531
2 .475
2.456
2.405
2.357
2.334
2 .318
2.238

2.r95
2.136
2 .063
2.050
2.013
1.979
1 .961
1 .950
1.928

1  . 9 1 1
1 .866
1 .871
1 . 8 4
1.832
1 .816
1 . 7 9 8
1 . 7 7 6
L . 7 6 r

1 .751
r . t o a

1.688
1 .669
r .654
1.637
1.603
t .57L
t .b44

<+
2
1

The close relationship of the two minerals is also evident on the a*cx

plane. In twinnite, a rectangular lattice array 19 
. X 8 S 

,A-isrform.ed 
where-

as in guettardite the 
"urn" 

ui.uy requires a (2 X 19) X 8'5 A period'

Properties

In its appearance and properties guettardite is very similar to twinnite'

Guettardite is very brittie and tends to spray fragments when-scratched

with a needle under the microscope' The megascopic colour is metallic

greyish black; under the binocular microscope, small fragments are black'

The streak is also black, with a brown tint appearing on material smeared

onawhitebackground.Forpracticalpurposesguettarditeisopaque,but
a slight reddish internal reflection is observable in minute fragments under

a ve"ry strong light. Nearly all guettardite observed is polysynthetically
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twinned, the twin units having sharply-defined contacts as in veenite,
twinnite, and baumhauerite. The composition plane is parallel to {r00}.
The mineral has perfect cleavage and a conchoidal fracture.

In polished section, guettardite is white. The reflection pleochroism in
air is relatively strong so that adjacent twin units are readily seen upon
rotation of the microscope stage. The maximum and minimum reflectivity
percentages obtained at the four standard wavelengths are as follows:
44.2-36.3 (I : 470), 42.0-34.8, 40.8-34.0, Bg.O-82.2 (I : 650). The
Talmage hardness was estimated as B whereas the mean vickers hardness
with a 50 gram load is 1s7 (180-197). Indentations are square and are
accompanied by star radial and side radial fractures.

HNos tarnishes guettardite black. KoH tarnishes it iridescent, leaving
the flat brownish grey colour as was also mentioned for twinnite. Reactions
rvith other standard reagents are negative.

Chem,istry and, d,ens,ity

Microprobe analyses of two grains of guettardite are given in Table 11.
The analyses correspond to 6pbs.5(Sb,As)rSr, with Sb:As-10:g.
Antimonian baumhauerite, which is discussed in a later section, gave

Tasln 11. Gunman-orrn: *riX.rllli"ritiffffi#o TssoRErrcAL Couposrrron

Analysis Atomic ratios Proportions

1. Pb
Sb
As
s

2. Pb
sb
As
s

Pb
Sb
As
S

M.5%
22
L2
2 I  . 5

100.5
43.57o
22
T2
20.5

98

0.2148
0. 1807 \
0. 1669 /
0.6705

0.2099
0. 1807 \
0.1602 I
0.6393

o

14.56

28.  10

Sb:As : 100:92

I

L4.62

27.4L

Sb:As : 100:89
Formula f rom 1 :  9PbS.8(Sb,As)r .azSz.gs
Formula f rom 2:  9PbS. 8(SU,Ar l , . r rSr. r ,

Analytical and idealized composition of guettardite:
Average
Analysis

M.o7o
, 2 n
L2.25
2 L . 0

99 .25

9PbS.8(Sb,As)gSs
withSb:As : 10:9

4L.30Vo
: 2 2 . 7 0

12.57
23.43

100. 00
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Sb:As- 1:1 and hence was not named. In guettardite, however, addi-

tional partial analyses consistently indicate that Sb ) As, and hence

the name is proposed for the antimony-rich rather than the arsenic

members of a presumed solid solution series. Although guettardite is

similar to some of the Pb-As sulfosalts from Binnental, its arsenic analogue

has apparently not been found among the Swiss minerals'

As indicated above, the analytical formula gives a ratio of

PbS/(Sb,As)Fa of about 1.2. The proportion of antimony and arsenic

relative to lead is thus very high, and small Sb:As variations will therefore

have a large effect on the density. From the sulfantimonide and sulf-

arsenide determinative curyes, however, the lead content of guettardite

indicates that its density should be in the neighbourhood of 5.3 to 5.4.

