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OHAPTER I. 

ORE DEPOSITS. 

The preceding chapters have been devoted almo t exclusively to the 
on ideration of the geological tructure of the di trict. This subject has 

been treated at con iderable length, not onl · becau e it pre ent many facts 
which eemed of sufficient· int r t to g ologi t in gen ral to ju tify uch 
tr atment, but al o be au e a thorough knowledge of the geological struct­
ure of a region i an e ential and indi pen able ba i for the study of its 
ore d po it ; a fact· which i too often lo t ight of by tho e practically 
engao- d in mmmg. For a time the miuer may develop hi" mine success­
fu lly by imply following th ore 1 ad, o-uided by the empirical rule which 
xperien e has taught him, and without regard to the geological phenom ena 

pr ent d by the country ro k , their tructural condition , or the probable 

orio-in and manner of formation of the depo its; but the time i sure to 
om wh n without tbi knowledo-e he will be liable to make mi takes 

wbi h may cost him more tl1an he ha gained by all hi previous labor . 
Before proceeding to a d tailed de cription of the various ore dep·osits 

of th region studied in the our e of thi inve tigation, it may aid the 
reader to have a. bri f re nme of th ir prin cipal characterL tic a.nd a con­
i e stat ment of the conclu ion whi h have b en arrived at with regard 

to th ir origin and mann r of formation. 

CLAS IFICATlON. 

To a s ientifi c de ription of natural object the mo t valuable aid 
1. a rational and uni v r ally a c pt d ystem of cla ification. The first 
ob tacle one encounter in attempting the de cription of ore depo it IS 
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the absence of such a cla ification. '"fh object of a yst m of la ifi a­
tion is not only to afford n. means of av iding l ng and r p at d ircum­
locutious in description , but ah<o to furni -h a com1 r h n iv vi w of the 
mutual relations of the cla e of ph nom na to which it i appli d. uch 

stems must ne e arily change from tim to tin: a the i ntific tudies 

of the phenomena progre ' and kno' ledg with r gard to th m b omes 
more accurate and thorough. Th un ati fa tory tat of e ·i ting la ·'in­
cation of ore depo it i dne in large degre to an imper£ t 1m wledo·e of 

the ubject on the part of tho e wb haY made them, but in part al o to 
their being made from a fal e tandpoint. 

As the study of geology prang originall from the empiri al ob rYa­
tions of those engaged in mining for the u eful m tal·, o the fir t ' t ms 
of da ification of ore depo its were ba d n di tin ti n and hara ·t r­
i tics establi heel b) the min r them el in their daily w rk, and, a in 

carrying on thi work the outward form of the depo it wa tb mo t e n­
tial characteristic, thi naturally formed the ba i of th ir la ification . 

But while general geology has made relatively more rapid progr than the 
stud) of ore depo its, which, being a matter of practical and economi im­
portance, bas seemed to many to belong to a lower sphere of cientifi inv -
tigation than purely tL 01·etical que'tion , the preval nt cla ifi ation till 
hold largely to the original basis of the practical miner. The form of a. 

deposit might well con titute the ba i of a cla ification, if it con 'titut d 
an essential charact.eri tic thereof, and if there were certain regular forms 
that belonged exclusively to particular cia ·e of depo it , whi h had a. 
necessary connection with the urn of their other characteristic . T'hi is 
so far from being theca e, however, that not only is no one form confined 
to any particula-r cla of deposit, but the same class of deposit, that i , 

one which has undoubtedly the . arne origin and maniJ.er of formation, may 
have a great variety of different forms, as i the ca e with those about to 

be de cribed. 
That the scientific study of ore deposits ha not kept pace '"ith the 

advance in ot~er branches of gaology is due in great part no doubt to the 
inherent difficulty of the subject, but also in a measure to n. want of scien-
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tific zeal or knowledge on the part of those who are practically engaged in 

mmmg. The phenomena to be inve tigated mu t be tudied in t.he under­

ground workings of mines, in which not only is a very small area open to 

observation as compared with the surface phenomena on which other geo­

logical reasonings are mainly based, but they are not in their nature a 

permanent as are the latter and oon become obscured by decay or entirely 

inaccessible. But, while the attainable fact are thus r latively meager, 

they have not all been made available to the student, for the reason tbat 

tho e practically engaged in mining are too often content with noting tho e 

alone which have an immediate practical bearing, and have neglected to 

put on record tho e of merely theoretical interest, which, nevertheles , if 

carefully ob erved, might afford a ba -i for scientific gene-ralizations of great 
e nomic importance. 

We can only hope to ani·ve at a ati factory and rational classification, 

whi h hall be founded e entially on genetic principles, when our knowl­

edge of ore depo. it hall be va tly incr a ed by the accumulation of a 

great number of cientific observation , based on orrect geological tudies, 

and toward this ac umulation we mu t look to those practically conducting 

rum for a mo t e entia} eontribution, in they alone han~ the opportu­

nit of daily ob ervation of the con tantly hanging phenom na whieh ore 

depo it pr · nt. Meanwhil it may be of u e to review orne of the more 

prominent ') tern f ela ification propo ed by modern writ l" upon ore 

deposit , and to con ider their relative applicability to the important cla 

of d po it under con ideration. 

the German were the fir t to write upon mines and ore d po it 
and th elas ifications adopted by other nation have been to a greater or le s 
d gree founded upon t.heir work, th(j) fir t place will be given to a mention 

of those mo t current in G rmany at the present day. 'l'he original edition 

of B. von Cotta's treati e upon ore depo it appeared in 1 53, and ha not 

been e sentially changed in the later edition here quoted. The next cla. ~i­

fication quoted is that of Dr. Job. Grimm, profes or of the School of 1ine~ 

in Pr·ibram, Bohem ia. The third i that given ir} hi cour e on m~ning at 

the chool of fines of Berlin, by Professor H. Lottner, and published hy hi 
l\10 XII--24 
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succe sor, Professor A. Serlo. The la t, that of Dr. A. von Grodde k, of the 
School of .:\Jines at Clan thai, in the H:ntz. 

I 

Von Cotta.' 

I . D rpos<IB of regular form. 

1. B ells. 

G.rimm.2 ri<>-Lottner.• 

l . Di&seminationsor impreg· J. Jncloull or undergrou11d 
natio11s (deposits form · deposits. 

Von Groddeck.• 

I . Original or primary de- l 

porits. I 
ing an es eniinl cons! it· 1. httl (regulnr-shnp d)dt- A. 0011tempora11eouatoith 

b. Placer deposits. nent of the country polils. cotmlnJ rock. 
a. n ds of oro, coal, etc. 

2 Veins. I r~c.k ) . . . a. Veins. 1. Deposits in stro ti fled I 
a. Transverse or ordinary 1. Ongtnal tm pregnatums. b. Beils. rocks. 

,-elns. I ~- Secondary impregnati.o11s. 2. Mass (irre~:ular-shnpe<l) 2. D epo&lts In ernpti\"~ \ 

b. Bedtlcd ..-eins. n. Distinct ore deposits dq>o1its. rocks. 1 

c. Contact ..-eins. (forming an acces orr a. tocks. 
d. Lenticular ""eins. constitnentofthecoun- b. tock work . 

ll. Later thancOtmtryrocl.:. 

3. Deposits filling pre-exist· 
II. D eposi ts of irregular I try rock). 3. Othe•· irregularly-shaped. 1 ing rtwiti . 

f ol'm. 1. s:. eet (r gulnr-sbnped) dq>osits (pock 18• kid- ~ a. Veins or lodes. 
1. locks (sharply defin r d I 111Q88f8. n r•. ·c.). b. CnY fillings. 

bodies.) a. Redd d- ( edimentar,\· ) l u. upe•jicial dfposits. 4• Metnmorphi (or metaso· 

a. tock works. deposits. 4. Depo iu of debris (plac· matic) deposits. I 
b. Contnct locks. b. Veins; cr \"ice deposits: er ). 
c. Ca"" fillings. !ringers (filling n11en j _ 
d.. and •· · Pock~ts, kidney· fi ures). 0

• 

hoped deposits (Butz . c. b ot..shnp d eg rega. 
en, Rach len, Ta chen, lions. 
~ ester, RiDner, Nie­
ren).' 

2. tockl and irregularly 
shaped depo1i18. 

II. econdar11 or detrital de- , 
urfa~e ~lcpo,sits in place I po1il1. 
(bo;;·Ote, &c.). 

-----

1

2. Imprtgnations (bodies 
not sharply c1 fined). 

a. lndependeutimpregna. 

a. Bedded (s dimentary) 
d~po its. 

b. Stocks (Butzen, X~ster , 

etc.), filli ng pro·e~ist­
in(1' ca\"ities. 

'Die Lchre von <leu Erzlagerstiitten . Freiberg, 1859. 
• Die Lager fatt en der nutzbar n Minoralien. Prag, 

1 69. 
1 !ions. 

b. D pendent impregna· 
tions (connected with 

I other deposit ). 

I •untranslatable min e r's 

I terms. 

c. tock works (reticulat­
ed ..-eins). 

'Ber~tbanknndo. Berlin, 1878. 
4 Die Lchre von den Lagerstiitten der Erze. Leipzig, 

18i9. 

Von Cotta' classification i founded excl n ively on the form of the 

depo it and recognizes no genetic principle as a ba is of cla sification. 

uch e'~entially opposed deposits as coal bed and placer depo ·its, 

Thu, 
on the 

one hand, and mineral veins and contact deposit , on the other, are put 
under one general heading; while cave-filling , pockets, etc., which may b 
merely offshoots from a vein or contact deposit, come under a di tinct main 

head. 
Grimm's clas ification is al o mainly founded on t.he outward form of 

the depo it, but he admits a few minor genetical li tinction , such as sep-
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arating bedded depo it of edimentary orig in from those which were form ed 

la.ter than the inclo ing rocks. Lattner also ba es his clas ification on out­

ward form alone, but di tinguishes econdary from original deposits. Von 

Groddeck lays mueh more stress on genetic di tinctions, and not only 

brings in each of those recognized by the two previou ly named, but admit 

the exi tence of ore depo it of later ·formati on than the country rock which 

do not nece sarily fill pre-exi ting cavities or fi · ures. 

F. Po"epny,t profe or at r ibram, who ha mad an exten ive tudy 

of ore lepo -it , including many of tho, e of the United States, propo es an 

even more radically genetic ubdivi ion of metalliferou deposit into (1) 

depo ·its in pre-existing cavitie and (2) tho e formed by O'radual r pla e­

ment of the rock sub tances by the vein material or min ral, the fir t cla ' 
b in rr further ubdivid d into tho :filling avitie formed in a rnechani al 

way, or cl' location paces, and thove formed by eorro ive action in soluble 

rock, or OJTO ive :pac , which would corre, pond in general, though not 

n aril in all ca , to the eli tinction of Grimm and Groddeck of the 

:fi m e-filling and a e-filling . 

In ord r that a la i:ficati n hould :find g·eneral acceptation amonO' 

mining men, it i e entia], mor over, that it hould be simple, conci e, and: 

of ea y c mpr ben ion, qualification whi ch the fir~ t two of the abo ' e· 

y t m rtainly cl not po e . T hu · in thi countr) , where mining: 

ology ha £ und it principal di cu ion in court of l a.w~ in ' hich Prime' · 

tran lation of von Cotta ha been O'enerally ace pte 1 a authority, ore 

d p it of primary ri g·in (leaving pl acers out of con ideration) are practi­

call y divided into true fi ure v in and cl epo it which are not true :fi.s ure 

v in , the latt r cla being omewhat loo el ' ubdi ided into contact 

d po it~ , blanket depo it , and rake, pipe, and ga h vein . 

The term ' blanket depo it" i probably derived from the manta of the 

Spani h miner , a term which in Mexi o and outh America de ignate the 

ri che t and most pro luctiv ore bodies, but in the United State i apt to 

be applied in rather a derogatory ense to any horizontal beet of ore. The 

la t terms are derived from local u age in the lead regions of the north of 

1 Arcbiv fiir prnkti cbe Geologic, p. 600. Wien, 1 0. 
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England, and their general application is pf very doubtful advi ability, 
since authorities differ as to their exact definition. The term "ga h vein" 
is the only one recognized in the classifications given below, and i there 
applied to a fi ure which i confined to a particular rock or bed and which 
does not extend into the adjoining rock. . 

