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An Investigation of Argentiferous 

Galena Ores . 

Preface 

A. Review of Literature 
B. Present Work 

I. Methods Employed 

a. Preparation of Melts 
b. Thermal analysis 
c. Micrographical analysis 
d. Chemical analysis 
e. iJicroscopical examina tdlon 

II. Results Obtained 

a. Synthetic fuelts 
b. Natural ores 

C. Conclusions. 

The object of this investigation is to 
study the manner of the occurrance of silver in 

argentiferous galena. 
Finlayson~ states that "a considerable number of 
specimans of galena were examined from deep workings 

but in none of these could any silver or silver bear
ing mineral be identified by any etching reagent." 

1Finlayson, Ee. Gcol. Vol. 5, p. 727 
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A question here suggeats itself a.s to what mineral of 
silver may be expected to occur in galenas. If the 
silver ore is primary, end considering the genesis of 
galena deposits as being a precipitation of Pb, Ag, Cu 
and Fe from hot ascending magmatic waters, it seems that 
the sulphide , argentite, is the minera.l that cAuld be 
most reasonable expected to occur. FriedrichG has 
partially worked out the constitution diagram galena -
argentite and found the compositions between 2% galena 
and 2% argentite to consist of heterogeneous mixtures 
of practically pure galena and argentite. He gives the 
melting point of Pbs as 111400, Ag2S as 8350 0 and the 
eutectic composition as 77% Ag2S at 630 0 0. An evolution 
of heat, which becomes very weak toward the galena end 
of the diagram, was recorded at 175 0 0. There is no 
entectic structure under 5% Ag2S• No limits of solid 
solution are given. 

For the purpose of comparing argentite in the ores 
with a. mineral that was definitely known to be argentite, 
artificial melts were made of lead sUlphide and silver 
SUlphide. The lead sulphide was Wisconsin galena free 
from silver and other impurities and galena concentrates 
from tables. The latter had some silicious impurities 
as well as silver. The argentite was produced 
synthetically by boiling chemically pure silver foil in 
flower SUlphur. The silver was first weighed and boiled 
directly in a No.O graphite crucible for about 20 minutes. 
Then 40 gm. of galena was poured in on top, the excess S 
being allowed to remain. The crucible was covered with 
a tight fitting silicq cover and placed in an air-gas 
furnace of the G. Meker and Cie type, which had been 
previously heated to about 1200°0. About 15 minutes 
Vlere required for melting. Then the hot crucible a.nd melt 
Was transferred rapidly without pouring to a silica 
crucible, which had been heated previously on top of the 
furnace. A Cover was put on and in this manner the 
m~lts cooled slowly to room temperature in about 40 
IDlnutes. Some of the melts were chill cast in 
order to note the effect on the texture of the galena. 

2 Friedrich , Letall urg ie, Vol 4,p 479, 1907 

, 
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During the fusion of the ores. the excess sulphur came 
off as heavy fumes of' S02' but the atmosphere in the 
crucible was plainly reducing. small dots of S were 
discernable on the polished sections. These disappear
ed when the specimen was heated in a gas flame. 

A thermal analysis was commenced in order to study 
the constitution and to construct at least the lead 
rich end of the constitution diagram. when t he work of 
Friedrich I was discovered. The air-gas furnace was 
Used to makethe melts and the cooling curves were 
obtained with a platinum - platinum rhodium thermal 
couple and a Siemens and Halske millivoltmeter. The 
couple was cased in a silica tube closed at one end. 
Difficultie s were experienced due to the breaking of 
the quartz casing which allowed the gases to attack the 
elements. A base metal element of nickel and constantan 
wa s substituted. With the latter couple. an external 
resistance wa s needed on account of the high electro
motive force of this element. However this couple was 
also unsatisfactory as it could not withstand the high 
temperatures of the galena rich melts. 