The cell volume of gu"tt"rdite is 1364A3, and for 6Pbs'5(Sb,As)zSr

reasonable densities are not obtained. However, for gPbS'8(sb,As)zSs

with Z: 1 and Sb:As : 10:9, the calculated density is 5.49. The pre-

dicted value for the pure antimony end-member is 5'44, but the presence

of substantial arsenic in the natural mineral lovrers the predicted value

to 5.31. While not altogether satisfactory, the agreement is considered to

be acceptable. The deviationmay refl ectadeparture from the stoichiometry

of the proposed ideal formula.

Sonsvrrr

sorbyite is named in honour of Henry clifton sorby (1826-1908)' the

founder of metallograPhY.

Crystal,l,ograPhY

Several fragments have been examined by Weissenberg and precession

methods. The following unit cell parameters were obtained:

a : 4 4 . 9  +  0 . 5 4
b : 2 b ' : 8 . 2 8 + 0 . 1 A
c : 2 6 . 4  +  0 . 5 4
I :113"25' +30'

dno : 41,2 A
d o n : 8 . 2 8
doot : 24.2
0& : 66'35'

In the pseudocell, hkl' reflections are present only when the sum of E

and is even. The space group is therefore C2, Cm, or C2/m (Nos' 5' 8'

or 12 respectively).

Propert'i'es

Several loose crystal fragments of sorbyite were found among the

material collected in 1924. T1e crystals are equant to thin tabular {100},

always elongate [010], and commonly heavily striated [010]' A perfect

{001i cleavage is present. \'{easurable terminal faces are not present'

but one crystal has a pyramidal face (,4) which intersects a smaller
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pyramidal or domatic face (B). Measured on {100}, the interior angles of
intersection are A A B : - ll7o, A n (001) - - l2|o, B n (001) :
- 115o. only crude goniometric data could be obtained from the best
formed of the crystals. The measurements obtained from an elongate
prism are given in Table 12. All signals were blurred and mosr were
multiple. The crystal consisted of three principal segments and reflected
light as though it were curved. In cases wheie no signal was obtained,
ordinary reflection was used to bring the face into apfroximate position.
The angular values in Table 12 are trrus very crude, but they serye to
shorv the magnitude of form development in sorbyite

* to*rtttu

Face Description
Possible

aD Miller Index

I
2
3
4

o
6
7
8
I

10
I1

broad, flat
broad, flat
very narrow
moderate size
narrow
broad, flat
moderate size
broad, flat
very narrow
moderate size
very narroqr

00'00,
66"49',
86030'-ggo*
117"18'
Ll14035'
L8l'33',
2r7"*
247"35'
272"*
297"43'
327"*

100
001
10e(?)
101
701(?)
100
TOT
007
Io9=(?)
101
701(?)

{No signal.

The available small fragments of sorbyite are metallic black under the
biaocular microscope, but massive material is undoubtedly lead-grey.
The streak is black.

In polished section, sorbyite is white, with irregular twin lamellae
which differ markedly from the sharp, paraller units present in veenite,
twinnite, and guettardite. The reflection pleochroism of sorbyite is
relatively strong; twin units can be seen only with difficulty, but grain
boundaries are readily apparent. Reflectivity percentages decrease from
tr 470 to tr 650 mm as follows: 4b-3g,4g-AT,41-36, 40-84. The mean
vickers hardness with a 50 gram load is rzb (Lz2-lg6). The predomin-
antly square indentations are accompanied by star, side radial, and
cleavage fractures, with the first type the most common. KoH tarnishes
sorbyite brown to iridescent; l:Z HNOa tarnishes it brown: and 1:1
HNO3 tarnishes it iridescent to black.