The English literature of ore depo it i even more meag r than the 
German. Of general treati es on thi ubject, the mor prominent in this 
country are J. D. Whitney Metallic W alth of the United tate , pub­
lished in 1854; an article by R. W. Ra rnond, in hi Mining tatistic for 
1869; and an admirable but little known paper on ore depo its, in John­
son's Cyclopredia, by R. Pumpell T . J. S. N ewberr ha al o publi 'bed an 
article on the origin and cla ificat.ion of ore deposits in the School of Mines 
Quarterly for March, 1880. In England, J. Arthur Phillip publi hed in 
1884 an extended treatise on ore deposit . Of the cla ification proposed 
by the above author , tho e of New berry and Phlllip are nearly identi al 
with that of Whitney and Ra wond's i avowedl an adaptation of Lottn r, 
the difference in ·either case being une ential for the purpo es of the pr -
ent discus ion. Those of Whitney and Pumpelly alone are therefore given 
here, and to them i added that given by A. Geikie in his Text Book on 
Geology (London, 1882), mainly because of the different standp int fr m 
which it is made.1 

' Prof. J oseph LeConte ha ·also published an article on the Genesis of Ore Deposits, in the Amer-
ican Journal of cience fer July, 1 , in which n Bllbdivrsion into (1) fi ure v ins, (2)incipi nt fi 1o1r , 

(3 ) brecciated vein , (4) substitution nin , (5) contact vein , (6) irr gula.r oro depo it , i · given. 
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J.D. Whitney. 

I . S uperficial . 

ll. Stratified. 

a. Constitutin g th e ma•s 
of a bed or stratified 
d posit. 

b. Dissemina ted through 
sedimentary beds. 

c. Origi n ally depositO<\ 
from aqueous solution, 
but since m et lt m or­
p bosed. 

ill. Umtratifi.td. 

a. Mas s of erup t ive 
oriJZio. 

~ b. Dis eminnteu in ern p-

~ 
.:l 

th·e rocks. 
c. tock work deposits . 
a. Contact depo its. 

l e. Fahlbands. 
~ {f. egregated ,-cins. 
~ g. Gosh ..-eins. 
~ h. True or fl6snro vcine. 

R. Pnmpclly. 

I . S urf ace deposits. 

1. R esiduary depo it . 

2. t rcam deposits. 

3. Lake and bog depo its. 

ll. Form.s due to tilt texture 
of the illclosing rock or 
to i ts mineral r.oi>StiltL· 
tio», or to both. 

1. D iBBeminated. concen tra-
tiona. 

a. Impregnations. 
b. F ahlba uds . 

works). 
d. Contact deposit• . 

ill. Form.sd.tteehiejf.y topre­
txilting oat>ities or open 
fi.BI UT<I. 

1. Ca..-e deposits. 

2. Gash ..-ei ne. 

3. Fis nre ..-eins. 

A. G ikle. I 
I . OonttmporantOtts o re~ of I 

stratified. rocks. 

n . Contemporaneous ores of I 
crystalline rocks. 

1 

III. ubstgutntlyilltrocluced I 
ores . 

I. Mineral ..-eius or lodes. 

2. Stocks and stotk works 
(inclndin tJ: gash ..-eins). 
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11 f the above are an ad vance upon von Cotta in that form is not in all 
the x lu iv ba i, of cia ification. Whitn ey' fir t two ubdtvi ions 

are di tin tly g n ti , but the third, whieh embrace the majority of metal­
liferou depo. it , i an un y tematic grouping of a variety of forms having 

only one common quality, that of ·not bein~ stratified . Whitne recog­

ni ze a geneti c quality in his divi ion a, that of being of eruptive origin, but 
£ w geologist of the present day agree with hi wide application of thi 

quality -for in tan e, to the great depo -it of magnetic iron of Mi souri and 
Lake uperior. In his " egregated veins" he recognizes the possibili ty 
of an un tratified depo it which is not the filling of a pre-exi ting cavity, 
while no such recognition i found in Geikie' cia sification. eikie' term 

" , ub eqnently introduced ore , ' on the other hand, is to be preferred to 
" unstrat.ifie l deposit ," as being based on a more e ential characteristic 
of the depo it. This would involve, however, a definite tatement as to 
the age of Whitney's Cia ses III, a and b, which hi general term avoids. 
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Pnmpelly cla sification ignore th divi.ion of stratified or contum­
poraneous ore depo its, and in hi t xt he state his belief that th greater 
number of ore depo its have be n formed later than the inclo ing rock ; 
he al Q say that all metalliferou ' aggregations are the re ·ult of a proce 
o~· eries of proce e of concenh·ation. 

Povepny tate hi opinion on contemporaneous depo it 
strongly in the following word : 1 

more 

In the cour e of my nearl twenty- ear studie of ore d po it I hav yet· met 
with no depo its (carrying ulpllide ) which an wer to Weruer' defini tion -that is, 
who e ores are contemporaneou with the country rock and which fo1·m a regular 
inter tratified bed between other rock strata. 

Like Posepn;f, Pumpelly recognize th importance of d po its which 
do not fill pre-exi ting cavitie , d voting to the e his ubdivi ion I and II. 
The e he ay fall und r two bead , a re ard the manner in which the 
space occupied by them wa obtain d: (1) by mechanical eli placement of 
the inclo ing material · (2) by a chemical replacement imilar to that to 
which p endomorph owe their origin. Hi u e of the form a a ba i of 
subdivision for depo it filling pre-exiting cavitie seem, more leD"itimate 
than in the ca e of those which hi title seem to imply are m rely on n­
tration of metallic mineral already exi ting in the rock, and the u · of 
the word "concentration," as applied exclu ively to the latter cla se , e 
unfortunate, a implying that the other are not concentration al o. 

Geikie's clas ification ha the merit of conci ene s and hi prin ir al 
clivi ion are based on genetic principles, but his subdiv1 ions, like tho e f 
von Cotta, recognize only difference of outward form. 

In view of the difficulty, or even, in many cases, the apparent impo. 1-

bility, of determining definitely the gene -i of a given deposit, it may w 11 
be questioned how far it is advisable to adopt genetic relations a the ba -i 
of a classification, since it will frequently happen that an observer will be 
at a loss to determine under which subdivision the deposit he is stud ing 
should be placed. It seems to the writer, however, that in such a ca e, 
although his determination may not be final and may give rise to eli cu ion 
and difference oi opinion on the part of other observers in the same fi ld, 

1 Op. cit;., ~· 423. 
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he will be led by this very fact to make a more thorough and searching 

examination than if he were only required to define the d po it in que tion 
according to it outward form. 

A regard the applicability of the foregoing cla sification to the Lead­

ville deposits, it will be seen from a perusal of the following page . that no 

one of the subdivision proposed would adequately define them; either 

they would apply only to a limited portion of the deposit or else tb ) 

would include th m under the same head with depo its of an e entiall 
different character. 

Of von Cotta's, Lottner' , and Whitney's subdivision , several would be 

applicable; tLu , a large part of the deposits are contact deposit ; other 

part , however, not being at the contact of two different rock , would be 

sto ·k when large and pocket , chamber , etc., when mall. The arne remark 

would apply to Pumpelly' ubdivi ion of hi · Cia s II, 2. On the other 
hand his definition of ga h vein , as filling open fi. ure , would not apply 

to tho e of thi reo-ion. The depo it . would come under only a single head 

of Gri mm' , Geikie' , and von Groddeck cla ification . By the two for­

mer thEl would be cla d under the general head of stocks, which really 

d fin nothing ex ept that they are of irregular hape and large. Finally, 

von Groddeck' term "metamorphic," or ' metasomatic," applies to all the 

Leadville depo it and defin one mo t es ential characteri ti ; without 

orne modification, however, it would apply equally 'Yell to a large por­

tion of the Rocky Mountain depo its in Archean rocks, '~ hich have been pre­

viou ·ly onsidered to be "true fi ure veins." 

LEADVILLE DEPOSITS. 

Manner of occurrence.-By fm: the most important of the ore of Lead ville 

and vicinity, both in quantity and in quality, occur in the blue-gray dolo-

mitic lime tone of the Lower Carboniferou formation, hence known a the / 

Blue or ore-bearing Limestone, and at or near it contact with the OYer-

lyi;g sheet of porphyry, which is generally the White or Leadville Por-

phyry. They thu., constitute a sort of contact sheet, whose upper surface, 

15emg formed by the base of the porphyry sheet, i comparatively regular 

·and well defined, while the lower surface is ill-defined and irregular, there 

being a gradual transition from ore into unaltered lime tone, the former 
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extending to varying depth from the mfac , and even occupying at times 
the entire thicknes of the Blue Lime tone formation . Thi may be re­
garded as the typical form of the Lead vill depo it ; there are, however, 
variations from it, and al o in the character of the inclo ing ro k, which do 

not nece arily involve an differ nee in origin or mode of formation. A 

variation in form the ore ometime occur in irregularly-shaped bodie , 
or in transverse beet not alway dire tl T conn cted with the upper or 

contact smface of the ore-bearing bed or rock ; it al 0 occnr at or near the 

contact of he t of Gray or other porph rie with th Blue Lime tone, and 
les frequently in edimentary bed , both alcar ou and iliciou , and in 

porph; ry bodie ·, ometimes on or n ar contact urface , ometime along 
joint or fault plane . 

Composition.-The pi·evailing and by far the mo t important ore, from 
an economical point of view, i a r rr ntiferou gal nn., with its s ondary 
product ' , ceru. ite or carbonate of lead and cerarO'y rit or chlorid of ih·er. 

Lead i also fonnd a anO'lesite or ulphate, a pyromoq hite or chl r -

pho phate, and occasionally a oxide in the form of litharge or m rc rar ly 
of minium. 

Silver frequently occurs as chloro-bromide, le frequently a hl r -

iodide, and very rarely in the native state. Chemical inve tigati n ha' 
failed to detect sufficient regularity in the proportion of chlorine, bromine, 

and iodine, combined with the silver, to ju tify the determination of li tinct 
mineral species. 

A frequent alteration product of mixed pyrite and galen.a, which urs 
in considerable quantity, associated with the ore bodie , is generally all d 
" basic ferric sulphate." It is an ocherou -looking ubstance of somewhat 
uniform outward appearance, but of varying composition, being mainly a 
mixture of j arosite, or yellow vitriol, and hydrated ba ic ferric sulphat , 
with more or less anglesite and pyromorphite. 

Gold occurs in the native tate, generally in extremely small flakes or 
le::tflet . It is also said to have been found in the filiform state in galena. 

As accessory minerals are : . 
Zinc blende and silicate of zinc or calamine. 
Arsenic, probably as sulphide, and a arseniate of iron. 
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Antimony, probably as sulphide. 
Molybdenwn, in the form of molybdate of lead or wult nite. 
Copper, as carbonate or silicate. 
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Bismuth, as sulphide and its secondary product, a ulpho-carbonate. 
Vanadium, as dechenite or the vanadate of lead and zinc. 
'I in, indium, and cadmium have been detected in furnaee products. -
Iron oceurs a. an ore, though in the Leadville depo it in general it con-

stitutes an e eential part of the gangue or matrix in which the valuable ore 
is found. In the former ca e it occur in con iderable bodies a pyrite or 
sulphide and a anhydron oxide or r d hematite with a little magn tite. 

Gangue.-The other components of the ore depo it , which may b con­
idered a gangue, although thi term i. perhap more tl·ictly applicable to 

non-metallic mineral , ar : 
Sili a, either a chert or a a granult~r avemous quartz, R.nd hemi -

ally or mechanically combined with hj drou oxide of iron and mangane e. 
great vari ty of clay or hydrou , ilicate of alumina, generally 

very impure and barged with oxide of irou and mangane e, the extreme 

of purit being white normal kaolin, containing at times ulphuric acid in 
appreciable amount. 

ulphate of baryta or heavy par. 
arbonate of iron, p) rite, and ulphate of lim are comparatively rare 

in the depo its of Leadville it elf. 
The miner' term, Chinese talc, has been retained for a substance 

wbi h i found with singular per i tence along the main ore channel, or at 
the dividino· plane between White Porphyry and underlying limestone or 
vein material, and al o at time within the body of the depo it. It is com­
po ed of ilicate and a var ing· amount of ulphate of alumina, to which 
no definite compo ition can be a igned. It is compact, emi-translucent, 

generally white, and so soft a to be easily cut by the finger-nail. It is 

very hygro copic; harden and becomes opaque on expo ure to the air. 
Distribution.-With regard to the di tribution of the above ore· the prin­

cipal generalization to be made ar : 
I . That the main mas of at·gentifm·otts lead rwes is found in calcareo·ma.gnesian beds. 