Heat treatment for micrographical analysis was 
employed on a series of the artificial melts. ~ 
electric tube furnace of the Herous type with variable 
resistance was used. A temperature range of 1200 0 C was 
possible and the furnace could easily be kept constant. 
within 10 0 • at lower temperatures for two hours. The 
temperature readings were obtained with a platinum
platinum rhodium thermal couple and a Siemens and 
Halske millivoltmeter. The annealing was carried on for 
periods of 45 to 85 minutes. The specimen was in a 
thin layer of asbestos and bound with a wire. one end of 
Which protruded from the furnace. To guard against 
oxidation. the specimen was placed in a graphite crucible 
and lafge pieces of charcoal placed in the furnace on 
both sides. On quenching. the charcoal was removed. 
the specimen quickly pulled out by means of the wire 
and plunged into ive water at OOC. The quenching from 

I. 1oc. cit. p. Z 
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900 0 0 was complete in about 4 seconds. 
All of the ores were assayed for silver by the 

crucible method and checked by the scorification method. 
The results checked very closely and in each case the 
average was taken. The composition of the synthetic melts 
was calculated from the known weight of silver, 
calculated to argentite (87.06Ag), and from the knovm 
weight of galena taken. 

For microscopical examination, the specimen was 
ground down to a flat surface on a piece of coarse 
emery ·paper on a glass plate. This surface was further 
ground on successive grades of Hubert paper, starting 
with the coarsest, No.2, and turning the sp·ecimen thru 
90 0 for each succeeding paper finishing with No.OOO. 
During the polishing. the rouge was lightly applied. 
oth erVlise it completely filled the cracks, leavine 
considerable iron oxide which was attacked by the acid 
on etching. The oxide marred the etch and required a 
lone wash to remove. After washing, the specimens were 
rinsed in alcohol and wiped dry. After trying iodine. 
hydrochloric acid, nicnc acid and nitric acid, the latter 
was found to be the only etching reagent that could be 
used successfully to develope the structure. Cold 
concentrated acid was used for the natural ores and 
warm 50% acid for the melts. This distinction was 
nece s sary as the melts etched very slowly in cold 
concentrated acid. The acid oxidized the galena 
surface' dark. leaving the argentite light. 

Two microscopes were used, a small Campbell-Leitz 
and a Guertler-Leitz of the LeChatelier type. The first 
was used for preliminary examination at low magnifications 
(52 to 284 ) with both oblique and vertical illumination. 
The second was used for final examination at high 
magnification (64 to 1500) using oil immersion lenses. 

l~ icrophotographs were taken with the Guertler-Leitz 
microscope camera. Seed's Process plates were used 
with the ordinary Eastn~n pyro developer and hypo fixing 
bath. A blue glass light filter was used which fixed 
the proper time of exposure as 15 and 20 seconds for 
h igh al1 d low power respectively. 
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The results obtained from this investigation 
are listed below. Fig. I gives the melts and their 
composition, together with the numbers of the 
microphotographs. illustratipg the structure and 
appearance of galena and argentite. 

Melts Composition Illustration 
1 PbS 99.38, Ag~S .62 Plate A Fig. 1 and 2 
2 II 98.86 1.14 II A " 3 and 4 
3 If 98.30 II 1.70 II B II 5 and 6. 
4 .. 97.21 II 2.79 " B tt 7 and 8 

Fig. I 

The argentite is the white constituent and appears as a 
circular or irregular mass and generally has a hollow 
center. Argentite may be easily distinguished from the 
other white sulphides and galena. by determining the 
relative hardness by means of a fine cambric needle. 
Evidence of a ~tectic for these compositions was not 
found. The argentite rr~y be coated dark on long deep 
etching when it is necessary to repolish slightly on a 
chamois skin before it can again be readily different
iated. However, the latter is not very satisfactory, it 
being better to repolish on the rouge wheel and re-etch 
to the proper depth. The dark areas in the pictures are 
pits. The galena, which is silvery and brightly metall
ic before etching, takes on a dark gray or brown film, 
which, if the etch is light, can readily be removed by 
polishing on a chamois skin. A polyganal structure of 
galena was obtained from three of the ores on etching 
(Figs. 17, 18 and 19, plate E). In Figs. 17 and 18, 
the lenses did not allow sufficiently sharp definition 
to ~istinguish any inter grain filling. However, in 
Fig. 19, the argentite, while not appearing as a 
continuous filling, outlines the galena very suggestive
ly into polyganal areas and the filling can be very 
plainly traced to the large argentite segregate in the 
center of the figure. 

