BOULANGERITE, BISMUTOPLAGIONITE, NAUMANNITE
AND A SILVER-BEARING VARIETY OF JAMESONITE.

By EarL V. Smaxxon,
Aseistant Curator, Department of Geology, United Stales National Museum,

NOTES ON THE COMPOSITION AND OCCURRENCE OF BOULANGERITE

INTRODUCTION.

The mineral boulangerite, a lead sulphantimonite, has long had
assigned to it the formula 3PbS.Sb,S,. This is one of the simplest
and most probable of the lead sulphantimonites and compounds
showing the same ratio of base to acid are among the most numerous,
abundant, and widespread in occurrence of the large class of sulpho-
salt minerals.

In 1875 Rammelsberg?® collected the then available analyses of
boulangerite and, in a discussion of the composition of the mineral,
showed that the analyses differed somewhat from each other, some
approximating the formula 3PbS.Sb,S,, others yielding ratios closer
to 5PbS.25b,S,, and still others approaching the composition ex-
pressed by the formula 10PbS.3Sb,S,. Quite erroneously he states
that the majority of the analyses given agree most nearly with the
formula 3PbS.Sb,S,.

In 1899 Sjogren * found a mineral at Sala, Sweden, in well-devel-
oped crystals similar in form to diaphorite, which he referred to
boulangerite. Upon analysis these crystals were found to have the
composition expressed by the formula 5PbS.2Sb,S,. He further
showed that many of the earlier analyses of boulangerite agreed most
nearly with this formula.

In 1917 the present writer analyzed specimens of a steel-gray
fibrous sulphantimonite from Superior, Montana, and Mullan, Idaho,
both of which gave the formula 5PbS.2Sb,S,. In rather inexcusable
oversight of Sj6gren’s work, especially since it had been made read-

' Rammelsberg, C. F., Handbuch der Mineralchemie, p. 80, 1875,
! Bjogren, H. 8., Geol. Foreningens Forhandlingar, vol. 19, p. 153, 1807,
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ily available by Hintze,* this compound was deseribed as a dlstﬁ
species and given the name mullanite? Some imperfeet orystals
gave angles which seemed unlike those of diaphorite, but they were
too poor in quality to serve alone as a basis for considering the
material distinct from that of Sjégren. Since mullanite evidently had
no reasonable claim to distinetion and should be' eliminated from
the literature, it was planned to immediately publish' & retraction.
Before doing so, however, several new analyses of boulangerites
from various localities were made, and the early literature relating
to this species was examined critically.” Below is given a summary
of the literature and descriptions and analyses of boulangerites from
several new localities,

EARLY DESCRIPTIONS OF BOULANGERITE

Boulanger® in 1835 published an analysis of a “double sulphide
of antimony and lead ” from Molieres, Department du Gard, France.
The material was in crystalline-fibrous bluish-gray metallic masses,
having a specific gravity of 5.97. The mineral was associated with
pyrite in quartz and was in part altered to antimony and lead oxides
and limonite. Boulanger’s original analysis is given in the following
table, column 1. In column 2 is given the analysis recalculated after
deducting impurities, and in column 3 are given the ratios derived
from the figures of column 2. |

Analysis and ratios of boulangorite from Molieres, Franoe,

3. Ratlos.

] 20.60 | B5.67X1.00

.....................

.....................

The ratios thus give 5.57PbS.28b,S;, or midway between the two
formulas, 3PbS.Sb,S, and 5PbS.28b,S,.  Critical exnmi.nnﬁon- of the
analysis, however, shows defects which tend to make the ratios un-
reliable. In the first place, the analysis as given shows a deficiency
of 2.8 per cent, a part of which is evidently sulphur. Copper and
iron are not commonly constitutional constituents of boulangerite,
particularly copper. If we assume these two bases to be extraneous

1 Hintze, Carl, Handbuch der Mineralogle, vol. 1, p. 1040, 1004,
* Shannon, E. V., Amer. Journ. Sci., vol. 44, p. 66, 1918.
t Boulanger, C., Annales des Mines, vol. 7, p. 676, 1836.
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and derived perhaps from chalcopyrite associated with the pyrite,
the lead and antimony yield ratios as follows:

PR e s e s s .2603 26.03 4.91 5X0.98
. PR e S SRS S NS TR AR SR £ L, .2122 21.22 4.00 4X1.00

It thus seems very probable that the material worked upon by
Boulanger, and hence the mineral which should correctly bear the
name boulangerite, was of the composition expressed by the formula
5PbS.25b,S,.

The name boulangerite was first actually applied by Thaulow?
to a metallic mineral occurring in straight parallel fibrous masses
resembling jamesonite, from Nasafjeld, Lapland. In column 1 of the
following table are given the original figures of Thaulow’s analysis;
in column 2 the same analysis with the value for antimony reduced
to conform with the value at present used for the atomic weight of
that element; in column 8 are given the ratios derived from

column 2:

Analysis and ratios of boulangerite from Nasafjeld, Lapland.

—-___

1. Original,| % Recaleu- 3. Ratlos.
1P, SRR 55.57 | 55.57 | 0.2683 | 26.83 5.36 5X1.07
Antimony.......... 24. 60 24.07 | 0.2003 20.03 4.00 4X1.00
Sulphur............. 18.86 | 18.86 | 0.5881 | 58.81 | 11.74 11X1.07

Total ..cvuvens 99.03 L1 P R S DI, S g —

These ratios yield almost exactly the 5PbS.25b,S, formula, though
showing that the result obtained for antimony is doubtless too low.