C hem'i s tr y and. d en s,ity

_-Microprobe analyses of two grains of sorbyite are given in Table 13.
The analytical values are close to 12 pbS.Z(Sb,As)zSs, and Sb:As is
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about 3:1. The cell dimensions used to index the r'ray powder pattern

(Table 14) yield a pseudocell volume of 4540A', and for the above

arratyti.at v alues, D /2 : 1.859. With Z : 3, the calculated and predicted

densities are 5.58 and' 5.67 respectively' A more plausible formula is

17pbs.ll(Sb,As)zsa; with Z :2 the calculated density is 5.52 and the

t^-" tt. t"-"trg' tt.lffiH

Atomic";;ti"; 
Proportions 17PbS'11(Sb'As)gSaAnalyses (wt. 7o)

I
Pb 46
sb 25
A s o
s 2 1

2 Average
47 46.5
25.5 25.25

b  o . o
2t .5 2r .25

(Average)
0.22+4
0.2074 \
0.0734 |
0.6627

(Average)
T7

21.27
50.20

(Sb:As : 3:1)
Pb 46.68va
sb 26.62
As 5.46
s 2L.2t

98 99 .0 98.50 100.00

TesLS 14, SonsyrTB: X-RAY PoWDEn DAIA, 114.6 mnlcamera, C-uKcu radiation

I"d;;;d;th ;: A;.i,u':i.li, ' :26'5 A, P : rr3"25'

/(est) d(meas) d'(cald hkl'

2
<t

I
I
1
a
t<+

<g
<+
<+

6
4

<+
2
3
I

10
I

1 1 . 1  4
10 .3
9 . 3
7.43
6.78
6 .10
5 .52
5.  19
4 . &
4.29
4 .13
4.02
3 .82
3 .72
3 . @
3.52
3.44
3 .38

rL.27 A
1"0. 33,L0 . 12
I  .01
7 .46
6.74
6 . 0 7
5 . 5 2
b . L l , D . r t
4 . 4
4 .31
4 .12
4 . M
3.83
3.7?
3.65,3.62
3 .51
3.45,3.42
3 . 39,3 .38

401
400402
2W
6or
6oa
004
8or
602,800
603
t06
110
1 1 1
1 0 . 0 . 1
803
912513
314
Br4Jrz
7ro,5l2

.I(est) d(meas) 1(est) d(meas) .I(est) d(meas) f(est) d(meas)

I
<+

I
4
6
3
I
3
2
1
3

3 .25
3 .19
3 .12
3.04
2 .96
2.882
2.820
2.777
2.732
2.696
2.658

2.627
2.579
2.545
2.420
2.382
2.349
2.301
2.258
2.L92
2.L73
2.T57

2.099
2.02L
1.993
1.967
1.937
1.920
1.894
1.882
1.846
1 .811

t .775
t .753
1 .718
L.692
t .675
L .615
1.589
l . o o o
t .527

4
t
2
I

t
I
1
t
1
6

<s
1z
1
Iu

<*,
3
1
3

<+
1

D

I
2
1

<+
2
2
I
e
I
I
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predicted value about 5.s9. The analytical values correspond to
17PbS. I 1 (Sb,As) 1.e3S3.s2.

Mrxoner, QM
The r-ray powder pattern of this mineral was first obtained by the

writer in 1961 from a microscopic veinlet which cut jamesonite in the
Madoc suite. No more of tire mineral was found until 1g66, when a
new polished section was made of robinsonite from the Red Bird Mercury
mine, Pershing County, Nevada, the specimen of type material having
been kindly loaned to the writer by L. G. Berry. In the iobinsonite section,
mineral QM is present as a single grain less than half a millimeter in
diameter which is intergrown with robinsonite and indistinguishable
from it under the microscope. The r-ray powder pattern of a portion
of the grain is identical to the pattern obtained from tlle Madoc mineral,
(Table 15) and in addition, there is marked similarity to the data given
in Berry & Thompson (1962) for the sulfosalt from yellowknife which was

Tesr,s 15. X-ney Porroon Date non Mrxnnels e arrn eM;
57 mm camera, CuKc radiation

Mineral O
(BS|rr,.& Thompion, 1962)

I (est) d(meas)

Mineral QM
Madoc, Ontario

.I(est) d(meas)