II. That ores containing gold and copper m·e ?IW?'e frequently found. in siliaious beds, 
in porphyrie , or in cry talline 1·ocks. · 
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These a sociation have already been remark d in oth r mining dis­

tricts. 
Secondary a!teration.-Here, as elsewhere, th or found near the smface 

are mostly oxjdized or chl ridized ore , and tho e farth r r mov d from it, 

or comparati' ely unexpo ed to the dir ct acti n of urfac water , are 
mostly sulphide . It may be ob en·ed, moreov r that th zone of ec­

ondar deposition, or that in whi h oxidiz d or pr dominat over sul­

phide , varie in the depth to which it extend with the r latiY altitude of 
the depo it; or that in higher altitude , where urface water are imprisoned 

b) fro t during a larger portion of the year the proportion of econdary 
product is le . 

There is a contra t in thi re ·pect, howe' er, between th d po its of 
Lead ville and those of the more arid region of th Gr at Ba in. In the 
latter the urfa e zon , or z n of xidation, i g n rall) mor harply 
defined and extend down to what i known a; the water level. Thi. c n­

tra t i · more apparent than real, for th zone of oxidation i th re dr ·, b -
cau c of the limited atmo pheri precipitation and in LeadYille g u rall) 

wet, partly becau e of the relatively gr at precipitati n and partly b au 
of the peculiar geological po ition of the depo it , which render th m mor 
acce ible to surface water . The alteration of the ore depo it · i produced, 
not by the wate: alone, but by the atmo pheric aaent which it bring fr m 

the surface with it ; wherea in the ca e of depo it belo'v the wat r level 
the water which reache them, not coming directly from the urfa , but 
through a relatively long underground pa sage. has during that 1 a ' ·age 
been deprived of the e active agents of oxidation or neutralized. 

Mode of formation.-] rom the pre ent investigation it ha b n a um d, 

with regard to the mode of formation of these depo it : 

. I. That they u:et·e depositedfrorn aqueous solutions. 
II. That they uere originally depo ited mainly in the form of su[phide . 

III. That the process nf deposition teas a metasomatic interchange with the mc~terial 
of the rock i n which they u·ere deposited. That is, tllat t!Je material of wuic)1 t l.J .J were 
compo eel was not a deposit in a pre-existing ca..- ity iu the rock, 'but that th • ·olu ­
tious w!Jicb carried them gradnally di · ol\rcd out the origiual ro0k mMerial a nll I >ft 
the ore or vei11 ma terial iu it place. 

IV. 1'hat the minera.l solutions m· ore Clt?Tents co ncentrated along naturaltcaler 
vhannels and follmred by preference the bedding planes at a certain geological ho1·i::on. but 
that th o!J also p encfrettcd the adjoini n.IJ rocks through oro8.~ joi u t~ aud clccwago pia nes. 
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Age of deposits.-As regards the time of depo it.ion of the original ore 

depo its, it i proved: 

That they were deposited 110t /ai el' tha11t the 01'etaceo1~s pel'iod. 

That they are later than th inclo ing rock i proved by th ir ruode 

of occurrence; and in e they have partaken of the dynamic movement to 

which th e rock " ·ere ubjected and w refold <l and faulted with th m, 

they mu t ha' e been form d earliP- r than th e d namic.moveruent , which 

a the g ological consid ration already pre ented how, occuned not later 

than the clo e of the Oretaceou period. 
Origin of the metallic contents.--\ itb reo-a.rd to the immediate OUrCe from 

which the minerals forruino· the e depo it were derived, the following con­

clu ions have been arrived at: 

I. That they ccw1 e f rom abo e. 
II. That they tc ~-e del'ired mainly ji'O?n the neighb01·ing entptive 1'0cks. 

By the e tatem nt it i not intend d to deny the pos ibility that the 

material ma. originally have come from great depth , nor to maintain that 

th y w r nee arily derived ntirely from en11 tive rocks at pre ent im­

m diately in conta t with the d po its. 

The fact and rea on on whi h the e onclu ion are based will be 

given in the £ llowing chapters. 
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IRON HILL GROUP. 

IlWN lliLL. 

General description.-Of the three principal group of mine that of Iron 

Hill presents the simple t type, both in geol gical tru tnre and in the 

character of its ore depo it . It i that of a block of ea terl -dipping bed , 
with a fault on it we tern ide, by who e di placement the e bed have 
been lifted in rlace ab ut one thou ancl feet above th ir w tern continu­
ation, and in which th ore depo ition ha taken place at the upp r nrface 

of the lime tone bed, along it conta t with the overly in o· porphyr and 
extending down at time into the rna of the lime, tone. Thi imple tJ pe 
obtains only on the outb end of Iron Hill, and even then in a om what 
m-odified form, the north pre enting, a will be een later, the xtr m of 

complication. 
The area repre ented on the Iron Hill and North Iron Hill map forms 

topographically one continuous ridge. The map has been printed n two 
beets, partly because of it otherwi e cumber orne ize and partly b cau e 

the geological character of the opposite ends of the hill is very differ nt. 

The Iron Hill mn.p includes all of Iron Hill except its northern por­

tion, together with a part of Dome or Rock Hill, the pur which li be­

tween California and Iowa gulche . It thus takes in all the mine bel nging 

to the Iron Silver Mining Company, to the La Plata Mining and Sm lting 

Company, and to the Silver Cord Combination, which represent the p1·in­

cipal developments outside the Adelaide-Argentine group in this portion 

of the Leadville region. 

Iron Hill and its companion, C~rbonate Hill, are flat-topped bosse or 
shoulders, on the main spur of the Mo quito Range between California and 
Evans gulches, whose form was evidently due originally to the displ::tce­

~so 
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ment of Iron and Carbonaie faults, though much modified by lat r ero ion. 
The region, however, a di tingui bed from th other portion of Lead ville, 
has been scarcely affected by glacial action, California gul h, in whieh 
ero ion has been deepe t, being, as ha already been shown, e entially a 
valley of erosion. The lope of the hills are teep, but extremely r gular, 
and covered with an accumulation of "Slide," who e a' erage depth may be 
considered to be from six to ten feet. Thi slide i , distingui hed from 
Wash by being not rounded, but angular and resulting from the disinte­
gration of rock in place. It con ists mainly of the debris of White Por­
phyry, which forms the top rock of either hill. 'J:'he porphyry weath r 
into thin sherd-like fragments, which from their relative lightne are ea ily 
carried down by rain or snow, and therefore cover the greater part of the 
slopes of the hill , even where other rock actually crop out. It i only 
along the steep slopes of the V- haped va:lley of California gul h that actual 
outcrop of rock in place are found on either hill. 

Geological structure.-The average strike of the formations on Iron Hill is 

a little we ·t of north, and the beds dip east at an angle of about 12° to 
25° , ha1lowing1 however, to the ea tward, and probably ba ining up toward 
the Mike fault. The outh fa of the hill has, by the ero ion of the deep 
v- ·haped valley of California gulch, been left o teep that its urface i but 
thinly covered by detrital material, and eat of the Iron fault, . who e line is 
mark db) a slio·ht depre sion down the lope, the outcrop of the succeeding 
s dimentc'lry b d · can be r adilytraced, in the numerou pro pect hole~ , from 
the Lower Quartzite, immediately overlying the Archean, up to the main 
b dy of Whit Porph Try, whi h form the ummit of the hill. 

The geological section repre ented on thi slope i , then, in de cending 
I 

order: 
1. WbHe Porpb,yry capping, in wbiuh are included detac.:bed portions of the 

W ·b r bale·, r presented in the Ime , haft b black sbal and, along the outm:op 
ou t.b ·Lim and Bnll's Eye claim , by a greenish late containing plentiful ea ·ts of 
llingula. mytiloides. 

2. Blue Limestone ..... . . .... ........ . - . . . . . . . . . . . . . . .... . . . .. . 
3. Parting Quartzit (outcrop ob cure) ...... .. .... ..... . . . ...... . 
4. White or Silnrhtu Lim 'ton ........... . ... .. .... . ...... . ..... . 
5. Lower or Oambri<w Qunrtzite ................................. . 
6. Archean gneis. (not e po · d.). . . . . . . . . . . . . .. , . • .. . . •.......... 

Feet. 

200 
20 

140 
160 
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Later intrusive sheets.-Be id thi normal erie of bed ' are two intru ive 

sheets of porphyry of lat r ernpti n than the White, and alii rl to, though 

not absolutely identical wi h, the ray Porphyry. ne f th e is found 

at the top of the Blue Lime tone, ·the other near it ba e. Th ir probable 

extent can be be t een by ret r n e to the map and e tion (Atla Sheets 

XXIII, XXIV, XXV). The thickne e there given ar a umed from the 

po ition of outcrops, where they ould be determined, and from other in­

direct evidence, .and rna differ con id rably from tb actual fact , a the e 

porphyry beets, especiall the lat r one , vary much in thickne s in r la­

tively hort distance . 

Upper sheet.-The rock of the £ rmer of th e b dies i of a dark-gra.y 

color and con i t of plates of alt red mica and relativ ly large, opaque, 

white feld par in a gr enish-gray matrix. o far a n it i in a too 
advanced tate of d .c mp iti n to all w f a ati fact ry determinnti n of 

it original con tituent . Externally, how v r, it r ·emble more lo · 1 

the country rock of the Printer Boy mine than any other p rphyr 1-

lected. 

This heet., while in general eparating the White Porphyry from the 

Blue Limestone, doe not alway keep exactly he arne horizon. In the 

bed of California Gulch, where the out rop cro and wh re thi porphyry 

seems to be tbicke~t, it cut into the Blue Lime tone, leaving a portion of 

the latter above it, near the mouth of the La Plata tunnel. Farth r we t, 

on the hill slope , it cut up into the 'Whit Porph 7 ry f r a h rt di tan e, 

leaving a sheet of that rock between it and the Blue Lim e tone, and then 

again return to the contact on the Lime claim, on Iron Hill, and we t of the 

Dome fault, on Dome Hill. r1 here i direct evidence that the heet thin or 

wedge out from thi crossing of California Gulch to the outh, west, an l 

north, but on the east no working. have yet reached a ufficient depth to 

cut it. It is not impo sible tltat it may be an offshoot from om large body 

occupying a lower position in that direction-the Printer Boy body, for 

instance, which is at a lower geological horizon, though actually brouo-ht to 

a higher elevation by faulting. 

Lower sheet.-The rock of the second body, as compared with that ju t 

described or with the normal Gray Porphyry, bas in the hand specimen a 
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much finer grain, and it minute feld par cr) stal are generally of a fie h 

color. When thoroughly bleached by decompo ition it can be di tin­

gui heel from the White Porphyry by it speckled or mottled appearance, 

whence the name of " mottled porphyry" that i not infrequently applied 

to it. It is probably also a variet. r of Gray Porpb · ry, though, like the pre­

ceding, not found in sufficiently fresh condition for exact determination. 