Hausmann? in 1839 described boulangerite from Nertschinsk,
Siberia, having the following properties: Massive, with an indis-
tinctly fibrous structure like some manganites ; luster, metallic with a
silky appearance; color, blackish lead-gray, streak darker; scratches
galena but not sphalerite, hence the hardness around 3. Determina-
tions of the specific gravity gave 5.688, 5.726, and 5.941, the variation
being ascribed to impurities. The specific gravity of the pure min-
eral is stated to be not less than 6. The boulangerite was mixed with
arsenopyrite, pyrite, and stibnite being often intimately intergrown
with the latter. The specimens were crusted with oxidation products,
mainly limonite, and waxy to earthy bindheimite. In the following
table the analysis made by Bromeis is given in the original form and
with the antimony value corrected, together with the ratios as in the

preceding tables.

* Annalen Physik Chemie (Poggendorfl's), vol. 41, p. 216, 1837.
® Hausmann, J. F. L., Ann. Phys. Chem. (Pouggendorf's), vol. 46, p. 2581, 1839,
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Analysis and ratios of boulangerite from Nartschinak, sm

|
|| l.OﬂﬂnlI.i o~ g 8. Ratios,
T T R Teeil st
1 &7, [ i | .56.29 56.20 | 0.2718 27.18
Antimonyl . L oel e Wit 25.04 23.20 { 0.1038 19.38 2;5}:3
Sulphup .l it s dvpavaengs 18.22 18.22 |  0.5681 56, 81 11107
Totakeneucinssnmmanesis | 99.55 } 07,80 [iooiioidils s ommebeili LN pU g
s B i '

These ratios show that, assuming the deficiency shown by the anal-
ysis to be in part due to antimony lost, the mineral like those preced-
ing had the composition expressed by the formula 5PbS.2S8b.S.

The foregoing three original deseriptions offer strong evidence in
support of the conclusion advanced by Sjdgren—namely, that the
true formula for boulangerite is 5PbS.28b,S,. Later analyses of
this mineral from a large number of localities agree almost exactly
with this formula. It is not improbable that the compounds
3PbS.Sb,S,; and 10PbS.35b,S, also occur as natural mineral species,
but in the absence: of distinctive physical and crystallographic data
they have been confused with boulangerite, owing to the close
similarity in chemical composition existing between the three com-
pounds. The formula 10PbS.3Sh,S, has been assigned by Frenzel*
to the substances plumbostib and embrithite, but the analyses are far
from satisfactory. An arsenic analogue of this compound has been
found in the mineral guitermanite. Specimens of boulangerite from
Przibram, Bohemia, analyzed by Boricky and Helmhacker,® in part
agree fairly well with the formuls 3PbS.,Sh,S, as shown in the
following table. An equal number of the same series of analyses,
however, yields more nearly the 5:2 formula. = .

Analyses of boulangerite from Preibram, Bohemia. ' '

37D St 1 2 3 i
L1+ S T i . 58 75 57. 69 58 13 57.28 57.42
11}; ...................... 2300 | 2187 2281 2291 26, 11
- IO T MR PN 18,16 | 18.80| 17.60| 17.05 17. 74
R (IS .% .57 1.3: ............
QﬁjjiﬁliifﬁﬁﬁiiliIJIZZIZI:ZZZZZIIIIfﬁf s 43 [edonve o b LS g
i\, ) BPRE TG | 10000 | 10001 | 9211 00.89 100. 27

1 Journ. Pract, Chem., vol. 2, p. 880, 1570,
* Ber, Akad. Wien., vol. 58, 1867.
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A paper by Guillemain® gives analyses of material from Ober-
Lahr, St. Antonio, and Betzdorf agreeing almost exactly with the
formula 3PbS.Sb,S,. These results differ so sharply from those
of other analysts on materials from the same localities that they
have not been further considered here. The paper contains no
reference to the results of Sjogren, published the preceding year.

IDENTITY OF MULLANITE WITH BOULANGERITE,

From the preceding discussion it is clear that the true formula
for boulangerite is the same as that originally assigned to mullanite,
which, therefore, is chemically identical with boulangerite. The
angles measured on the imperfect crystals did not agree with those
of diaphorite, as stated in the original paper, but it is not impossible
that by adopting a different orientation the observed forms could be
referred to the axial values given for boulangerite by Sjogren. Un-
fortunately the original measurements were not published and the
notes are not now available. There exists no sufficient ground for
separating the materials called mullanite from typical boulangerite.
The first two boulangerites described below are the original occur-
rences of “ mullanite.”

BOULANGERITE FROM THE GOLD HUNTER MINE, MULLAN, IDAHO.

In the lead silver ore of the Gold Hunter mine at Mullan, in the
Coeur d’Alene district, Idaho, boulangerite is a constant constituent
of the more quartzose portions of the ore occurring commonly as
small fibrous masses in quartz or as thin acicular needles in small
cavities in quartz which are lined with crystals of quartz or siderite.
In color the mineral is steel-gray, with a brownish gray to brown
streak. The specific gravity of the needles was determined to be
6.407. Excellent specimens are frequently obtained at the mine.
Some typical specimens showing abundant needles lining cavities
in quartz have recently been received at the United States National
Museum from Mr. C. L. Herrick, manager of the mine (Cat. 93760).
Upon analysis the needles of boulangerite from this locality yielded
the results given below, the iron being due to siderite present as
impurity in the sample:

Analysiz of boulangerite from Mullan, Idaho.