4 . 1 1 4
3.94
3 .77
3 . M
3 .38
3 .25
3  .13
3.  00
2.88
2 . U
2.80
2.727
2.M7
2.5t0
2.457
2.375
2.258
2.223
2 .L7
2 .L3
2.063
1 .99
1 .93
1.888

t .726
1.695

8
l0

3
1
I

6

*

s .65  A
3 .35

3 .L2
3 .00
2.89

2.79

2.62

5
2
3
l)

10
5
2
,
1
5
4
o
4
2
I
5

v
2
I.).
+
*
3
I
2
1
t
3
,
t

+ 2.36

L 2.23

3  2 .05

2 1.881
* t.zsz
t  L .7L9
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designated only as mineral "Q" because of its incompletely known chem-

istry. The r-ray powder patterns of mineral Q are of poor quality and

until its identity with the Madoc mineral can be proved, the latter

has been temporarily named Mineral QM.
Microprobl analysis of mineral QM in the robinsonite specimen is

given in Table 16. Because of the erroneous values which were obtained

Irom the associated robinsonite, the reliability of the microprobe analysis

for mineral QM is questionable. However, the density determinative

curve could have been used had single crystal data been obtainable. In

this connection, Coleman's (1953) cell dimensions for mineral Q yield a

volume of L,B4b A3, and the Pb:Sb ratio from the microprobe analysis

(Table 16) is about ll:L2.wi$ z: 1, tjre formula 1lPbS.6SbrS3 gives

a calculated density of 5.76 as compared to the predicted value of 5.82

for this composition.

TesI-B 16. Mtcnornosn Awer-vsps or Mrrenlr' ,QM +ID Assocle::Bo
RosrNsoNr:rp rnou R.eo Brno MencunY MrNE' NEvADA

A*@

Mineral QM Atomic ratios Proportions

Pb
Sb
s

49.eTo
3L.7
20.7

101 .3

0.2375
0.2603
0.6455

11
12.03
2S .U

Robinsoniteby
microbrobe

Theoretical robinsonite
TPbS'6SbuSg

Pb
sb
S

45.5%
35.4
20.5

3S.O67a
39.35
2 r .59

1 0 1 . 4 100.00

PnsvrouslY Knowx Sur-r'oser-:rs

Boulangerite

Boulangerite lrom Madoc is unusual in that in most cases tjre mineral

is arsenian. As a result of the arsenic content, the lattice dimensions are

sufficiently decreased that the effect is easily recognized on 57 mm films

by direct comparison with normal boulangerites. In this connection, the

diffraction line given by Berry & Thompson (1962) at d(Cu) : 24'5"'

intensity 8, is particularly use{ul as a reference line'

X-rai po'.i", diffraction examination of several boulangerites from

various localities showed that there are very slight varitions in cell

dimensions from specimen to specimen. The variations also appear among
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ten synthetic boulangerites selected because of the good quality of their
r-ray patterns. The cell size of the syntJretic samples could not be corre-
lated with the duration of tlie runs, or crystallization in the presence of
water or arsenic. In tJre case of the Madoc boulangerites the correlation
of cell size and arsenic content has been proved by microprobe analyses
of four of the samples. using long counting times in order io obtain more
precise results, it was found that the two samples with normal cell dimen-
sions contained zero per cent arsenic, whereas the remaining two samples
with slightly smaller cell dimensions each contain two per cent arsenic.

A nt im on ian b awmh aw er.ite
Baumhauerite is an extremely rare mineral at Madoc, only a few

microscopic grains having been found. x-ray powder patterns of tjre
mineral are very similar to tJrose of baumhauerite from Binnental, but
in detail there are several differences as well as the Madoc patterns being
contracted in the low 20 region.