As nearly as can be determined from the 'arious pro pect holes on the 

slope of the hill, this body has it maximum thickne near the line of the 

Iron fault and thin out to the south ast. It is be t. een in a tunnel dri' en 
in nea.r the fault., on its contact with an underlying limestone, which is up­

po eel to be the lower portion of the Blue Limeston , though, a the Part­

in o- Quartzite wa not actually exposed below it., this annot be regarded as 
beyond a doubt. A certain amount of iron- tained ma-terial i found at the 

e nta t, and it had been uppo ·ed by orne tha.t thi rep tition of a conta t 

of porphyry and underlying lime tone below the regular outcrop wa evi­

dence of a-nother fault, the different character of the two porphyries having 

e. caped ob ervation. 
Thi porphyry h et i probably of much wider extent than the one 

previon ly cle ribecl, although it actual outcrop is much more limited; a 

wi ll be n later, it probably ext n l under the gr ater part of Carbonate 
Hill, and ina much a heet of Gray Porphyr are found in con iderable 

devel I m nt on the north end of Iron Hill, though at somewhat lower hori­

zon, it i fair to a ume, as ha · be n clone in the ection ( tlas beet XXIV), 

that it ext nd und r Iron Hill al o gradually lowerino- in horizon toward 

th north. It i probable that the mall bodie of Gmy P rphyry found 
eros i.ng the lim tone i.n variou point of the hill are offi hoot from this 

body. 
White Porphyry.-The ·white Porphyi·y, which form the ummit of the 

hill , i the normal ro k already de cribed. From the quarry in California 

gul h, just above Graham gul h, wa taken the pecimen chosen for complete 

analy i ( ee \ppendix B, Table I ). In tbi quarry, which is but a. hort 

eli tance w t of the Iron fault, the jointing plane a!·e trongly marked, 

tho e parallel with the plane of the fault being the mo t prominent. 
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Blue Limestone.-The Blue Lirue ton , a hown by the map, ha an 

unusually broad outcrop in California gulch, owing to ro ion and to the 

low angle at which it stand . From the bed of tb gul b th out rop extend 
up along the hill slopes on e1ther ide, only ob ured by lid or surface 
debris, until cut off by the Iron and Dome fault , re,pe tivel)r. On the 
1\fontgomery claim, a cliff expo ure of a v ry con iderabl thickne s of the 

lower beds i afforded by an open cut, where the lime tone was formerly 
quarried as a flux for the melter . There i al o a mall out rop we t of 

the Emmet fault, near the bed of the gulch, below the Columbia tunnel. 
From the upper bed in the Silver Wave ground were tak n the specimens 

illustrated in Plate\ I (p. 64) and who e compo ition i bown in Appen­
dix B, Table V. The characteri tic ribbed tructure i. here Yery well devel­
oped. The thickne of the form ation, a alculat d from the outcrop , 
i two bundr d £ t r mor , whi h is gr at r thnn that d du d fr m meas­

urement on Carbonate Hill. 
Si!orian.-'I'he White Lime tone i di clo ed in num rou pr pect hole , 

and orne hafts on the outh id of the gulch have ut the charact r­
i tic Red-ca t bed . 'l'he Parting Quartzite could not b unmi takably 

recognized, owing to its clo e resemblance underground to de ompo d 
porphyry. There i , however, no rea, on to a surne that it i wanting. 

cambrian.-The Lower Quartzite i::; be t hown in the lobe and ard n 

City shafts, each of which ha · cut through it into the underlying Ar L an . 
'I'he quartzite is of the usual normal type and the Arch an i a coar -

grained granitoid gneis . 
Iron fau!t.-The average direction of the line of the Iron fault i a littl e 

ea t of north, but its cour e is very crooked, a hown on the map. 1 hough 

thi irregularity may be somewhat increased by erosion, i.e' be great r than 
if the line given on the map were -its intersection with\ horizontal plan , 
still it cannot be considered abnormal, ince from the bed of alifornia 
gulch northward to the Codfish Balls shaft it bas been actuaHy proved in 
so many ea e as to render its delineation unu ually exact. 

It has been' cut by the workiugs of the Garel.en City shaft; by the L. 

I. shaft, which was sunk perpendicularly to the depth of two to three 
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hundr d feet through White Porphyry, on the west . ide of the fa ult, into 
Lower Quartzite on the ea t ide; by two sha.ft on the Lingula claim; and 

by numerous shaft and winzes in the claim of the Iron mine, orne of the 

latter beiug sunk on the plane of the fault it elf, an l ·bowing it aYera o· 

dip to be 60° to 65° to the we twanl, or nearly at right angles to the dip 
of the formation. 

As the Blue Lim ·ton ha not yet been r ach don thew t i<.l of the 

fault in the region represented on thi , ruap, it · movement of di placement, 

or throw, cannot be accnrately determin d. It maximum i probably not 

far from one thou and feet, in e tb Cit) of Pari haft, 1,200 f et north 

of the line of the map, wa uuk to a d pth of 00 f t with ut r aching 

the Blue Lime ton e. The dii of thi" bed carried ba k from th out rop 

on Carbonate Hill, at the average angle, would rea h at the lin of the 

fault a mu h greater depth, probabl not le s than fifteen bundr d feet; 

but there are good ground for a uming that thi dip hallow , and that 

th bed actually ba in up, i. e., a ume a we terly dip, before reaching 
the line of th fault. The movement of this fault may here be partly di -

tribut d among ruall r parall l fault to the we t, lik th a:!.·bonate fault, 

in whi h a e the contact imm diat ly ndjoining the main fault may be found 

at a less depth than 1,000 feet. To the north, beyond th limit. of thi:S map, 

a ha ~ ah·ead) be n ·..::en in the general de ri ption of the Lead ville region, 

the mov ment of the Iron fault gradually deer a e an l it ar parently pa ·ses 

into an anticlinal fold . As regardu t.b ontinuation of the fault outh of 

California o·ul b, however, no d finite data have been obtained, since the 

gr at a cumulation of Wa h and Lake b d tber ha,·e been a bnrrier 

to underground ·ploration . It bas been a sumed that. it gradually 

pa · s into a synclinal fold, as indicated on the map of Leadville. rrhe 

movement of di rlac ment outh of California gnlch is, however, distributed 

among two fault , the Dome and the Emm t, with which the Iron fault i 

connected by a ro s-fault (the California fault), whi h follows approx­

imately the bed of California gulch. 
California fault.-The plane of this fault has not been actually cut, but its 

exi tence is proved by the discrepancy of t.he beds on either side of the 
MON XII- 25 
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gul ·h, the Blue Lime tone outcroppin<T n ar th Rob xt Emm t tunnel and 
opposi te the Globe haft, in wbi h th Low r uartzit i ut. 1 

Dome fault .-The Dom fault i: in n the prop r ontinua1i on f 
1tb Iron fault, since it forms the great br ak n m Hill, a Iron fault 

Jo on Iron Hill , and, like the latt r, pet· sat it extr mity into an anti· 
·limd fold. Con idered in thi s wav, th Ir n ali£ rnia, and Dom faults 

would form a ingle fracture, omewhat itT <Tu lar in dir tion, but haYing a 
genenll north-and- outh trend, while th , nth rn ontinuati n of the Iron 

fault, a at pre ent indi ated and the Emm t fault, would be imply 
branche , relieving the train at the udden bend of th fault in California 

gull' h. ~ro the ea~t of thi line of fra ture are the prin 'ipal outcrop f Blue 

Limestone and the main ore dev lopm nt in thi 1' rrion whil . to the w st 
this horizon i, more or le deeply buri d b neath a verin of p rphyry. 
The Dome fanlt proper ha a g n ral nort11-aJHl- outh direction . It · I lane 
has been pro' ed b uud rgrouncl working ouly in the \ ining tunnel but 

the line a giYen on the map i tolerably clo, ly d termined b the d v lop­
ments of adjoining haft and in cline , tho ·e on the we ·t findin<T White 
Porphyry, underlaid by Gray Porphyry, on a 1 vel with Blne Lime t n n 
the ea t, in the Rock and Dome working . 

Emmet fault.- rrhis mall fault, running in a uthwest directi n from 

the California fault, ha a movement of di placement the rev rse f the 
majority of the faults in tbi ' region- t.h::~t i , the upthrow is to thew st in­

stead of to the east. It plane has actually heen proved by adrift rnnnin <T w t­
ward from a winze sunk in the Robert Emmet tunn I. It is further prov d 

by the di repancy in the position of th Blue Lime tone and the over! ing 

porphyri es on either side of it, a shown in ection G, Atla Sheet XX . 
That it actually continues to it junction with the Iron fault to the on h 

a indicated on the Leaclville map, is mer ly a matter of conjecture. 
Dome Hill.-By reference to At1a She t XXV, Section E and F, it will 

be een that the northern portion of the ridge of Dome Hill, adjoining al-
1 'inc the clo e offi ld-work, developments iu t.ho Garden City mine b:we definitely locat r1 tho po~i · 

tion of tho western end of this fn.nlt. The lowPr shaft on thi claim w-a uuk p rp ndicnlnrly 100 f > t 
thronJ.:l• lime ·tone and v in material, and then pa ·ed into the Lowt·r Quart,zite, erossin~ tl•o fn ul t. 
diagonally. At 120 Jeet n drift to the ·ontb"·e~ t cnt the faul t at 5 feet from the shaft, showing thar 
it s dip is1o tho sonth. At 75 feet from the~baft tb e~nu•c drift cnt the plane of the Iron fault aiHl pA ~!· tl 

iuto thu \\"hito Porphyry on the west side of this f;wlt. 
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ifornia gul ch, was originally part of the Iron and Carbonate Hill ridge and 
that. their present separation by the ' all y of California gulch i due tc 
ero ion in ce the Glacial poch. What i now the main ere t of the ridg 
wa once an arm or bay in the Arkan as lake, and the actual rock urfa e 
is burif'd t a great depth beneath the depo -it formed in thi lake and the 
later W <t . h Ex ept, therefore, on the northern edge of the ridge adjoining 
California gulch, which i th!3 portion shown on the Iron Iill map, data 
with r gard to the actual rock urface are extremely m ager. It g ologi al 
structm e abov and to th ea t i imilar to, and pra tically a ontinuation 
of, that of lrcm Hill, namely, a erie of ea terly-dipping bed , capp d by 
porph; ry , in ·which the ore bodie have been developed by following the 
conta t of th Blue Lime tone with the ov rlying porphyrv. Th mam 
difference li in the development of the in tru ive heet of ray P orphyry 
below the White Porphyry, which is not, however, ab olu tely parallel 
with the b ddina-, ina much a on the summit of Dome Hill a small beet 
of White P orph_ ry i left b tween the Gray Porph; ry and the lime tone 
and in the La Plata a-round the Grav P orphy ry ut down through the 

up1 r part of the Blue Lime tone. 
W e t of the Dome fault the r lative I osition of these two beets of 

poq hyry afford mo t valuable evid nee a to the underground tructnre, 

and actually prove a basining-up of the b d toward the Dome fault, as 
ha been a umed to be the ca e in regard to the bed we t of the Iron 
fault. At the Bank of France haft the Gray Porphyry actually come to 
the r k urfa e. The City Bank and Oro City on the other hand, pa s 
throtwh the White Porphyr into the Gray, a doe the Vining shaft higher 
up on th hill. The ullivan, Ben Burb, and K eno hafts have reached 
the contact and lime tone after pa ing through the White and then a com­
paratively thin body of Gray Porphyry. The Blue Lime tone is thus 
shown to be at no great del th below the surface near the Dome fault. On 
the other hand, at the Coon Valley haft, near the head of Georgia gulch, 
the Blue Lime tone is over ix hundred feet d ep, bowing a omparati vely 
teep dip from the fault westwa.rd. 1 

1 !nee the completion of fi ld-work th e con tact and eveu valuable bollies of or havo b en prov d 
in tt1is region w t of t he Dome fan lt, notably in th Ro ie, eq ni11, and Vining claim . I n t b qnin 
the contact was t ru ck at 37fi feet, in t he Viniug at 317 f et, in each cnse with a ha.q dip to the west­
ward. 
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'I'he· wedg - haped block of ground between the Emmet and Iron 
fault may be con id red a portion of th formation which, b compression 

b tween the adjoining blo k , ha been lift d Ul relatively and ompre eel 
into an anticlinal fold . A tual out rop of Blu Lime ton are £ nnd ncar 

the bed of Cal ifornia gul h, oppo it th lob haft. 1he lumbia tunnel 
wa 1:un in app-c .. 1rently on the very ere t of the fold and d 1 1 d cowid­
erable ore on the contact. F rom the line of the tunnel he formation dip 

gently to th ea tward and very teeply to the w tward, o that in the 
Cre centia haft, a little west of it on the l p of Cali£ rnia gulch at a 

depth of 335 feet the lime tone had not y t b n reached, but th haft'' a 
in the Gra; Poq h TY beneath th ection tla he t XXV, 
repre ent graphically the tructure thu · d cribed. 

Ore deposits.-The principal depo ition of ore ha taken I la e al ng the 
contact-plane between the Blue Lime tone and overlying \Vbit P rphyr -

and extended to greater r le · depth into the rna of th lime ton In 
everal in tance large depo its have been formed within the bod;? f th 

limestone, being probabl on the line of ·orne natural cleavag or j int 
plane which cau eel a deviation of the ore current from their normal 

course. 
The vein material or gangue con ist of h drated oxid of ir n and 

manganese, silica, and clay. The iron varie from a hard, compact, m r r 
le s siliciou brown hematite to a simple oloring matter of the lay. 1\lan­
ganese i found sometimes in fin e, needle-like cry tal of pyrolu ite but 

mainly occurs a a sort of wad, a black claye) rna known to the min r 
as" black iron." Silica occur · either as a blue-black chert or a a granular, 
somewhat porous rna s, hardly di tingui hable from qu artzite. lay i 

found in greatly varying degree of impurity, from a white ka lin d wn, 

and is a product of the decomr o ition of porphyry. It occurs eith r in 
place or as an infiltrated mas . Be ides this should be mention l th 

C hinese talc of the miners, found mainly at the actual contact. 
The ore is principally argentiferous galena and its secondary produ t 

are carbonate of lead, or cerus ite, and chloride of silver. 