BoRd e i e e 53. 33
8 g T ) N N S e 24, 67
Sulphur__ S et e T L e S S R S s il | Vi D
Arsenle. - e e e N e R .64
£ o) 1N O ey | S S TP - VSTV - R 1. 47

Totalz s siuanasd e e sl e e s QP

1 Gulllemain, C., Zeltschrift Kryst. Min, vol. 83, p. 74, 1800,
181404—21—Proc.N.M.vol.he&——38
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BOULANGERITE FEOM BUPFERION, MONTANA.

Boulangerite was a constant constituent of the zine ore in Y ;&.
mined at the Iron Mountain Mine, Superior, Montana occurring in
all of the ore as small disseminated grains and fibers in'ﬁm ' '
sphalerite, and as bunches of coarse fibers with coarse granular dark.
brown sphalerite in white quartz. A specimen of typical material
in the United States National Museum shows course-fibrous steel-gra:
boulangerite, with sphalerite in pure white vitreous vein qu.uh’.
Upon analysis the material of this occurrence, having & brownish
streak and a specific gravity of 6.274, gave the following results:

Analyses of boulangerite from Superior, Montana, Yo

i 2 Averaga,
Loud.... .. oo it s A s S 55.13 | 54.93 | = 55.08
Antimondf. {040 LV SV B A ST ETIIERIgE 25,73 25,60 |' &g
BulpBUr, oo vyne - 3on pm siTHg e ool s BAKT ey San bbb ] oo b selels 18. 67 18907 . 18
ATBBIIC. . .o T e i T5 0 as vie s a s LT e WL SRS e .25 .2 =
Tronl cillviiiid it il i i PRV L 3 i Trace. | Trace. Trace.
g GER L e R L B R el L e T £9.78 09. B4 90.83

BOULANGERITE FROM THE NORTH STAR MINE, IDAMO.

The United States National Museum has recently acquired seversl
specimens of the typical mixed ore of the North Star Mine, Wood
River district, Blaine County, Idaho. This mine at one time made a
considerable production of lead-silver ore from workings within the
oxidized zone. When the primary mineralization of the vein was
encountered it was found to consist of such refractory mixtures of
diverse minerals that the ore could not be mined at a profit, and
the mine remained closed for s number of years. Within the ps
few years new operators have opened the property and have been
attempting, by modern metallurgical methods, to separate the valu-
able minerals of the ore, but with indifferent success,

The ores are reported to consist of intimate mixtures of galens,
sphalerite, chalcopyrite, pyrite, pyrrhotite, arsenical pyrite, and
“ antimony ” in a gangue of quartz. The specimens in the United
States National Museum collections show galena, pyrite, dark brown
sphalerite, arsenopyrite, and & gray antimonial mineral in & gangue
of quartz, or, in one case, crystalline dolomite. The gray mineral
which heretofore has evidently been mistaken for stibnite is, so far
as tested, all boulangerite. This boulangerite is a constant constituent
of the ore, not only of the Star mine, but also of s number of ad-
joining mines, and the total amount of ore in which it forms &
prominent constituent must amount to many thousands of tons.
The arsenopyrite which is abundant in the ore has a peculiarly brassy
yellow color, like pyrite, which disappears when it is immersed in
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dilute hydrochloric acid. It forms slender prismatic crystals, averag-
ing 1 centimeter long by 1 millimeter in diameter, showing usually
only the unit prism, terminations being very rare.

The boulangerite has the usual steel-gray color and metallic
Juster and exhibits the characteristic brownish streak. It occurs
as compact parallel-fibrous masses, as slender needles lining cavities,
and as compact and slightly schistose massive forms with other
sulphides, the massive variety evidently having been subjected to
pressure. The boulangerite is commonly the youngest mineral of the
vein, and it often lines cavities or occupies the spaces between the
erystals making up quartz combs. Upon analysis a sample of the
boulangerite gave the results in column 1 below. In column 2 the
analysis is recalculated to 100 per cent after deducting gangue.

Analysis of boulangerite from the North Star mine, Idaho.

oo | 2. Reealen-
‘]. ﬂrigmsl.i lated.

49 44 | 55. b2

P (S )l W e S SR Y e WL 1L ST GRS B L8 PO Y
IIREVOL. oo b B Sios i sinrmiates e o o+ e R R S e | Trace Trace.
L YR e e . i .38 .43
T ek R e S L e Y S P s S e s S SR ‘ 21.03 23. 63
P r i, L [ U N R e _ .94 1. 06
Baphair. . il R e e s e s e | 17.24 | 19. 36
psluble. o RS e L R e NS Rk { 20:8B ficicoooi

ok s e e e e e e e T e e

BOULANGERITE FROM THE INDEPENDENCE MINE, IDAHO.

A specimen from the Independence Mine, Wood River mining
district, Idaho, consists of coarse granular white vein quartz con-
taining abundant small pyritohedral crystals of pyrite and fibrous
masses of boulangerite. One side of the specimen bears a felted or
curved fibrous mass of steel gray boulangerite, and a joint surface
which bounds the specimen on one side bears small rosettes of radi-
ating, deeply striated, short prismatic crystals of boulangerite
showing well-defined cleavage parallel to the elongation. In color
the boulangerite is rather light silver-gray and its streak is brown-
ish-gray on paper and distinctly brown on porcelain. A selected
sample of the compact, curved, fibrous material gave upon analysis
the results tabulated below :

Analysis of boulangerite, Independence Mine, Idaho.

