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ABSTRACT

INTRODUCTION

The Silvermine district, so nanxed for minor
production of silver during the late 19th century, lies
14 km west of Fredericktown,Missouri, on the St.
Francis River in northeasternMadison County @ig.'
l). Data on the geologyand generalmineralogyof
the district are givenin Lowell & Gasparrini(1982).
The presenceof silver in the district has beenknown
since 1855when the property was first worked as
mineral land. In a study of the ore-dressiqgwork on
the then-activeEinstein vein, Wilson (1879)reported
for the first time that nearly all the silver is carried
in galena;he presentedfive fire assaysof purified
galenarunning hween I and 3 kglt Ag. The apparent
absenceof silver mineralsin the ore as inclusionsin
the galenaled him and subsequentinvestigatorsto
concludethat the galenacarried its silver valuesin
Keywords: "argentiferous" galena, argentiferous tetrahe- solid solution. Argentiferous galenafrom the district
drite, Silverminedistrict, Missouri.
was thereafter reported by Haworth (1888),Keyes
(1895),Tarr (1921),Singewald&Milton (1929),TolSoMMAIRE
man (1933a, b), Kidwell (1946), Lowell (1976),
Lowell & Tobey (1976)and Lowell & Kurz (1977).
La galbnedesfilons de greisend Sn-W du district de SilRecently,Haeni (1981)describedfive silver-bearing
vermine, dans le Sud-Estdu Missouri, contient de I d 3
kg Ag par tonne et destracesde Bi, Sb, Sn, As, Fe, Cu, mineralsfrom the district: argentiferoustennantite,
Zn et Au fiusqu'd ll g/tonne). Depuis longtempsconsi- antimonpearceite,argentiferouschalcopyrite, a AgCu-Bi sulfide and argentiferous galena, which
d6r6e comme galdne argentifOre, elle est ici examin6epar
microscopieoptique (1250x) et par microscopie6lectro- replacesthe other four carriers.
nique d balayage(12500x ). Elle contient deuxtypesd'incluIn the Silvermine districl, galenaoccurs in irregusionsinfimes: en globuleset en bitonnets, align6ssuivant larly distributed massesranging from a few to 50 mm
des droites; leur distribution fait penserd une origine par in diameterin associationwith other vein sulfides,
exolution. Les propri6t6soptiquc et lesr€sultatsd'analyses particularly pyrite. It is always a minor constituent
d la microsondeet par dispersiond'6nergied'un speitre in sulfide-richzonesand rarely forms masseslarger
au microscopedlectroniquemontrent la prdsenced'une
than I cm in size.Many examplesof galenareplact€tra6drite argentifbre d teneur d'argent variable (jusqu'i
environ l59o) et d'un min6ral de Cu, Fe, Sn et S, mawso- ing or filling fractures in the other sulfides can be
nite trbs probablement.C'est la premidrefois qq'on signale observed,but the mineral also occursas inclusions
ces deux espdcesdans cette r6gion. Des analysesr6pdtdes in pyrite, sphaleriteand chalcopyrite,which are not
de domaineshomogdnesmontrent que la quantit6 d'argent fracture-related.Most of the galenathus appearsto
que peut contenir la galbneest infdrieure au seuil de ddtec- be late in the sulfide paragenesis,
but someoverlap
tion par microsonde6lectronique(environ 0.02V0).
with other phasesprobably occurs. Available assaydata for silver in galena-rich and galena-poor sam(Traduit par la Rddaction)
ple$, as well as the findings by Hagni (1981),indiMots<lds: galbne"argentifbre", tdtraddriteargentifbre,dis- catethat silveris not exclusivelyconfinedto galena,
trict de Silvermine,Missouri.
as assumedby previous authors.
Galena from Sn-W greisenveins in the Silvermine district of southeasternMissouri containsbetweenI and 3
kg,/tonneAg and carriestraceamountsof Bi, Sb, Sn, As,
Fe, Cu, Zn and Au (up to 1l g,/tonne).Suchgalena,long
consideredargentiferous,has beenexaminedoptically at
1250x and by SEM up to 12,5@x . It clearlycontainstwo
types ofminute inclusions: round blebsand rods. Their distribution in rows suggestsan exsolution origin. Optical
properties and electron-microprobe/SEM-EDS analyses
indicate that one ofthe cryptic phasesis argentiferoustetrahedrite containingvariablearnountsof silver (up to approximately l5Y0) and the other is a Cu-Fe-Sn-S mineral. verv
likely mawsonite. Neither phase has been previously
reported from this locality. Repeatedanalysesof homogeneous domains within the galena failed to detect any silver
above the limits of detectionof the electronmicroorobe
(approximately0.02V0).

tPresent addrcs: Departrnentof Metallurgical Engineering,
University of Arizona, Tucson, Arizona 87521,U.S.A.