,..1 



Pla.te A 

19ur 1. x 140 Remelted galena containing 

.6 I Ag2S 99.38, Pbs. 

2. x 1000 Same as F ure L 

]igur 3. x 18 Remelted gal na oontaining 

28. 98.86 Ph. 

r 4 x 580 S e s 3 



Plnte A. 

Fi ure 1 Figure 2 

Fi ure 3 1 r 



Plate B 

Figure 5 x 78 Remelted galena 

containing 1.7070 Ag2S , 98.30~o PbS. 

Figure 6 x 580 Same as Figure 5 

Figure 7 x 79 Remelted galena 

containing 2.791, Ag28, 97.21% PbS. 

Figure 8 x 580 Same as Figure 7 



Plate B. 

Figure 5 Fi gure 6 

Figure 7 ' i gure 8 
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From the argentite segregations it would seem that the 
limit of solid solution at ordinary temperatures is 
inside of .6%. Later, in the discussion of the 
natural ores, it is shown that this runs to at least 
.2% Ag2S• To ascertain the limits of solid solution 
And the structure of the argentite at higher temperature 
melts 1, 2 and 3 were annealed and quenched from 
temperatures as indicated in Fig . 2. In no case was 

1000 

800 

600 

400 

200 

• 

• 

• 

I 

• 

o I 
.62 1.14 1.70 r~g2S 

Fig. 2 

there any evidence of solid solutions and all above 
800 0 C showed evidences of having been in the partly 
liquid zone. In no case did the melt take any impurity 
from the graphite crucible. The quenched galena was , as 
a whole, coarsely crystalline with small areas of a finer 
texture. The argentite showed a prevailing ring or 
doughnut structure, which was in many cases elongated 
as in the slo ly cooled specimens. rlate D, Fig . 16 
shows the eutectic structure of a slowly cooled remelted 
galena concentrate. The round grey mineral in the 
eutectic is a silicate impurity in the concentrate. 

The natural ores examined are represented in 
Fig . 3 
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No. Place Impurities oz.Ag %Ag2S 

100 

101 

102 

103 

104 

105 

106 

107 

Inyo Co. California pyrite, sphalerite, 176.80 .69 
gangue, chalcopyrite 

Eureka Dist., Nev. pyrite, gangue 200.40 .78 

ILendota Mine, George- sphalerite, quartz 95.20 .367 

town , Colorac.o pyrite 

Comet If ine, Jef~erBon pyrite, gangue 51.80 .195 

Co., I10ntana 

Cleer Creek, Colorado pyrite, quartz 22.40 .08 

Ten Mile District, quartz,sPhalente, 63.94 .253 

Montana pyrite 

Cuevas Alemrra, Spain pyrite, gangue 101.04 .392 

Idaho Springs, Colo. sphalerite, 31.72 .12 
quartz, pyrite 

Figure ;; 

Plates C and D, figs. 9, 10, 11, 12, 13, 14 and 15, and 
plate E, fig, 19, illustrate the occurrance of argentite 
in native ores. In figs. 9 and 10, the argentite 
otcure in and near the fissures in the ore and is there
fore believed to be secondary where the galena ~aB been 
replaced by a secondary mineral. This replacement or 
oxidation appears to have been preceeded by an intense 
shattering of the ore. The argentite occurs at the 
contact of the alteration and in the fissures and has 
evidently been introduced at a lated period. ~ome 
argentite also occurs in the galena a ay from fissures 
and may be primary. However , a section at 90 0 to the 
one shown may disclose the Ag2S as connected to a 
fissure, and thus show an entire secondary origin. 
b'ig . 12 shol s argentite. Compared with the synthetic 



Plate C 

Figure 9 x 78 Ore from Eureka, Nevada. 