99.89 | 100.00

IOl e e i ieas 3. 58
7T [ SR SRS SRR I RS o PR 1 . 2y | ]
Silver o e S Emd 5 /oA el ¥ Trace.
Iron __ S e R Lot SR, e = .41
Antimony___ _. — : —_ P 28. 83
Arsenle _____ e e it " e g .12
Balphar..oocncaemannmnnasns ST 18.11

- 99.84

ROt S S e S S R S R e e e e

T

Snecial Collections.
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BOULANGERITE FROM PRRU, i 3'H, ol

L ER 5 D T BT :

An exceptionally fine specimen of typical * minersl wool? ths
received by the United States National Museum, has bﬁm T
and found to: be boulangerite. The specimen came to the. depart.
ment of geology indirectly through the Division of Mi Techs
nology, and little is known regarding its history other than M-ﬁ
probably came from the Panama-Pacific exposition, It was with »
lot of ores labeled Peru. A small label on one end of the specimen
bears the words “ Atlante No. 10,” and & fragment of a label found
with the specimen, so far as it could be deciphered, read: 8. 8.
Fluke. ... vetd NUeVA-L- . distanci 7.--.ds de Huanca....Secs,
Se llama. San Antonio.” o A

Occurrence.—The boulangerite coats the upper surface of the
specimen with a soft mat of interlaced fibers, covering an ares 12 by
16 centimeters. The specimen, which is 12 by 16 by 9 centimeters
in maximum dimensions, evidently represents the crust from one
wall of a partly filled fissure. The specimen illustrates very besuti«
fully the paragenesis and association of the minerals of the veim
The first deposit on the walls of the fissure was resinous dark-brown
sphalerite, which, mixed with s very little pyrite and galena, forms
a layer averaging 3 millimeters in thickness, Next came binish
white to white greasy quartz, which forms a massive layer up to
5 centimeters in thickness, upon the surface of which was deposited
a crust or comb of long needlelike transparent quarts erystals, aver-
aging 1.5 centimeters in length, with a thickness of from 1 to 2
millimeters. Upon the comb of quartz erystals was next formed &
thin layer of arsenopyrite in crystals up to 3 millimeters in dmm-
eter, followed by pearly buff manganiferous siderite, which makes
a crust composed of large and somewhat curved rhombohedral CTYE;,
tals 2 centimeters or more on an edge. The boulangerite forms s
wool-like mass of matted fibers, 1 to 2 centimeters thick, covering
the siderite. It was the last mineral in the vein to be deposited. \

Physical properties—The boulangerite is in the form of exceed-
ingly thin dark steel gray fibers, matted together in a loosely coher-
ent felt. The individual fibers are very flexible. Owing to the mi-
nuteness of the crystals and their manner of aggregation, the spocl.ﬂq
gravity and hardness of the mineral could not be determined. The
streak is distinctly brownish gray to brown. :

Chemical composition.—A sample of the wool-like mfterill .pu:bd
from the felted mass was analyzed, yielding the composition given in

the following table:



NOTES ON METALLIC MINERALS—SHANNON. 697

No. 2851.
Analysis of boulangerite from Peru.

Per cent,

Ingotabibe: e on s e s e sy s s s e 0. 36

BROD i e e 0. 47
Lead__ e e e e e e e e e e e e e e e et e 54. 34

BIvYer s e conte e S e Y Trace
AR s e e e e 25. 33

I i) P S R el v S L 18. 51
99. 01

A slight evolution of carbon dioxide took place upon solution of
the mineral in hydrochloric acid, indicating that a small amount of
siderite was included in the sample as impurity. The iron may all
be in this form, and the 1 per cent loss is probably CO, and MnO.

BOULANGERITE FROM OBER-LAHR, GEEMANTY.

A specimen of boulangerite in the United States National Museum
collections, labeled Ober-Lahr, Germany, was received in exchange
from Mr. B. Sturtz in 1886 (Cat. 47,005). The specimen is almost
entirely composed of the boulangerite, the only impurities being rare
grains of buff manganiferous siderite and quartz. The boulangerite
is wholly devoid of any trace of fibrous structure, being completely
massive, with a schistose structure, somewhat rounded and contorted
and apparently due to pressure. The color is somewhat darker than
that of the fibrous boulangerites previously described, being com-
parable with that of some massive tetrahedrite. The mineral assumes
a bluish tarnish. The streak is the characteristic brownish color
typical of boulangerite. Upon analysis the material of this specimen

yielded the following results:

Analysiz of bowlangerite from Ober-Lahr, Germany.

Per cent.

T e e e RN S ST o « . . . |
Silver _ . s — - Troce,
3.1 1]} SRS e SN e - Snu LT .- 24.565
[2111] v] 1] 1] RSP PSS S S ---- 18. 98
Insoluble__ TR e S e S S TW: | ;|
Total __ - - 99. 47

BOULANGERITE FROM PRZIBRAM, BOHEMIA,

A specimen in the United States National Museum collections
(Cat. 83.983) from Przibram looks precisely like the specimen from
Ober-Lahr. The color, structure and streak are the same. The
curved schistose structure is more pronounced, the platy layers curv-
ing completely around one end of the specimen. The boulangerite
contains considerable quartz and buff manganiferous siderite and

—— Caiainl Mallartinng

o :L
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a little fine-grained galena. A sample selected carefully, in o;
to avoid galena, upon analysis afforded the following results:
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Analysis of boulangerite from Przibram, Bohemia.