99

MgrHoo OF STUDY
The initial procedure used to determine
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Frc. l. Index map and geologicalmap of the Silverminedistrict (after Lowell & Gaspanini 1982).

homogeneity in the galena involved chemical etching in nitric acid, using techniquesdescribedby Scott
097A, followed by examination in oil and air using
reflected light. Thesetechniquesfailed to bring out
any cryptic phasesdespitethe large number of samples examined.
Unetched polished mounts were next examined
with an SM-LUX-POLLeitz microscopeby using
oil immersion, reflected light and magnifications of
500x and 1250x. At thesemagnifications,a number of minute but discreteparticles that had escaped
detection by conventional ore-microscopy became
visible. The particleswerephotographd, and the lar-

gest were qualitatively analyzed by electron
microprobe to confirm that they were not galena.
Becausemost ofthem are too fine for an acceptable
analysis by microprobe, the inclusions were then
examinedat magnificationsup to 12,500times in a
scanning-electronmicroscopeequippedwith a solidstate detector for energy-dispersionanalysis (SEMEDS) (Fie. 2). This procedureled to the identification of the individual grains basedon optical properties and chemistry, as describedin Gaspanini (1980)
and Lefebvre & GasParrini(1980).
Following these determinations and findings,
inclusion-free areaswithin the galenawere quantita-
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Frc. 2. Grains of tetrahedriteand mawsoniteas seenat the highestoptical-microscope
magnificationof 1250x (a), and at magnificationsof 1250x (b), 2500x (c) and
12,500x (d) in the SEM. The particlesappearto be alignedin a row and show
elongateshapessuggestingcoherentexsolution,perhapsalong a crystallographic
direction in the galena.Tetrahedriteis light grey, mawsonite,dark grey.

tively analyzedfor silver in the electronmicroprobe
by using wavelength-dispersiontechniques. This
study involved (i) a peaking of the spectrometerat
the silver Zo wavelengthon a standardof metallic
silver, and (ii) a comparisonof the counts emitted
at that wavelengthposition by a standardof silverfree galenawith the counts emitted by the galena
under study. The advantageof this techniqueover
the traditional one, in which the counts emitted by
the sampleare comparedwith those emitted by the
silver in a standard of known composition, lies in
the elimination of the need for a determinationof
the background; the average number of counts
obtained from the silver-freegalenais the silver background on the sampleunder study. Determination
of silver concentrationsin galenais a delicateoperation that may give erroneousresultsif not accurately
conducted,for severalreasonsincludingthe following: l) The shapeof the spectrumat the silver Zo
wavelength position, when using an ADP diffracting crystal, or other crystal with a similar rangeof
wavelengths,is such that it requires background
determinationson both sidesof the peak. If not performed accurately, such determinations may give
incorrect valuesinterpreted as peak counts. 2) Background values for silver in galenaare normally high
owing to the matrix effect causedby lead. Thesemay
be interpretedas silver peak counts.3) The M spectrum of the lead includespeaksemitting within the

energyrangeof the Z spectrumof the silver. These
peaksof lead may be interpretedas emitted by the
silver.
RssuLrs AND CoNCLUSIoNS
The combined ore microscope- SEM - microprobe study show that the galenacontains cryptic
inclusionsof two different minerals, argentiferous
tetrahedriteand a Cu-Fe-Sn-S mineral, very likely
mawsonite.The occurrenceof thesemineralsat the
Silverminelocality was first reportedby Gasparrini
& Lowell (1983).Tetrahedrite,(Cu,Ag,Fe)trSboS,r,
which forms the more common and larger of the two
typesofinclusion, occursas grainsthat vary in size
from a fraction of a micrometre (only seenwhen
usingthe higher SEM magnifications)up to several
micrometres(visibleunder optical microscopewith
magnificationslessthan 500x ). The grainsof tetrahedrite are round or smoothly elongateand occur
both as isolatedgrains and in groups. In the latter
case,the particles are aligned in rows and usually
show an elongateshape(Fig. 2). Both of thesefeatures suggestcoherent exsolution, perhaps along
crystallographicdirectionsin the galena'The determinalions of compositionof the tetrahedriteby the
SEM show very little arsenicand variable amounts
(up to 1590)of silver.
The Cu-Fe-Sn-S mineral, believed to be
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is much lessabundant than
mawsonite, Cu6Fe2SnSs,
the tetrahedrite(in a ratio of l:5 to 1:10)with which
it is usually associated.The two phasesoccur in compositegrains or in linear groups (Fig. 2). The averagesizeof the mawsoniteis I to 2 micrometres.Its
chemicalcompositionis constantand lacks detectable silver. In addition to the mawsonite,one grain
of stannite,Cu2FeSnSn,
20 micrometresin size,was
found attachedto silicate ganguein a galena concenrate.
The microprobe study showsthat no detectable
silver is presentin the inclusion-freeareas of the
galena(detectionlimits with wavelength-dispersion
spectrometry:approximately 0.02t/o).To confirm
this finding, six additional grainsof galenawerereanalyzedfor silver by Dr. Gunter Springer, at the
Falconbridgemicroprobelaboratory.Dr. Springer's
findings are in agreementwith the authors' conclusions.
Basedon the results of the electron-microprobe
analysesand on the presenceof silver in micrometre-scaleinclusionsof tetrahedrite,we conclude
that most, if not all, of the silver is hosted by discreteparticles of tetrahedrite and is not in solid solution in the galena.We think it likely that many samples of so-calledargentiferousgaleno would likewise
be discredited by studies based on ultrahighmagnification optical microscopy, SEM-EDS and
careful work by electronmicroprobe. Detection of
suchminute silver-bearingphasesby thesemethods
could be important in the extractivemetallurgy of
Ag-Pb ores.
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