1 Lato developments iu tho hJwer Ga rden City shaft show that the Blue Limestone i 
mineralized and that the forruation dips very steep !~- to the southwe t. 
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mineral , or tho e of less frequ ent occurrence, are ulphate of lead or 

angle it.e, pyromorphite, minium, zinc bl nde, and alamine. Native ul­

phur is found in one in tance a the re. ult f the de ompo ition of galen~ 

and native ilver form ed by the reducti on of chloride. 

)!!~F. WO!lKIX , , . 

The principal mine workings in the ar a repre en ted on the Iron Hi ll 

map may be divided into the following group , commencing at the outh: 

1. The Rock and Dnm . 
~ . The La Plata. and Ston . 
3. The Lime and Smuggler. 
4. The ilver ·wa•e and Sih er Cord, including the outil Bull's Eye. 
5. The Iron min e proper , inclndiug the North Bull's Ey . 

Rock and Dome.-The e two claim are own d and worked by the Iron 

ilver Minino· Company. The form er is O] ened by a tunn lrnnning 'OL:th­

ward on the trik , the latter by an in cline running ea tward on the dip. 

The r bodie thn far dev lop din either mine are found near the ur­

face of th hill an d rna) belong to the ame bonanza, if the same north­

ea. terl y direction of ore shoot ! revail here a loes on Iron Hiil. On the 

bill i l , at the pre ent mouth of the Rock tunn l, wa · formerly an actua l 

ro k outcrop, con i .. tin o· larg ly of hard carbonate, from which the mine 

deri v d it name and where the fir tore in place wa fou nd in thi region. 

F r m it were no doubt d rived the heavy fragm nt which can ed o 

mu h ann yan e to th earl gul ch miner .. 

F rom thi tunnel level the ore has been f llowed along the conta t of 

lime tone and poq hy ry a certain distance upward or toward the outcrop, 

but mainl. ea tward in the trough of a fold and t.b n down ward on the dip 

rrhe working::; have al 0 been pu hed outhward with the intention of mak­

ing a conn ction with the Dom workin <Y . B yond the crest of the fold 

to the ea tward the contact has thu far prov d comparatively banen, but 

at the lower extr mity of the Rock inclin e ore ha been found whi ·h may 

be the precur or of a econcl ore hoot. 

In the Dome the ri ch ore ha tlm far been found nea.r the mouth of 

the incline, in ver y considerable thickness and with a remarkable develop-
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ment of ma e of Chine e talc in the ore body, at ome di tan e from the 

contact. The incline ha not yet reach d a econd ore h ot in depth, 

though there is every probabilit) that one will e ntuall) b found ther . 

Th ore in both the ?1ine , i mainly a bard arbonate, v ry rich in 

lead, but of comparati vely low grade in ilv r. It i very thoroughly oxi­

dized, and in ome a e a red oxide of 1 ad hn be n found in it. It 

o cur in bodie sometim , of on -id rable thi lm , and alwa , at or near 

the contact. At the conta the alt ration of porphyry into th o-called 
Chine e talc i ver) per-i -tent, and when found in the ore bod 7.

1 
a in th 

Dome mine, shows that offshoot of th porphyry had probably p n trated 

the limestone previou to the replacement of the latter by vein mat rial. 

Sections E and G, Atla he t XX\ , whi h pa throug-h the Rock 

workinD"s, how the fold in the lime tone, which afford· a good illu tration 
of the tendency of the ore cnnent ' to depo it their l ad iwm diat ly above 
any harp bend in the tratification. 

La P lata, Stone, and A . Y.-The L:t Plata claim i opened by a tunnel 

800 feet long runnin o· outh from near the bed f the gulch. It dir ti n 

wa intended no doubt to correspond with the trike of the formation, but 

in poiut of fact it diverge a little to the we tward, so that while at th 

mouth it is at the actual contact of the White Porphyry and Blue Lime ton , 
it d part from it m re and more a it a.d vances. At the extremit;, how v r, 

the contc1.ct bends harply down to the outh, so that a winze ha been unk 
70 feet to reach it. It is noticeable that this bend i on a lin e with tb 

ward continuation of the California fault. 

Below the mouth of the tunn l and in the bod of the lime ton e i 

found the Gray Porphyry sheet, which to the north and outh i f u11d 

abov the Blne Lime tone and eparating it from the White Porphyry. Th 

contact in this mine 'Yas not found very productive. A small body of ore wa 

found east of the tunnel, near its mouth, and a prospecting drift runnin O' to 

the Gneis on shaft, and continued some di tance beyond it, found the u ual 

evidenee of mineralizing action, but no pay ore; it showed, however, a 

steepening of the dip of the formation of 35 °. This, with the sudden steepen­

ing at the end of. the tunnel, shows how difficult it is to count on any regu­
larity in the dip of the formation until it has been actually proved. The 
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main ore developments have been in the body of the limestone, extending 

as much as one hundred feet beloY'i' itt mface, and are opened b) the Ru -

tin haft. The e and the imilar ones in the Silver Wave ground are inter ­

e ting as bowing that the ore depo ·it are by no mean onfined to the 

snrface of the limestone, a wa originally, uppo ed. 'l'he bodie · are irreg­

ular in shape, but have their g reate t ext nt in a nearly verti al direction. 

The lickensides found on their 'vall give evidence of some movement, 

and tltey 'vere evidently formed by ore cutT nt percolating alo~1g eros -
joints or_ plane of fracture in the lime ton , having a gen ral north and 

south direction. 'I he ore i oxidized and doe not differ e sentially in char­

acter from that in the adjoinin o· mine . 

The tone claim wa ingeniou I r outlin d to take in the curving out­

crop of the Blue Lime tone a it cro · s the gulch. Th d v lopment on it 

are mainly on the n rth sid of the a nlch , and have a yet opened no con­
iderable ore bodies, though the eviden e of replacement action are abun­

dant. Probably a earch below th on tact for bodies iiDilar to tho e of the 
La Plata might prove remun rativ . 

The haft of the A. Y. mine, above the Stone claim, bas developed an 

extrem 1) inter ting occurr nee of unoxidized ore, a rna 'S of galena, pyrite, 

and zinc blende, which wa the only one reached in the Leadville region, 

though unfortunately not acces ible, at time of vi it. The ore i of low 

grad in silv r, and b nee of little Yalue in competition with th more ea ily 

red u ible oxidized ore ·. 
Lime and Smuggler.-Dir ctly opposite the Rock working , and at a cor­

re ponding· elevation on the north lope of California. gul h, are the work­

ing of the I im , Smuggler, and adjoining claim , which, though not very 

ex ten i ve, ar uffi cient to give evidence of anoth r zone where the lime­

stan ha been largel; replaced by vein material. The minor fold in the 

lime tone are here very harp, the rock rna es near the urface sometimes 

broken, and the replacement has been som what irregular, ·o that the con­

tinuity of the ore bodies is not alway evident. Here, a::; in the Dome 

claim, a small thickness of White Porph) ry separate the intru 'ive beet of 

Gray Porphyry from the contact, a hown in S ction E and F . From 

the south incline of the Lime to the South Bull's Eye but little ore has 
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yet been developed along the contact. On the extreme north nd of the 

Lime claim, an incline, not indicat d on the mar, wa driven in on the 

contact until cut off b a wall of Gray Porphyry, tanding at an angle of 

65 ° with a trike to the ea t and northea t.. Thi woull e m t be an if-
hoot from the intrusiv heet in th lower part of the Blue Lim ton . 

The form of this off: hoot, hown in 'ection E, rnu t he under tood to be, in 

the present tate of dovelopm nt , pur ly a matter of conjecture. That 

ore bodies ha' e not been found at the contact h r i , however, not nee -

sarily a proof that they may not exi t within the bod of the lime t ne, a 

will be seen from the de cription of the next group. Thin bed of ' hal e.· 

carrying· Lingula ar found at the contact in the Lime and Bull' Eye 

claims, near the outcrop. 
South Bu11 's Eye, and S ilver Cord Combination .- on id rable body of ri h 

carbonate or wa found alono· th contact and nea1· th outcrop at th 

outh en l of the Bull' Eye claim, which l~a been developed by the 
so-ealled South incline. I wa extremely irregular in bape, xt nding in 

place fifteen or twenty feet below the eontact; it pr b<tble continuation 
in the Silver Wave ground i · apparently even thicker. A hown in tion 

D, this body, like that already de cribed in the Rock mine, occurs ju t above 
and on the ere t of a fold in the limestone, who e axi ha a northea t dire -
tion parallel to that of the ore body. rrhe ore was quite rich near the urface, 
but became poorer in depth. To the outh it pa e into black iron (wad), 

containing little or no ilver. The incline, which run diagonally aero 
the body and follow approximately the contact plane, has at fir t an in cli­
nation of 12°, and after pas ing the ere t of the fold te pens to an aYerage 
angle of 25°, and for hort di tance reache 45° or more; the contact i 
here barren, howing only iron- ·tained clay and a little Chinese talc. Thi 

body, like that of the Rock mine, was one of the earliest developments in 

the district. 

In laying out the side lines of the Bull's Eye claim it was the inten­

tion of the original locators to include within them, as they did so succe -

fully in the other claims of the Iron Silver Mining Company, the outcrop 
of the vein or of the upper urface of the Blue Limestone. As it happened, 
however, the limestone rises at this point over a secondary fold, and the line 
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of c;ont.act bends backward, or up . the hlll, instead of following its normal 

grade along the lope, so that for a considerable distance the line of outcrop 

pa es ea t of the Bull's Eye line a.nd within the ground of the adjoining Sil­

ver Wave claim. A most valuable piece of ground wa thus lo t by an acci­

dent, which only an actual stripping of the lim stone outcrop over its entire 

extent could have prevented. During the time th is investirration wa car­

ried on, owing to pending litigation, the Silver \Vave claim, which has 

since been consolidated with the claims adjoining it on the ea t, in what i 

known as the Silver Cord Combination, was not open to public in pe tion; 

nor could permission be granted to tai;:e copies of the map of unclerg uncl 

workings, as was iu general freely accorded by the L aclvi lle min own rs. 

The workings and outlin es of ore bodies in the e claims, as given · on the . 

map, are hence necessarily incomplete, b ing made up from data obtained 

from out ide urveyor and from note gathered during a mtbet· hasty per­

sonal in pection of the working . 

'I he mine is opened by two inclines from the surface in the northern 

part, and by shallow shaft from which inclined drift follow the ore chan­

nel . in a very irregular manner, in other portions of the claim.1 The main 

or mo t northern incline run at an angle of 15° , tt·iking the contact at 10 

feet from it mouth, and thereafter running in the body of the limestone at 

an ever-in creasing depth below the contact. It thus passes beneath a drift 

run outhwarcl from the fifth level of the Iron mine, which follow a barren 

contact. On the contact little good ore ha been developed, but ve1T ri ch 

ore, and probably in very con iderable quantity, said to have produced many 

hundreds of thou and of dollar , ha been obtained from bodie in the 

ma s of the lime tone, and extending . in some ca es to a depth of one hnn­

drecl feet below the contact. In tho e visited, the outlines of the body, 
although irrerrular as in mo t ore ·bodies in lirne::.tone, have in general a 

northea t dire tion and ·tan l nearly vertical. At their upper limit can be 

generally distingui heel a eli tinct crack or jointing plane in the lime ·tone, 

extending· up to the contact., a evidenced by the entrance of water through 

it. On th otb r hand, at the lower limits of the e bodie no trac of any 

opening coul<l be found through which the ore olntion might. have come 

1 On the map, by rror in proof-reading, the parallel linings u eel to rl enoto inclinP have been 
omitted in this miu . 
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from below. In general outline the bodie em pea~·- bar d, with th6 
ta1 er toward the top. Similar bodies are found around the ilver 'urd 
shaft, also having a northeal3t trend, and, as the map how , in a direct line 
with those in · the Silver Wave and Grand iew claim . East of the ilver 

ord shaft a steeper dip in the formation come in, which may be a contin­
uation of the fold already noticed in the South Bull' E e. It eem , then, 
that before the dynami movement in thi region there was a certain amount 

of fracturing of the beds not, however, accompanied by any con iderable 
displacement, and that along these plane of fracture the ore current have 

penetrated into the body of the limestone, the ore depo ition or replacem nt 

acting from their walls outward. 
In the Silver Wave claim wa also seen a freshly or ened· cave, one of 

tLe few that are found in the Leadville mines, and which is of intere t a 

b aring on the generally-advanced theory that ore bodies in lime ton e are 
nece arily deposit in pre-existing cavitie . It wa omewhat funn 1- haped 

toward the top, about twenty-five feet in horizontal diam ter, and contained 
no ore. Its wall , which had the wavy urface common to wat r-worn lime-

tone, were covered with a thin coating of fine reddish ooze or lime. An 

examination of the wall showed that these were in part of unaltered lime­

stone and in part of ore and vein material, which could not be distingui bed 
from each other until the coating had been removed. It wa thus evident 
that the cave was of comparatively recent formation, made by the percola­

tion of surface water and carved out of lime tone and ore body indiffer­
ently · hence, that it is entirely posterior to the deposition of the ore, which 

wa formed before surface waters, as the term is generally under tood, 
could have reached to this depth. • 

Iron mine proper.-The underground workings of the group of laim' 

which are exploited from the Yarions shaft and inclines of the Iron mine 
cover an area of about twenty-five acre::;, being the mo t considerable of auy 
ingle mine in the eli trict. They have been driven a di tance of over fif­

teen hu:1dred feet along the contact eastward from the outcrop, or rather 
from the fault line, sin ce at the peculi ar ea t\Yard bend of the fault plnne 
in the Iron and Iron Hat claims the limeston~ doe · not actually come to the 
::;urface. 
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The Iron H~ll map ·bows the princip~l und rground drift in tbi ar a, 
taken from the actual working maps of the min the leYel of difl'er nt 

points in these drifts being given b) figures which d note their r , pective 

elevations abo' e the 10,000-foot curve. The outline of the ore bodie ar 

g·iven in generaliz d form, a deduced from the same map and from per onal 

ob ervation . A in the ca e of all the mine maps, botb drift and ore 

bodie are indicated in projection, that is, as if the ground over th m were 

tran parent, and in th is respect th differ from and are indep ndent of the 

geological colors, which indicate the formation con tituting the rock urface. 