19771, RS WS, By - T 45.08
ADGMONY: i s 24.88
IE0M | e e s S Trace.
Sulphur o =" . 18. 65
Ingolnble i ! 1,10
Total i e LUl eeat 4

S
ki

The name bismutoplagionite was recently given by the present
writer to a new lead sulphobismuthite received by the United States
National Museum from Mr. Tim McCarthy, of Wickes, Montans.!
The specimens of ore in which the hew mineral oecurs came in
through the routine channels, with the request that the minerals be
identified and that the material be tested for platinum.’ Blowpipe
tests made by Mr. W. F. Foshag, of the Division of Mineralogy,
indicated that the gray constituent which was present in small
amount in a few of the pieces consisted essentially of » sulphide
of bismuth and lead.’ Further correspondence with the sender ré-
sulted in the obtaining of a few additional small pieces of the ore,
some of which contained the gray bismuth-bearing mineral =« * *

BISMUTOPLAGIONITE FROM WICKES, HON‘I‘ANA. .

OCCURRRNCE.

Nothing was learned about the locality from which the specimens
were obtained, but it is presumed that they came from some unde-
veloped prospect in the vicinity of Wickes, which is a small min-
ing town in Jefferson County, north of Boulder. The specimens
as received consist of chunks an inch or two in diameter, consist-
ing mainly of coarsely crystalline pyrite, showing cubie crystals
with the corners truncated by octahedral planes. Thess masses of
pyrite contain, in addition to the bismuth mineral, nests of yellow-
ish scaly sericite, masses and prismatic crystals of quartz, mq small
aggregates of chalcopyrite, tetrahedrite, and galens. The minerals
other than the bismutoplagionite occur in connection with the masses
of quartz. The bismuth mineral oceurs rarely with the galena and
tetrahedrite, but for the'most part it occurs interstitially ﬂth_n’_l_'d
to the pyrite crystals and in masses of the latter mineral which are
free from the other metallic minerals.  Such pieces, when polished
and examinied microscopically; show no lack of homogeneity in the
gray mineral. . Only specimens which were unquestionsbly free from

P4

1Shannon, B, V., Amer. Journ. Becl, vol. 48, pp. 160188, 1920.
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1

galena and tetrahedrite were used in the analysis. The bismuto-
plagionite is molded around both pyrite and quartz crystals. In
one small cavity between pyrite crystals the bismutoplagionite was
found to form small prismatic needles.

PHYSICAL PROPERTIES.

In appearance the new mineral is not distinctly different from
cosalite, galenobismutite, or many other sulphosalts of lead. The
color is slightly bluish lead-gray and the luster is rather dull metal-
lic. The aggregates are indistinctly fibrous, the fibers curving about
idiomorphic erystals of pyrite or quartz, which, when removed, leave
lustrous molds in the gray mineral. There are one or more ill-defined
cleavages parallel to the elongation of the fibers. In one instance the
bismuth mineral formed very minute free acicular crystals, extend-
ing across a minute cavity between pyrite crystals. These needles
were too minute for measurement, were not terminated, and were
deeply striated parallel to the elongation. The fibrous habit of the
massive material, the elongate striated needles, and the cleavages
parallel to the elongation unite to suggest that bismutoplagionite is
probably orthorhombic in erystallization. The streak of the mineral
is dull brownish-gray ; the hardness 2.8 and the specific gravity 5.35.

PYROGNOBTICE.

Before the blowpipe alone on charcoal bismutoplagionite fuses to
a brittle globule and yields a coating which is yellow nearest the
assay (lead) and white in its outer portion (bismuth). With sodium
carbonate it is reduced to a metallic button, yielding similar coatings
on the coal. In the closed tube it yields sublimates of yellow sulphur
and black antimony sulphide. In the open tube abundant sulphur
dioxide is given off, and at a high temperature there is formed a
heavy sublimate, which is yellow when hot and yellowish white when
With potassium iodide-sulphur mixture a strong bismuth

Snecial Collections,

cold.
reaction is obtained.
CHEMICAL COMPOSITION AND PROPERTIES.

Lih

It was quite impossible to obtain a sample for analysis which did
not contain pyrite, as the two minerals were found to be very inti-
mately mixed. Several lumps of the pyrite-bismutoplagionite aggre-
H gate which, upon examination of polished surfaces, seemed to con-

tain no additional minerals, were crushed to an average grain of
2 to 3 millimeters. From this granular sample the purest grains of
the gray mineral were selected and each grain was examined with
a high-power lens without detecting any galena or other impurity.
This selected material was then ground and sereened and used for
analysis. The sample contained abundant pyrite, but this occasioned
slight concern since preliminary tests had shown that the lead-bis-
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muth mineral was completely soluble in hot concentrated hydz_o.-
chloric acid while the fresh clean pyrite was not apprecisbly at-
tacked. The portion taken for analysis was dissolved on the steam
bath with concentrated hydrochlorie acid and the insoluble material
was caught and washed thoroughly on a Gooch crucible, dried at 108
degrees and weighed. It consisted mainly of pyrite which was later
proven free from any trace of lead or bismuth. The solution was
then analyzed by standard methods, yielding the results given below :

Analysia of bismutoplapionite. \

(70 PRI DR S LG e L D 18. 88
 PO7 WY ) IR s T — 2815
Iron () e I —
ANHONY (D) e e e T 2.4
Bismuth (Bl ) L o L S oI o e e 87. 14
Sulphur (8) (calculated) . oocooo S5 14. 17

e b T el MR e S SR 00.88

Because of the complications introduced by the large amount of
pyrite present, sulphur was not directly determined—an omission not
serious in view of the fact that the constituent bases, when caleu-
lated to their respective sulphides, bring the total reasonably close
to 100 per cent. On the assumption that the pyrite was attacked to
a slight extent by the acid, the iron found in solution is deducted
as pyrite (FeS,). The composition derived for the gangue free
bismuth mineral, in terms of 100 per cent, is given below, together
with the ratios derived from the percentage figures:

Recaloulated analysis and ratios of bismutoplagiondte

I Per cont. Ratioa.
Loadyt Hi i OB SR LIt 83.02 | 0.1504 15. 94 5.31 X101
EES:?II:S; ................... grass 4&3 .%& 25. 08 R 38 8% 1. 00
DUMONY .. .ccoressprarnsesass -
Su]phur.y: .................... I 17. 04 . 5318 53.13 17.7M 17X1. 00

These ratios indicate exactly the formula:
Pb, (Bi,Sb),S,,, or 5PbS.4(Bi,Sh),S,.

or the compound is 5PbS.4Bi,S,; with the Bi in smﬂ.l.mmra re-
placed by Sb, the molecular ratios of bismuth to antimony bamg
approximately as 9:1. This formula brings the minersl in line,
chemically, with plagionite and liveingite, the formulas for the
three minerals being:

Plagionite. - .- . s Mpebirnbdeb T W g —cF
Blamutoplagionite. . et
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That bismutoplagionite is strictly 1somorph0us w1th plaglomte
and liveingite does not necessarily follow. The latter minerals are
of the monoclinic division of these sulphosalts, while bismutoplagio-
pite is probably orthorhombic. Dimorphism is very common in
the sulpho minerals, and it is not improbable that orthorhombic
forms having the compositions of plagionite and liveingite occur
or that a2 monoclinic modification of the compound 5PbS.4Bi,S; may

be found.
SILVER JAMESONITE FROM IDAHO.

A specimen of silver ore from the Poorman Mine, Silver City dis-
trict, Owyhee County, Idaho, preserved in the study series of ores in
the United States National Museum, was found to consist in large
part of a light-gray metallic mineral which was not immediately
identifiable. Subsequent analysis indicates that this is a lead sul-
phantimonite similar in composition to jamesonite, but unusual in
containing an appreciable amount of silver.

OCCUERRENCE.

The mineral occurs in rather large amount in a typical rather
coarsely crystalline white vein quartz, which is loose textured as
from combs of crystals grown together from opposite sides of a nar-
row vein. Where cavities occur in the specimen they are bounded
by plane faces of quartz crystals. The deposition of the sulphanti-
monite began before the quartz crystals had ceased to grow, as shown
by the quartz crystals in some cases including variously oriented
needles of the metallic mineral. The deposition of the latter mineral
continued after the cessation of growth by the quartz crystals, until
nearly all of the lntercrystal spaces were sohdly filled with the james-
onite. When the quartz is broken up, prismatic crystals are loosened,
leaving lustrous molds in the gray mineral. The only other minerals
in the specimen are rare stains of pyrargyrite, resinous yellow grains
of sphalerite, and small nests of sericite.

PHYSICAL PROPERTIES.

The sulphantimonite is somewhat unusual in appearance, being
quite unlike ordinary jamesonite. In color it is very light gray on
fresh fracture, almost silver white, and the luster is metallic splen-
dent. The masses are fine grained and show only a faint suggestion
of fibrous structure. At its contact with some of the clearer quartz
crystals, however, the mineral is in distinct needles penetrating the
quartz. Polished sections examined with vertical illumination show
every gradation from wholly massive material to material made up
of interlaced prismatic needles. Careful examination of polished
surfaces failed to demonstrate the presence of more than one mineral
in the gray masses. In very rare and small cavities in the quartz

a T ihrarv Qnecial Collectiong.
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the sulphantimonite occurs in free needles of very minute size, which
are entirely too small for goniometric measurement. Upon exam.
ination these needles were found to be exceedingly brittle, breaking
across the elongation at the slightest touch, in a manner indicating s
rather perfect cleavage in this direction.: Upon exposure the miners!
assumes a faintly yellow: color: The hardness is about 2.5, Whes
rubbed upon paper the mineral gives a gray mark like that made by
hard graphite, but its streak upon unglazed porcelain is reddish
brown.
PIROGNOSTICS,

The blowpipe characteristics of the mineral are the usual ones fo
sulphantimonites of lead. In' the open tube it yields sulphur diexids
and a heavy sublimate of white antimony oxide. In'the closed tubx
fragments melt and yield a faint' upper ring of antimony oxide, suc
ceeded downward by a yellow ring of sulphur, a red band of anti
mony oxysulphide, and a black coating of antimony sulphide.

CHEMICAL PROFERTIRS.

The mineral is completely soluble in hot concentrated hydro
chloric acid. Selected fragments of the mineral when separate(
from quartz were analyzed with the results given in the following
column:

Analysis of silver jamesonite.

LR - ((PD) e remeest ot s i i i m gy e b Ly 40. 77
Copper (Cu)eeeooee o i e o e N e .15
) €01 QU 2 - S T ¢ .40
Blver (A —-lo e S 7.40
Antimony (Sb) L ol il s L . 80. 61
Sulphur (8) . o o coaolend i snaloSllog 20. 81

e 100. 80

This analysis yields the ratios given in the following table:

Ratios of silver jamesonite.