_.Microprobe analyses of Madoc baumhauerite are given in Table 12.
The Sb:As ratio of one analysis is essentiaily 1:1, and probably correctly

Tesls 17. Mrcnopnons ANar,vs's o. A*rrlroNren BeulrReuBnrrE FR.M
Maooc

wt.7o Atomic ratios Proportions

I

lg\ffilr asa
2.8945

1

$ fffi!$) r soz
2.8568

100. 00

Formula from first analysis: BpbS.2(As,Sb)z.oeSr.re with As:Sb : 100:gBFormula from second arialysis: epUS'.2(As,S6)r.iosr-r, *iil a*Sb : ibb:99.98

reflects the tenor of antimony in the mineral. However, the average
antimony content of the microprobe analyses is less t]ran that required
for a sb:As ratio of 1:1, and as there are no variations in the cell dimen-
sions indicated in the r-ray powder patterns, a new name for this mineral
is not necessary.

X-ray powder data for the Madoc variety of baumhauerite are given in
Table 18. Single crystal examination of one fragment of the antimonian

Pb
sb
As

Pb
Sb
As
S

48
1 0

72.5
2 L . 5

101 .00
. * t  . i t

1 9 . 5
12
2L

0.23L7
0. 1560
0. 1669
0.6705

0.2292
0.16015
0. 16019
0.6549
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THE CANADIAN MINERALOGIST

d,(calc)

Tasln 18. ANTTMoNTAN BeuMueuenrrE FRoM Meooc: X-uv Poworn Dlra-'^-b-UGit*a 
*ith filtered copper radiation' camera llagret-er 1]1.0^:.n*'

Indexing based on a:23.2, b :8'33' c :  E'02 A' p :  v/-du'
-

hkl.

1
1
1
E
1

I
<+
<$

1
1

<a
2
4
o
I
5
2
4
2
7
o
F7

10
4
z+

8
2
I
2
4
o
4

7 . 7 5 4
n . r 1

6.87
6. r7
5  . 6 /
5 .63
5.46
5 .  19
4 .59
4.4L
4 .20
4 .  10
3 .94
3 .87
3.69

/  3 .61
\  3 .57

3 .41
3.40

J 3 . 2 9
\  3 .25

3 . 1 8
3.09
3 .03
2 .96
2.92
2 .87
2 .82
2 .76
2 .73

7 . 8 3 A
7 .23

6 . 1 7
5 .91
5 .63
5.46
5 . 1 9
4 .59
4.4r ,4.39
4.22
4 .  10
3.92,3.92
3.88
3 .69,3 .68
3 .61,3 .61,3 .61
3 .59,3.58
3.43,3.41
3 .40
3.28,3.28
3 .25
3 .19 ,3 .18
3 .08,3 .08
3 . 05,3 .02
2.97,2.96,2.96
2 .90
2.88,2.87
2.83,2.82,2.82,2.82
2.78,2.76
2.74,2.74,2 .73

110
101

20L
3or
310
111
301
500
911,401
501
L20
Zo2,22o
4tt _
02L,r2l
202Jtz,12L
0r2.22t
511,312
32r
601,700
321
AzL,7oL
402,520
7fi,4t
7tt'Ezt,60z
70L
022.800
902,t22,80L,620
612,130
62L,7LL,222

/(est) d(meas) 1(est) d(meas) .I(est) d(meas) -I(est) d(meas)

< *
<+

t<+
2
1
5
I
.L
2

2.67
2 .66
2.625
2 ,578
2.524
2.466
2.371
2.332

2.257
2.269

J2 .226
\2 .2 r4

2 .L77
2 .090
2.062
2.01,5

2.009
1 .968
L.937
1.920
r .872

I 1 .839
\ 1 .830

1 .810

I
<t

3
r2
n

3B
1

I
1

5B

I
8
2

3B {i \ , ,e
.  (  L .740r  1 r .zzo
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material dug out from polished section gave d1y;s : 23'L + 0'2 A,

don : 8.28 + O.2, d,oot: 7.88 + 0.1. The above cell dimensions are

very close to tjrose given in Berry & Thompson (1962) for baumhauerite:

a:22.74,  & :  8 .33,  c :7.894,  p :  97o25' .  The B-angle of  ant imonian

baumhauerite is uncertain because of complications arising from poly-

syntlretic twinning. The twinning is parallel to {100} as in normal

baumhauerite, and by analogy to baumhauerite the perfect cleavage

present is also { 100}.
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Under a strong light, small fragments of the Madoc mineral show a
deep red internal reflection which is a manifestation of the high arsenic
content present. Likewise, the streak is brownish black rather than black.