'I'he mine i pened. by three prin ipal inclines, the Torth, Main, and 

outh, tb last of which i no long r in use. The bulk of the r i x­

tracted tbrouo-h the ruiddle or Main inclin , which i arried down at an 

angle of 12° to 13c in approximate conformity with the surface of th lime­

tone; it i provided with powerful hoi tino· engine and has a doubl track. 

In tla ' be t XXIV a e tion i given through each of the e inclines, de io-­

nated A, B, , r pectively, the line of the last running partly through the 
orth incline ofth Bull' Ey claim, which adjoi11 the line of the Iron claim. 

In tbi ar a the ontact ha been and i productive over an unusually 

large mfa e, the main ore bod extending diagonally through the claims 

in a north a t dire tion from th cropping , witll an average width of 200 

£ et. This productive zone i eparated from the zone of the adjoining 

ilve1: ord Combination by com1 aratively barren ground· that i , banen as 

far as pre ent explorations have gone, although it i not ab o1ute1y ertain 

that ore may not till exist in the body of the lime tone. 'rhe irregularity 

with which the replacement action of the ore currents has acted upon the 

limestone is well sho,vn in the Main incline. Here, after the ore had been 

extracted along the actual contact from th first to the fifth level and it was 

supposed that pay ore in thi ar a was quite exhausted, it wa found in one 

place to extend con id rably below ·what wa supposed to be the floor of 

the ore body, often simply a layer of black chert, and a lower drift was run 

back from the fourth tation in the direction of the fault, di closing a very 

larg-e body of vein ruaterial and ri ch or , extending nearly to the fault plane, 1 
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and in places reaching a depth of 40 feet or more below the actual contact 

of limestone and porphyr . 
In Section 0, \\hi h pa e through the Tort.h incline of tb Bull' 

Eye, and a little outh of the outh in cline of the Iron min , th tEmd n 
of the rich ore to accumulate above a fold in the limestone, whi h ha 
already been noticed in the Rock and South Bull'· Eye, i quite appaJ: nt, 

the barren zone occurring on th teeper dip of th formation t war 1 th 
Silver Cord claim. 

In the section through the Main in line the fold are le prominent, 
but the arne tendency always holds good, and it i one of the practieal 

generalization made by tho e working iri the mine that ri h ore bodie 

occur always i~ trough of the lime tone. The steeper dip of the forma­
tion beyond the accumulation of rich ore is quite vident. J u t below the 
seventh level a small body of Gray Porphyry ro. e th Main incline dia.g­
ona1l in a direction a little north of ea t. Here the incline i ome di ·­

tance below the CO'ntact, and it c uld not be definitely determined wh th r 

the porphyry extended up to the contact or not, though it ha unintention­
ally been indicated a doing o in the ect.ion. To the we tward, if it con­
tinue in that direction, it doe not, a the contact has be':3n explored on the 

line of it continuation without finding it. It is cut in the eighth level a 
short distance north of the iain incline, but in neither case is the lime, tone 
mineralized to any extent at its contact. 

On the line of the North in cline the gen ral dip of the formation has 

become extremely shallow, a hown by the old drift, known a the Tu on 
incline, which followed the contact in all its curve and irregularitie.. Thi 
hallowing of the dip is probably due to a gen ral ba ining-up of the for­

mation to the northward, ince on North Iron hill in the Adelaide and Argen­

tin ground it curves in trike to the ea tward and a sumes a southerly 
dip. Tlm · at the Hynes haft, which is on the same line of strike with the 
Tu ,on haft, the contact. tands about fifty feet higher than at the latter. 

In this portion -of the mine a second eries of le s important ore bodi "' 
occurs in a depression -in the lime .. tone to the we t of the main bonanza 
and near the fault line. It has, like the latter, a general northeast trend. 
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'Whether it \vill lead to more important development in that dir ction 

explorations have not y t been ufficiently exten iYe to determin . 

'l'he main ore body on thi. line extends mor or le coutinnou l r from 

a little above the fifth level eastward to the bottom of the rruc on haft, 

being mainly concentrat d betw en the fifth and eighth 1 v 1 , where it 

extended at time to a depth of 30 fe t or mor below the conta t. ver r 

intere ting feature of tbi remarkable ore bod) i the occurren e of a b dy 

of .Gray Porph ry cutt~ng up into .the lime ton and at one 1 in t r aching 
th eon tact with the Vi bite Poq byry . It ha no appar nt connection with 

the body alr ady m ntioned in tb l\lain in clin . At the time of xamina-

tion it was o littl xr lor d that b nt little coul d be a certained a to it 

form or extent, and the repr eutation gi,·en in ection A i almo t entir ly 

idea L It is ther drawn a xtending a TO the conta t into th White 

Porphyr , for the rea on that Mr. Jacob found White I orphyry under it in 

th old Tnc on drift, where it run aboYe the North incline. Both north 

and outh of thi lin , however, it doe not reach the on ta t, and ore and 

' in materidl ar continuou o,- r it. La ter development h:-w h O \Yll that 

the ore extend to a on iderabl depth into the li me ton along its con tact 

and that its o·eneral di r ction is northw e t and uthea:;t. 

It i 1 robabl that b th th bodie of Gray Porph ·r - are irregular 

:ffi hoot from the main intru iY b tat the ba e of th _ Blue Limestone 

and difi; r from th ordinary dike. Tb f~1 t that the one which cro e the 

o· n ral directio.n f th or bodi s i acco~pani ed by a concentration of 

ri ch ore in it vicinity, while that which runs parallel with this direction i 

not, is in ac ordance ,-.,,ith the c0nditions found in connection with such 

cro s-cut.ting bodie of porphyry on Caxbonate and Fryer Hills and with 

the th ory that the ar favorable to the concentration of ore when o itu­

ated , in that they would produ ce a retardation in the flo·w of the ore elu­

tion and tim give them more time to depv it their load. 

It was in one of the drifts running north from the North incline, at the 

sixth level, that a mas some two feet in diameter wa found, campo ed 

mainly f 11 ative ulphur a · ociat . l with a li ttl carbonate of lead. A it 
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was comparatively free from iron oxide, it seems evident that it mn t have 

resulted from the reduction of galena, the lead having been removed in th e 
state of carbonate. 

In the body of the limestone, on the eighth level not far from the orth 
inclin e, a natural jointing plane, forming one wall of the drift, wa ob­
served to be coated with fi ne, silky, white cry tal , whi ch chemical exami­
nation proved to be calamine or ilicate of zinc. If the ulphureted ore , 

which ~ill undoubtedly be found when the mine workincr hall have 

reached the limit of the zone of oxidation, are as rich in blende a tho e 
which have been found in the \. Y. mine, it eem ingular that little or 

no zinc has hitherto· been found a ociated with the oxidized ·ore. This 
occurrence would eem to how that, owing probably to greater solubility, 
the alteration product of blende have been removed during secondar 
deposition to a greater distance from their original lo ation than those of 
the other ulphurets. 

In the lower level of the mine there ha been a notable increa e in 

the proportion of unaltered galena in the ore, but as yet no p rites or other 
sulphuret have been found. - While pecimen of galena are till found 
which average as high as 1,200 ounces of silver to the ton, the general 
tenor of the ore is lower than near the outcrops, and the evidence afforded 
by the record of assay , which were very sy tematically kept in this mine, 

show that there ha. been a gradual but comparatively teady decrea e in 
the average tenor of the ore in ilver with the progre s in depth. The e 
records further show, an d their evidence was confirm ed by numerous te t 
made in the laboratory of the Survey, that no reliance can be placed on a 

relation assumed by some to exist between the coarsene s or finenes of 
grain of a galena and its content in ilver. 

Explorations to the ea tward beyond the Tucson haft and in the 
lower part of the Main incline have been carried on along the contact line 
thu far without very ren:nmerative results. It would eem probable that 

ore might be found in this direction in the body of the limeston e, and 
pos ·ibly in more or le direct conn Ction with the cross-cutting sheet of 
Gray Porphyry, from whi ch those above mentioned are offshoots and 
which may be assumed to be at a considerable depth below the contact ir. 

thi eastern region. 
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Re!ation of Iron faul t to ore bodies. -In the area under con ideration the plane 

of the Iron fault ha been cut in , o many place a to render it tra ·ing 

practically continuou at its inter ection with the contact. It continuation 

has al. o been traced through the porphyr above the contact to the urface. 

Winzes have been sunk just north of the l\lain in line to a depth of 100 

feet on the fault fi su re, and from the McD nald . haft 65 feet, a hov; n in 

ections A and B. Examinati n of th e working , and de cription of 

them wh re they were no longer accessible, re11der it Yery evident that 

the faulting has been po terior not only to the intru ion of the porphyry, 

but also to the depo ition of the ore. 

I t has been oberly maintained by some xpert when te tifying in 

law uits that the faulting wa previou · to the rnption of the I orph ry 

and that the latter flowed down over the uc e ·ive b nche formed by the 

fault following their urfaces. A con ideration of the general geological 

tructure of the r gion, where in tances abound bowing that porphyry 

bodi. and dim ntary b d were both folded and faulted together, should 

b ufficient to h w how untenable i · uch a theory; bnt a ufficient refu­

tation is found at thi v ry point in t.he fact . that the fau lt plane can be 

trac d up to the urface through the o erlying porphj r" . 
That the ore wa originall} der o ited previous to the faulting is le s 

lf-eYident, inc in plac there i · a certain amount of alteration of the 

lime ton adjoininO' the fault I lane and since ore ha been actually found in 

the fault fi ure, which often has a width of three feet or more and is £.11e l 

with a dark cla ey ma ·.; bearing a certain resemblan e to vein material. 