.............. [ 1,969 | 1,969 8.00 |
L i et 243 - | aom | i2xL0
cilas ............................. 23 1 asaf. 197 ]
e A IR L -
sﬁ,s, .............................. l 1,274 | 1,274 | 5. 13’ 5.18 1XL 0

The amount of sulphur given in the analysis is somewhat highe
than required by the bases present, a fact possilfly t::aceable to ar
error in the analysis. From the above ratios it is evident that th
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mmeral agrees very clnsel} \vlth the simple formula given in most
textbooks for jamesonite, namely, 2PbS.Sh,S,, Taking the silver
into account we have for the present mineral the formula:

2(Pb,Ag,)S.Sb,S,,

with lead and silver present in definite ratios as Pb: Ag,=4:1.
Expanding the above formula gives—

8PbS.2Ag,S.55b,8,,

with silver (Ag,) in small measure replaced by copper (Cu,) and
»  iron (Fe).
o In a recent paper Spencer® writes that jamesonite showing the
= brittleness of the needles, which indicates transverse cleavage, does
* not agree with the formula commonly given, but has the composition
H expressed by the formula 7(Pb,,Fe,;)S.4Sb,S,, and shows that the
~ more generally accepted formula 2PbS.Sb,S, belongs rightly to
-' plumosite, the needles of which are flexible and not brittle. Schaller.?
® more recently still, proposes a different formula for jamesonite—
namely, 4PbS.FeS.3Sb,S;. The present mineral may be compared
with these two proposed formulas as follows:

SPDS. WeB 38bB, . 1 .0l Gl Tl Sl L A a0 Jamesonite (Schaller).
B R R R e s T S A Idaho silver jamesonite.
7(Pb,/;Fe,,,)8.48b,8,....... A B e S R Jamesonite (Spencer).
RO L AR N1 I8 BABBD Sy - e o5 -3 55 s Sns s b e Silver jamesonite.

T

Taking into account the perfect cleavage manfested by the brittle-
ness of the needles, and the fact that silver almost completely replaces
the iron which has been regarded as an essential constituent of jame-
gonite, the present mineral is designated silver jamesonite rather than
simply argentiferous jamesonite. -'Were it not for the stress laid by
recent writers on the value of the cleavage as a diagnostic charac-
teristic of jamesonite it might perhaps have been better to call the
Silver City mineral simply argentiferous plumosite.

The mineral above described does not differ greatly in composition
from the argentiferous jamesonite from the Sheba mine, Star City,
Nevada, described by Burton.® ' This mineral is described as silver-
white to bluigh-white in color, massive to coarsely fibrous or columnar
in structure with a hardness of 2.5 and a specific gravity of 6.03. Tt
was associated in quartz with =phnlerit(- and tetrahedrite. 'Selected
samples gave, npnn analysis, the results in the following table.

il 155

lspencer L. .‘f Mlnommglul Mngutnr vol. 14, p. 207, 1907,
. ! Bchaller, W. T., U. 8. Geological Burvey Bull. 480, p. 26, 1911,
*Burton, B. B, Amnr. Journ. Bel,, vol. 45, p. 88, 18AK,
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Analyses of argentiferous jamesonite from Nevada,

ot ey
|

Load (Pb)..ccvizareassione st i0a bt g b ol b '
Bilver (AB) .. i it s st e e e % fg ' ‘& 1
Coppeat (U1 e o6 s ge o insons st sellaBse g o LIS e L72 1
{\mﬂ (F a}"(‘bll‘)} ...................................... .05 | .
Antimony (8b)......ccoveveennnenn . vra@iie sl 29.08 |
Fayi1yed ol T I i V-t 72 I : 2908 ﬁ

Total......cceennennnn.ir 65 20 88 HA'E ! ......... 09,

The formula derived by Burton from this analysis is:
2(Pb,Ag,Cu)S.8b,8,

NAUMANNITE FROM IDAHO,

In the course of 'a general mineralogical investigation of tﬁi""‘w
Economic Geology Collections of the United States National Mu-
seum, the writer recently examined a specimen, suppesed to hl-r 1."“
argentite, from the De Lamar mine, Silver City district, 0'«1!:‘5 g
County, Idaho. This specimen has been proven by analysis bal o
consist of naumannite, the rare selenide of silver, which has nots
heretofore been reported from any locality in the United States. ;

OCCURRENCE.

The specimen in question, which is labeled “Argentite nugget
coated with clay, De Lamar Mine,” was collected by Eldridge in
1893, and is catalogued as number 201 of the set of ores :Hu.stnﬁn‘
his report on a Geologlc reconnaissance across Idaho.?

The De Lamar mine has been in the past an exceedmgly nchlp*
profitable gold-silver mine, having produced precious metsls to &h ?
value of $6,000,000 within as many years after the discovery of & £t line
main ore body, . Several veins of the same system have been w ’ --!
The inclosing rock is rhyolite, and the veins are filled ﬁmm'u, t-lll
gangue being mainly a peculiarly platy quartz, which is pseado-
morphous, probably after calcite or barite., All of the veins terminate
abruptly at a great transverse fissure filled with soft kaolinitic chy,. ,_‘
derived by crushing and alteration of the material of the wails, This = * ws
great clay gouge, which is locally designated the  iron dike,” has had ,"
the effect of damming the mineralizing solutions and greatly localiss = =
ing the deposition of the ores.. Near the under side of the clay vein ==
were the “ silver stopes,” where the veins upon approaching the “iron™ ==
dike " were unusually rich, and bunches of rich ore also occurred in = ,*" /
the separatmgtauntry ror-k In the crevices immediately ld)m‘h Pk