Sho galena replaced by secondary mineral ~nd 

s condary and pOBoibly primary argentite .• 78% Ag2s 

Figure 10 x 78 

Fig re 11 x 78 

G orgeto I Colo. 

1 ur 12 x 1000 

nt a. 

arne as Figure 9 

Ore from endota ine, 

. 367 

Or from Ten ile District, 

• 53 25 



Plate C. 

F1gur 9 i ure 10 

1 Llr 1 ig re 12 



Plate D 

Figure 13 x 140 Ore from the Comet ine, 

JefferDon Co., ontana •• l 5~ Ag2S, 

igur 14 x 1000 

ieur 15 x 78 

ho a probabl 

2S 

r 16 x 130 

Same ae Figure 13 

Ore from Idaho Springe, Colo. 

oondary occurrance of AS2S 

Gal na conc Itrat melt. 

Sho e th ut ctic he angue 1 

n 1.purit 1 t e conc tr t • 



Pl t D. 

i ur ur 1 

~r 1 16 



Plate E 

F re 17 x 1000 Ore from 1 endota ine, 

Geor etown,Colorado • Sho B a possible 

argentite fil ing be tween galenn grains. 

i ure 18 x 140 Ore from Comet • ine 

J fferson Co., ontana. 

Same as _ i gure 11 

Fi re 19 )( 1000 Ore from Cuevas A~ eria 

Spain. The 

1 Jainl 
argentite discerna le in this ore 

a noly nel r in fillin m nating 

flO an argentite segregation. .392 Argentite 



Plate E. 

Figure 17 i gure 18 

Figure 19 
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m Its (Plate B, Fig.S) a similarity is readily noted. 
The rounded form of argentite is very characteristic of 
all the melts, altho the irregular structur is not at 
all uncommon. (Fi .8, Pl£te B) Fig.ll, PlateC, s 0 s 
the occurrance of argentite in a medium grade ore. The 
picture does not give an idea of the average slIver 
content of this ore as it represents a segregated area. 
The dark areas show the cubic cleavage of galena. They 
are pits, gauged out in the polishin6. ig.13 shows 
a smal group of argentite in a coarsely crystalline 
galena. The same, under higher ma~nification, is 
seen in Pi .14. No def~nite'forms of argentite are 
found, due to indered crystal gro th, in an of these 
ores. The pyrite on the left sho s cubic crystalliza
tion. A nit is noted in the center of one of tho 
argentite-masses, which corresponds to the structure 
of the melts . Fig.16 illustrates a probable secondary 
or later occurrance of argentite. This also represents 
a segregation 01 argentite. The galena. and Bphale~'te 
are here apparently oi' conte poraneous origin. They 
have been shattered and a solution carrying C~, Fe and 
Au has entered, depositi g argentite and chalcopyrite. 
he occurrance of argentite in the chalcopyrit and 

the s arp boundaries are note orth as is the doug ut 
structure of the argentite i. t e galena . No argentite 
was found in t e examination of t e sections of ore, 
£0 . 104, altho t e assays s ow silver. As ore lo.104 
cont i s only 22 .4 oz per ton (. 8, Ag2S) of silver, it 
may be inferred that AS2S nd Pbs are fiere in solid 
solut~on or that t e surface polished is one free 
fro any argentite. 

rom thio investi ation, t e folIo itg 
conclusions y be drawn: 

1. That sily r occurs a argentite i orne pri ry 
and in some secondary argentiferous galena ores. 

2. That the lim1t of solid solutions at atmosp eric 
temperatureo is belo .2% A82 and below .0/ Ag2S at 00 0 
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to Boooe. 

3. That the entectic is not recognized in 
concentrations as low as 2.70% Ag2S. 

This problem was outlined by Messrs . Hoyt and 
Emmons and the material for the investigation was 
obtained thru the courtesy of Mr . G. P. Merrill ,of the 
Smithsonian Inst~tution. The laboratory work was done 
under the direction of Mr . Hoyt in the metallographic 
laboratory of the Minnesota School of Mines. 


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022