The alteration i only ·uch a might have been expe ted from the ac­

tion of urface water pa in O' acr the end of the contact adjoining the 

fault, and con i t ill r ly in a light impregnation or replacement of the 

limest ne by oxides f iron an l mangane e. Thi action extend at most 

only a~ w feet into the lime tone and i confined to tL region comparatively 

near the urfa.ce. Had the orig·inal ore-bearing cunent actually followed 

th plane of the fault, ore depo ition would have extended to a mu h greater 

clistan e into the body of the lime tone from the fault plane than from its 

upper surface, ina much as far ea ier ac e s to percolating waters would 

have b en afford d by the numerou bedding piane . 
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As regards the question of ore found along the fault plane, it may 

readily be concei ' ed that in the dragging mo ement of th edg_ - of two 

immen e bodies of rock, the one against the other during the fault li -

placement, a very con iden.1.ble amount of the adjoinin o· roc] could be broken 

off and carried along for some di tance from it original po ition. The 

greater part of this materi al would be clay from the porphyry, but with it 

"ould be mixed a certain amount of lime tone and or . The cir ulation 

of water from the contact plane on either ide, and th r for carr ing m re 

or le ·s mineral matter in solution, might occa ion a e ondary r plac m nt 

of thi lime tone by ore. It i even conceivabl that in contact 'vith the 

inorganic matter, which mu t have been pre ent, ulphat mio·ht have been 

reduced to ulphide and galena have been d po ited, but, unle the mineral 

were found in the lime ton out ide of the attrition materi al of tb fault 

fi ·ure, it would not be a proof that it was an orig inal depo it b for the 

fau lt movement.1 

1 In tho years that have elapsed iuce this wn fir t prepared for th o pro s, a new shaft ha been 
sunk 110 feet south of the l\1ain iucliue for 1be purpose of xploring th fault plane. The data ob­
tained from this by personal observation and from information furnish ed uy Mr. F. T. l!'r eland, 
engineer of the mine, <ond who was pr sent duriug all the xplorations, fumisb a r markable con­
firmat ion of the above views. Tho shaft wa sunk to a vertical depth of 306 feet, but at an angle of 
500 ; drifts were run on the fault plane at four level , that on the second level ba,, ing a total length of 
2,000 feet. In this level the sharp eastward bend of the fault plane ha · practically d i appeared. On 
the fi rst level, which corre pond to the third level of the Main incline, a considerable amount of ore was 
obtained from the lower ore body. Ore was also ol>taiued at various depth ou tho fault fissure below. 
thi s Je,,el . In regard to this ore, the following facts were oi.J erved: FirHt, th e ore wa.s always found 
wi thin the walls of the fault fi sure; secondly, it occurred iu masses rounded as if by attrition, and evi­
dently foreign to the clayey filling of the fi ure in which it was imb d<l ed; t hirdl y, no ore was found 
outside of t wo vertical planes drawn thTougb the intersection of the bonnd:u ·ies of tho main Iron wine 
ore body with the fault plane. It is interesting to compare the actual section oi.J t ain ed in this shaft 
with that gi " o in Section B, which was a. theoretical deduc tion from lata oi.Jtniued at other points. 
The angle of the fault wa s found iu depth to average 50° , in tead of 65°, as l1ad been deduced from 
observations near the nrface. 
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NORTH IRON HILL. 

Atlas Sheet X~VI show" the topograph , geology and principal mine 

developments of the northern end of Iron Hill, overlook ing Stray Hor e 

gulch, and form , as aforesaid, really a portion of the main map of Jron lill . 
In this region ore was first di covered on the Camp Bird claim in th 

autumn of 1876. At present the principal mine working belong to two 

companies, the Al:gentine and the Adelaide, the former of- whi h own the 

Camp Bird and PincJ claim , and the latter the T rrible and Adelaide claim ; 

the latter overlaps those of the former company, a fact which ha gi' n 
ri e to much litigation. 

General geological structure.-A compared with Iron Hill prop r, it geo­

logical tructure i one of extreme coruplexity, and also diffi ult of exact 

determination, fqr the reason that underground working are few and 

acce sible in but a comparative}) mall portion of the area. 

In the region we t of the Iron fault the t:ructure indicated on the map 

is deduced from data obtained outside of it area, and to that extent is 

theoretical. That the Blue Lime tone ba in up to the eastward as it ap­

pr ache the fault i 1 roYed in the DeYlin shaft, whi ch reached it at a 

d pth of 200 feet, and in the Highland 1\Iary and other hafts, in Stra) 
l ors o-ulch ju t north of th limit of the map, ,,.hich found it till nearer 

the urface. "rhe outcrop in dicat d in the north,Ye t corner of the map is 

a portion of the Blue Lime tone, sp lit off from the main body, corre ponding 

t that cut in the ga iz and adj oining ·hafts, and forming the outh end 

of th Little Stray Hor e Park ynclinal ba in , a , explained in Part I, 

Chapter 
Ea t of the Iron fault the formation rise lightly to the northward, o 

that their trike a sume a mor ea terly and we terly direction and dip to 

the outh and east. Ry the ero ion of Stra) Horse g ulch, on the lower 

p<~rt, of the teep northern slope of Iron Hill, a ucces ion of Paleozoic for­

mations down to the Lower Quartzite are exposed, 'vhile by the movement 

of the Adelaid fault, which crosses the northea t corner of the area mapped, 

a till lo,ver serie of beds is exposed beyond it. 
l\1:0N xn--2G 



402 GEOLOGY .A "D MINING INDUSTRY OF LEADVILLE. 

The mo t tt·iking peculiarity of the tructure i the cutting aero s of 

the Blue Limestone formation by the \Vhite Poq h r), thi r o·ion bein<Y 

on the line already mentioned as extend ing from Fryer Hil1 to W t 

Sheridan, where this cutting down of the \Vbite P orphyry sheet occur . 

lts effect is gra1jhically shown on tlas Sheet XXVII, Sectiou B. It will 
be ob erved that whereas at the outb end of the section the White Por­

phy ry occur , a it generall y doe , above and parallel with the Blue Lime­

stone, at the north ern end, where expo ed by the working of the Argentine 

mine, it cro es the ba set edges of th Blue Limestone, and at the outcrop 

it 1 robably come in contact with the underlying Parting Quartzit . A 

the remainder of the Blue Lime tone1 above the cro s-cutting of the White 

Porphyry, has been removed by ero ion , it i not po ible to d termine 

whether it wa mineral-bearing or not. far a" determined by the pre, ent 
wQrking. the clepo ·ition f the ri her ore has <YOn e on, not a is rdinarily 

th e case at the contact of the \Vhite P orphyry with the Blue Lime ton e, 

but at it contact with the P arting Quartzite. 

·Iron fault.-In thi area the Iron fault i trnck in the Iron Hat haftt 

and on the Codfi h Bal l claim by a haft and tunnel. Beyond thi claim 

to the northward it loca tion i · only approxi~ate, though beyond the limit 

of the map it is determined very c.lo ely by adjoining haft on either side. 

It movement is the arne a it was at the south, namely, an upthrow on 

the ea t, but the amount of that throw is con tantly decrea ing a one 

goe north. 

Adelaide fault.-The location of thi fault i also approximate, owing to­
the infrequency of hafts in its neighborhood, and al o to the fact that it 

often ha porphy1 y on either side. Its movement is a light upthrow on 

the northeast. Its location is determined by the eli crepancy of the forma­

tions di closed by the Lanra Lynn, Park, and adjoining shafts in Adelaide 

P ark, and by the Double Decker group of hafts opposite the Argentine 

tunn 1, on the one side, and by the workings of the Adelaide and Argentine 
mine on the othe1;. 

Rock formations .-The sedimentary formations disclosed in this area are· 

the arne nccession of Paleozoic bed , from the Lower Quartz-ite up to the 

Blue Limestone, that outcrop on the southern end of Iron Hill. 'fhe por-
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phyry masses are, however, much more varied and numerou . It may be 
safely a sumed that they are mostly intrusive heets, but the underground 
working are not yet sufficiently exten ive to determine whether they may 
all be considered . o or not. A has ah·ead y been no tic d in the general 

description, Part I, Chapter V, there i rea on to suppo e that one body of 
Gray Porphyry, exten ling from delaide Park up the outh slope of Yankee 
Hill, has cut ur aero s the formations from below. 

The different bodies of porphyry that have been thu far disclo eel in 
thi portion of the bill may be enumerated a follows, comm ncing with 
those which tand the higbe t in geological horizon: (1) The main body 
of \Vbite Porphyry overlyino- the Blue Lim ston ; (2) a econd beet, cut­
ting a ro s the ban et edge of the lime. tone and connected with No. 1; (3) 
a small body of Gray Porphyry between No.2 and the Parting uartzite; 
(4) a thin , be t of White Porphyry, plitting the Parting uartzite into two 
part ; C) a heav body of Gray Porphyry, with two smaller beets, prob­
ably ffsboot , above ancl below it, re pectively, all three in the W~1ite 

Lime tone; (6) a lower sheet of White Porph ry, al:o in the White Lime­
stone. The di tribution of thes bodie and their probable ex tent can be 
be t en by reference to Atla h et XX\ II. 

ction A, drawn at an oblique angle to the strike, pa se fir t through 

the Argentine ground and then thr0ugh the Adelaide, bowing the dis­
tribution of the ore bodie in th latter. tit outhea tern xtremity only 

'Whit Porph 7 r · is given a cnt b it, a it is uppo ed to be in the trike 
of the cro ·s- uttino- body of thi. rock. In the entire want of any actual 

lata thi th 01·etical repre entation may not be absolutely correct. The 
. Blu Lime tone i . plit into two wedge-shaped and probably overlapping 
bodie . The upper or nortbea t portion has been eroded off in the Adelaide 
and Argentine ground. ·whether it ha al o been removed here, as repre­
sented in the section, or whether a portion honld be hown in the ·white 
Porphyry, can only be determined by actual development . The lower 
wedge-shaped portion of the Blue Limestone, ex~ending to the south and 
west in normal contact with the Parting Quartzite, is supposed to come in 
a short di tance southwest of this line, as shown in Section C, who e eastern 

end is nearly in the plane of Section A. 
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Section B, drawn approximately th1·ough the line of the Argentine 
tunnel and at right angle to the line of strike, give the best repre, entation 

of the geological structure, the line having been determined by car ful 
mea urement. Section 0, on the other hand, i rather a theoreti al repre­
sentation of what ma) probably be found on this line, r a oning from what 

i ob erved on either side of it, there being no underground exploration on 
it plane. 

Ore deposits.-Depo ition of ore in thi region ha been extr m l in g­

ular, a' might have been expected from the complicated natur of the 
different intru ive bodies which have traversed the edimentary formation . 
The main body of rich ore thu far eli covered ha been, a already men­
tioned, at the contact of White Porphyry and Parting Quartzite. 'Thi i 
found mainly in the Camp Bird and Pine claim , coming actually to the 
urface a an outcrop. It is not improbable that thi and the mall bodie 

£ und in the Adelaide mine are the replacement of i olated portion of the 

lue Limestone, detached from the main body by the intruding porr h ry. 
Tbere i evidence al o of con iderable replacement action all alon ~Y the 
contact of the White Porphyry with the Blue Limestone, both on the ba et 
edge and on the upper surface of the latter. 

In the Adelaide mine, a hown by the developments of the Y\T ard 
and Adelaide hafts, the ore occmT nee i extremely irregular. Lenticular 
bodie~ or pocket of and carbonate are found between the "White aud 

Gray Porph) ry and at the contact of the latter with the Parting Quartzite. 
!Ioreover, at the bottom of the Y\ ard haft a con iderable body of vein 

material i . aid to have been opened in tLe lower Gray Porphyry, from 
\vhi h some silicate · of copper were obtained. At the time of vi it the ·e 
workings were abandoned and could not be examined. The ore in general 
1· carbonate of lead, with the usual gangue of iron oxide, but here rather 

iliciou , as might be expected from the country rock. The~asses of and 
arbonate found in the Adelaide mine are remarkably pm~, and have the 

appearance at a little distance of a white quartz sand. They contain, bow-
ver, but little silver. A complete analysis of a specimen of one of these 

may be found in Appendix B, Table VIII. It contains about 95 per cent. of 
carbonate of lead, with a light admixture of pyromorphite or c.hloro-phos-

pbate of lead. ,. 
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~!Th""E WORKL'IG • 

The underground working of thi portion of Iron Hill are almo t 

exclu ively confined to the Argentine and Adelaide mine . 

Argentine.-Tbe Argentine mine i opened by the Camp Bird and Argen­

tine tunnel and the Loker an l H)711e shafts. The old working on the 

Camp Bird claim are now mostly abandoned. The ore wa found. quit 

near the surface, re ting on the P arting Quartzite, which i here 30 feet 

thick and contain no White P orphy ry, as it does in the rgentine. Tbi 

contact doe not seem to have been fo1lowed in depth. Indeed, th o· o­

logical relation of the ore bodies were o li ttle und r tood in arl y tim 

that no systematic exploration could be carri ed on. 

In the Pine claim the main ore body wa al o fo und near the urface 

and above the level of the Argentine tunneL It wa afterward traced down 

along the dip outhward to a level 0 feet below the Arg ntine tunnel, 

then on thea 'tn ard into the Adelaide chlim, following nearly the line of the 

. trik , but ri ing a lit.tle- tha,t i , diverging to the a tward. 