1 Eldridge, Georse H., U S Geol Survey, Ann. 16, pt 2, 180K
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the “iron dike ” argentite and ruby silver were found in nuggets em-
bedded in clay, and small streaks of whitish kaolin, strongly impreg-
nated with argentite, were also rich in gold. Some clayey streaks in
the hanging walls of veins elsewhere in the mine are also rich in argen-
tite, although as a whole the mine is predominantly a gold mine. The
minerals of the vein include native gold, argentite, and ruby silver,
and, near the surface, some cerargyrite.r The ruby silver of this mine
is largely miargyrite. The specimen of naumannite described below
was supposed to be typical of the larger nodules of argentite occurring
in the clay seams. To what extent the so-called argentite consisted of
naumannite is not known, but it is far from impossible that nearly all
of the abundant nuggets and streaks of so-called silver sulphide
which occurred in kaolin in this mine may have been naumannite. It
is to be hoped that other specimens of these ores can be secured for

examination.
PHYSICAL PROFPERTIES,

The specimen is an irregular flat rectangular nodule about 10 by
7 by 3 centimeters in maximum dimensions and weighing about 475
grams. Little of the metallic mineral was visible on the exterior of
the nodule, which was completely coated with a tenacious layer of
grayish clay. The interior of the nodule consists of the heavy
metallic mineral which is so tenacious and malleable that projecting
corners are broken from it with difficulty. On broken surfaces it is
seen to have a hackly fracture and dark blue-gray color. The luster
is metallic, and the surface, upon exposure, does not become appre-
ciably dulled, nor does it assume the furred appearance characteristic
of argentite. When polished sections are examined under the micro-
scope with vertical illumination the mineral is seen to be pure except
for the clayey matter which is scattered in grains and small patches
throughout the mass, and marcasite, which forms small disseminated
points in the silver mineral. The hardness is about 2.5. The streak
on paper is dark brownish gray: on porcelain, gray, faintly shining.
A specific gravity determination on fragments containing 5 or 6 per
cent of clay gave the value 6.527.

PYROGNOSTICB.

Heated before the blowpipe on charcoal the mineral yields selenium
immediately, and colors the flame blue with the production of the
characteristic selenium odor, leaving a large mass of malleable silver.
In the closed tube it gives odors of sulphur and selenium, and yields
a series of sublimates in rings which grade from yellow (sulphur)
at the top, through red (selensulphur), to deep red and black (sele-
nium). In the open tube there are obtained odors of sulphur, and

1 Lindgren, W., U. 8. Geol. Survey, Ann. 20, pt. 8, p. 127, 1800.

s
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especially selenium, and a white ring of volatile crystals of ﬂe;
oxide, which is faintly red in its lower portion from:the presence of
unoxidized selenium. The silver remaining behind is quite pure and
hence is difficultly fusible. = -

CHEMICAL PROPERTIES,

-

The mineral is insoluble in hot concentrated or dilute hydrochlorie
or sulphuric acids, but dissolves readily in hot' concentrated nitrie
ol ¢ acid. Samples free from the clay gangue could not be obtained,
1. as the mineral is too malleable to admit of pulverization. Tt was
bt | thus necessary to estimate the amount of clayey impurity in the
; sample analyzed from the amount of insoluble residue (ignited)

i Sl s i il o Sl

In the analyses the amount of insoluble material found, after
ignition, was multiplied by the factor 1.1234 and deducted from the
weight of the sample taken. After this deduction the analysis gave
the results given in column 1 below. Since the sample contained
some marcasite, the amount of iron found is deducted, together
. with sulphur to form FeS,, leaving the results given in column 3
of the following table. .In column 3 the figures are recalculated to °
show the composition of the naumannite, free from marcasite, in
terms of 100 per cent.

B fl obtained from the mineral. A preliminary examination of ths
i | i purest and whitest clay which could be seraped from the crast
? i gave the following results: gy
(71 ; Insoluble matter (ignited) . __________________ 87. 70

‘g i1 Biltver 2l luingi 2 1.14

B Selenium and sulphur (calculated ) - .o i o o .54

o Water plus loss (by difference)_________.. _ __ . ____ 10. 82

=

g 100. 00

‘Ll :’-l’l-l-l.l.] ‘du‘);) LHMUAALUD D 11 AU UDLDLAS UL bl 4 v o » -:.- papen

Analysis of naumannite from Idaho.

=00l Wl LA R BSOS od B 2L LS —— —3 -
‘C;:l;!nl.l Maroaaits Ro&luo
yuls. | deducted, | lsted.
T T Gt TIPS, . F 0 L (T C AL\ T (LIS 74.13 74. 13 75. 98
TOMY e v e o e S R T TR g T e o i 90 | s ceas e
Selenfumz, .ol iidciviadivea s saba W AN SR A TS 22.37 22.87 22.92
Sulphut: o dionn s wipir s vasssafne s le gy 2.10 LO7 110
17« [ R P P e b S ot P T 99. 50 97.57 100.
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Column two of the above table yields the following ratios:

Ratios of naumannite.

1032 | 10.32| 1X1.04

o gve{(Ag,) .................................. | 0. 3436
T e B e e Y e - S 0.2824 | B8.48 | |
; 0.0333 | 1.00 } %48 | 1X: 9%

T g PR A

The mineral thus agrees reasonably well with the formula usually
assigned to naumannite, Ag,Se, the selenium (Se) being replaced to
a slight extent by sulphur (S). Aside from this replacement and
from the mechanical impurities mentioned, the material is remark-
ably pure silver selenide, careful determinations having proven that
lead, copper, gold, zinc, arsenic, antimony, bismuth, and tellurium
were either absent or present in minute traces.

The ratio of selenium to sulphur is so great (17:2) that the mineral
must be designated naumannite, Ag,Se, rather than aguilarite,
Ag,S.Ag,Se, in which sulphur and selenium are present in molecu-

larly equal amounts.
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