Etching the mineral with HNoa gives a black tarnish, but at 1:1
concentrations the reaction is sometimes slow in starting. The only other
standard etch reagent tJrat gives a reaction is KoH. with it, an iridescent
tarnish is produced and a smooth pale pink surface remains when the
reagent is washed off. This colour is characteristic and has been found to
be a most useful criterion for identifying antimonian baumhauerite in
polished sections.

Rob,insonite

Robinsonite was previously known only from the type locarity, the
Red Bird Mercury mine, Pershing county, Nevada. A smalr microscopic
grain a fraction of a millimeter in diameter associated with jamesonite at
Madoc constitutes the second occurrence of robinsonite. Microprobe
analysis of this grain gave results differing from the theoretical lead and
antimony contents required for the formula zpbs.6sb2ss which was
derived by Berry et al,. (1g52) for robinsonite. A polished section of robin-
sonite type material kindly loaned to the writer by Berry was also analyzed
by the microprobe technique. The results (Table lb) differ considerably
from the theoretical requirements for zpbs.6sb2sa, but are almost
exactly equivalent to 3PbS.2sb2S3. Using t]'e ceil dimensions given by
Berry et al,. (1952), the unit cell volume is 1,141Ar, and with this value
no formula which approximates the analytical results and gives a reason-
able density could be found. In order to eliminate a possible source of
error in the microprobe determinations, some of Berry's material was
mounted in the polished section containing the mineral standards. The
probe results were consistently reproducible and gave t]le aforementioned
high lead and low antimony results. The reason for trris is not known.

Jarnesonite, semsey,ite, and, geocr onite

Jamesonite is one of the most abundant of the Madoc sulfosalts, being
particularly common as disseminated grains in marble surrounding tre
main pit. None of the properties of the Madoc jamesonite is unusual except
that tl'e mineral is slightly cuprian. Microprobe analyses have shown
that the normal tenor of iron is present, and about 0.1 per cent of the
element has been replaced by copper. Arsenic has not been detected in
any of the Madoc jamesonites examined by microprobe, and this is in
agreement with the fact that the mineral appears to have normal unit
cell dimensions.
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semseyite was not present in tjre original (1924) Madoc material,

but has iroved to be rather common in fresh exposures in the enlarged pit.

The mineral generally occurs in very coarse-grained calcite and imparts to

it a characteristic dark grey colour.

Geocronite has also been found only in recently collected specimens.

X-ray powder patterns of the mineral are not quite identical to natural

jordrnite or synthetic geocronite; in Part L, therefore, the identification

ias considered to be tentative. However, an incomplete single crystal

r-ray study of twinned material indicates that the identification is

probably correct.

Z'inchenite

Zinckenite is rare at Madoc, only a few microscopic grains having been

observed in polished sections. Although zinckenite has long been known to

be amenable to arsenic uptake, r-ray powder patterns of the N{adoc

material indicate that it contains little or no arsenic'

Sup er gen e al,ter ation Pr od,u ct s

Supergene minerals are not particularly prominent at.Madoc' Most

of the alteration consists of brownish limonitic residues alter sphalerite,

with lesser amounts of yellow Pb-Sb oxides on the sulfantimonides'

Goethite, bindheimite, and traces of anglesite have been identified, but

the yellow ochers have not been studied in detail. Green crusts on

limonite and weathered marble specimens are predominantly malachite

and zincian malachite, wit]r some aurichalcite and rare brochantite and

linarite.

Concl,us'i,ons

At least nine new lead sulfantimonide minerals occur at Madoc, this

number being greater than the sum of all previously known species in

the system. It is felt, however, that the present study has by no means

exhausted the mineralogical work and additional new minerals will

undoubtedly be found.
The Madoc deposit is unique not only because of the great variety

of sulfosalts present, but also because the minerals provide excellent

examples of extensive AsSb solid solution among lead sulfarsenides and

sulfantimonides.
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