Argentine tunnel. -Ore i extracted through th rgent.ine tunnel, the 

Lok r haft being u eel simply for ventilation purpo es This tunnel is 

ov r twelve hundre 1 £ et lono·, running :first a li ttle ea t of south and then 

b nding to the we t of outh. It ro e. the delaide claim , on agreem nt 

\Yith that eompan , in order tO expl re the groun l beyond. rrhe geological 

tru tur , a xr o cl by thi tunnel, was for a long time a omplete 1 uzzle 

t tho e who wer workino· the mine, owing to the difficulty of eli tingui bing 

the diffi r nt ro k from one oth r when bleached and altered. Even now· 

< cl1emical t t i often nee ary. ft r 1 a sing through surface W a h the· 

tunnel cro e th upper I art of a body of Whi te Porphyry into White­

L ime ton . bout SEW nty-:five feet from the mouth a mall gash vein in 

the poq hyrv, arry ing o·alena, i aid to ha' e been found, upon which a 

winze was unk. In the White Limestone a narrow beet of blui h-gray 

porphyry is £ und before the tunnel enter the main body of Gray Por­

phy ry, which at the contact i · quite bleached by decom_position. orne 

iron-.tain d vein material is al..o found on the contact. Beyond, the tunnet 

agrtin pa ses through White Limestone for 1 0 feet, another mall heet of 

porphyry being cut about midway in thi eli tance. Parting Quartzite and 
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White Porphyry are then cro ed, these being lik wi v ry difficult to 
di tinguish from each other underground. At the Blue Lime tone conta t, 

which occurs at the bottom of the Loker shaft, no ore i found ou the tunnel 
level. A drift run off to the ea twru:d about one hundred and tweuty-fi ve 
feet from the Loker shaft, through which the ore tope both abov and 
below are rea bed. From the Loker haft the tunnel run for about five 
hundred feet in the Blue Limestone, \vhich ha' an average dip of 15° to 20° 
to the southeast. Where,·er rai e haYe been made to the porphyry above, 
barren vein material has beep. found. This also reaches the tun~elle' 1 at 
times, following bedding or joint planes in the limestone. In one ca e a 
drift and winze have followed a. considerable mass of vein material in the 
limestone, but without finding pay ore. Near the end of the tunnel the 
normal contact between lime tone and porphyry i cro eel. The limestone 
i here of lighter color, earned with white ca.lcite, and omewhat brecciated. 

At the bottoJ?l of the Hynes shaft, with which the tunnel is intended 
to connect, drifts ha.ve been run upon the contact, disclo~ing some vein 
material. 'I he dip of the formation is here shallower and to the southward. 
Above the contact are found quartzite and shales, belonging to the Weber 
Shale formation, between it and the White Porphyry, a in the Bull Eye 
and Lime claim . 

While the pay ore in this mine ha been found at the contact, not of the 
Blue Limestone, but of the Parting Quartzite, it does not, so far a known, 
extend between the e two formations. This would readily be accounted for 
on the theory that the e ore· bodies are the replacement of a portion of Blue 
Limestone left between the Parting Quartzite and the White Porphyry at 
the time of the intrusion of the latter. 

Adelaide.-The ore bodies in the Adelaide mine are much more eli con­
nected and irregular than in the Argentine. The mine has been mainly 
worked by a number of isolated shafts, and owing to complexity of the 
g ological structure the ore bodies have not been systematically followed, 
so that, as many drifts were closed at the time of visit, the geological data 
are less complete than could be desired. The main difference in the forma­
tion between this and the Argentine is the occurrence of a. later intrusive 
sheet of Gray Porphyry between the White Porphyry and the Parting 
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Quartzite, which seem to be somewhat irregular in form and f limited 

ext nt. The ore occurs both abo ,·e this body, bebveen i and the '\ bite 

P orpb't ry, and below it, or at it contact with the arting Quartzite. A 

fragment of unreplaced Blue Limestone i al o found r ting on the Part­

ing Quartzite and eparating it from the overlying '\Vbite orphyry. This 

would eem to indica.t the po ibili ty that many, if not all , of the ore 

bod i ·· a.re the replacement of similar fragments ~f limestone left by the 

irregular cutting of the I orphyry . 

The f'O-C<tlled d.el~ide Di covery i a tunnel about fifty feet ea t of the 

smelte r, adjoining tray Hors gulch H ere wa an outcrop of thr e or 

four feet of hard carbonate ore, dipping 15° to 20° to the outhea t and 

re ting on P arting· Quartzite. The tunnel, which tart in a little abo,· the 

outcrop, ran into Blue Limo tone, and a winze from it end i aid to have 

struck the qwartzite below. . 

The mo t important development ' in the mine ha_ve been made in the 

'\Vard haft Thi " ·a unk fir t through 170 feet of \'\ bite Porphyry, 

whi h wa mn h d com1 o eel and for a con iderable distance stained a 

brilliant r ed, appar ntly by anhydrous oxide of iron. At thi depth wa 

a layer of carbonate of lead, below which were 20 feet of' decompo ed 

nt · Porplty ry and a e ond layer of ore r ting on coar e-grained art­

in O' Quartzit 15 feet in thieknes . Below the quartzite wa 20 feet of 

'\Vhite P orph yry, and aO'ain five to ix feet of quartzite, rerre enting the 

balance of the Parting Quartzite formation. Below the quartzite the haft 

pa. sed through 75 fe t of a Yery bar 1, ja pery mat rial, con isting mostly 

of ilica, with onl -about 5 per cent. of oxide of iron, which i a replacement 

of the '\Vbit Lime tone. When this material wa fre hly taken out it con­

tained in seam and cavitie a reddish gelatinou ub tance that re embled 

gelatin ou silica in the proce of depo ition, which would indicate tLat the 

replacement of lime tone and depo ition of siliciou matter are still going 

on. B low thi the G ray P oq hy ry, Yer r much decompo d, wa penetrated 

to a depth of 57 feet. Almo t all th decompo ed iron- tain ed material 

taken from the haft would as ay one to five ounce of ilYer to the ton. 

At a d pth of 330 feet from the surface the porphyry was impregnated for 

some eight feet with ilicate and carbonate of copper; some red ox:de and 

a little native copper w re also found. The ore pocket found occurring 
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above the Gray Porphyry consisted of remarkably pure white and ar­
bonate, free from admixture of clay and showing no galena. A complete 
ana lysis of a specimen taken from this horizon may be found in Appendix 

B. Those below the Gray Porphyry, who e connection with t.he ore body 
in the rgentine mine wa afterwards traced, con i ted of carbonl'lt of lead, 
with iron-stained vein material, and in some ca e , where the ore extended 

down into the quartzite, of unalt~red galena. 
The Adelaide No. 2 shaft found no ore at the conta.ct of the White and 

Gray Porphyries. It was sunk th rough the lower ore body, the upper por­
tion of the Parting Quartzite, the White Porphyry included in it, and into 
the lower body of Parting Quartzite. 

The Terrible No. 2 haft was sunk through Gray Porphyry, P arting 
Quartzite, White Porphyry, and Parting Quartzite again, into th White 
Lime tone. No ore wa, found at the contact, and the White Lime tone 

wa not replaced, a in the Ward haft, but wa A. cry talline rock with orne 

decompo ed iron- tained material at it upper urface, and with layer or 
lenticuiar bodie of white chalcedony throughout it mas , which are char­
acteristic of thi horizon. 

The ore occurrence in these mines is di tingui bed from that of the 
majority of mine in this district by a total ab ence of manganese, a small 
amount of iron oxide, a relatively low tenor in silver, and a more frequent 

occurrence of gold, some of the fragm ent which occur in the quartzite being 
comparatively rich in this metal. The occurrence of copper ore in the 
Gray Porphyry is also exceptional, the neare t analogy being the body in 
th8 Little Johnnie and Uncle Sam, on Breece Hill, ovellooking South Evan 

gulch. 
Double Decker.-On the north side of Stray Horse gulch, opposite the 

Argentine, are the two haft of the Double Decker mine, which have 
obtained from the Lower Quartzite a certain amount of gold ore. At this 

point all the overlying strata have been removed by erosion and the Lower 
uartzite forms the rock . urface. Both shafts have been sunk in this forma­

tion, and one of them has passed through it into the underlying c(y talline 
roek of the Archean. Neither was being worked at the time of exarniT,l.a-· 
tion, on equently no detailed information could be obtained, nor were a~:ty 
data a to amount or value of ore extracted available. 



CHAPTER III. 

0 \.RBO~ATE HILL GROUP. 

GENERAL TR CT RB. 

The geological tructure of Carbonate Hill 1 i very imilar to that 

of Iron Hill in that it is formed by a erie of ea, terly-dipping bed brok n 

on the we t by a line of faulting or eli plac ment. Outcrop areal o expo d 

on it. ·outhern face by the ero ion of California gul h, but in a less com­

plete eri e , owing to its being hallower and proportionately wider, in con-

qu n e of whi h the bounding slopes a.re le ~ teep and more thickly cov­

ered b urface M bri . The fault i nearly parallel to that of Iron Hill, 

and, like it, merg·e into the axi of an anticlinal fold on the north. In the 

uth rn half of the hill, h wever the moYement of displacement i eli -

tributed in I art to a second nearl. - parallel fault a short eli tance to the 

west. Of the outhern continuation of the e faults le ati factory data are 

available, but they are uppo d to merge toO'ether before crossing Califor­

nia guleb, and probably pa. s in to an anticlinal ~ ld und r the Lake bed to 

the outhwest, like the Dome fault, the normal continuation of th Iron 

fault. As on Iron Bill, there i al o evid nee of a ba ining-np of the bed 

of tb relative!) d0\'1 n-tbrown ma on the we t a~ they approach the fault ; 

in other word , of a ynclinal tructure. pon this evidence, which will be 

given later in full, c1 pend the olntion of the important que· tion whether 

ore bo lie~ exi t under the present ite of L ea dville or not. 

Rock formations.- The. erics of beds of whi h the hill i compo eel i e sen­

tially the a rne a that given in the Iron Hill s ction, but the eli tributi n of 

the later int.ru ions of Gray or Mottled Porphyry liffers om ewhat. in detail. 

409 
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Where th se cross the beds, eith er as dikes or sheets, there is a noticeable 
enrichment of the ore bodies. One main sheet of Gray Porphyry i found 

at or near 1he ba e of the Blue Lime tone, which apparently_ cut up t_? a 
higher horizon in different portion of the hill. A second beet i found in 
White Lime tone in California gulch, a hown on the map; but a none 

of the underground workings ha penetrated as yet to this depth, there i 

uo evidence to show whether thi is a di tiuct sheet or merely an offi·hoot 

from the main body. 
carbonate fau1t.-The movement of di placement by faults on Carbonate 

Bill is considerably les than on Iron Hill, though its total amount cannot 
be definitely determined. As in the ca e of the former, the movement 
decreases to the north and the fault gradun.ll) pas e into an anticlinal fold. 
In the outhern portion of the area repre ented on the map this movement 
is di tributed between two fault , the Carbonate and the Pendery. The 
Carbonate fault here runs nearly on the dividing line between the Oar­
bonate and .!Etna claims, cutting aero s the extreme southwestern corner 
of the form er and the northeastern corner of the latter. It is proved in· the 
No. 5 shaft of the .2Etna claim, and in the Meyer haft, which has been unk 
following its plane till the contact on the we t side was reached. A here 
shown, it stands with an inclination of !'lbout 60° west, shallowing some':hat 
in depth and having a movement of di placement of only about two hun­
dr·ed and fifty feet. The hanging· wall has smooth and clearly defined lick­
enside surfaces, while the limestone in the foot wall is somewhat altered. 

'rhe plane of the fault is occupied by selvage material, "hich i slightly im­
pregnated with chloride of silver and contain occa ional fragments of ore . .. 
The plane of the Carbonate fault has also been cut in the lower shaft of the 
Yankee Doodle claim. Beyond that point to the northward it has not 

actually been proved, and is located simply by di crepancie:s of level 
between adjoining underground workings. There is some rea on to a sume 
that to the nortln-vard, in the vV aterloo claim, the movement of the fault 
ha become nil, or is even rever ed, that is, that there is a slight down­
throw to the east, as shown in the H enriett-Waterloo section, Atla Sheet 
XX[X. 
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Pendery fault .- A short distance we t of the Gla shaft, a second fault, 

apparently nearly parallel and having the , arne angle of inclination with 
the Carbonate fault, cut off the lime tone, no exploration west of thi 
line having reached below the White Porphyry. It probable continuation 
has been traced outhward to a connection with the· Carbonate fault, and 
northward through the Wa hburne and St. Iary working., where it appear 
to be accompanied by minor fault and fo ld , into a probable anticlinal fold 
running north through the Nile -Augu ta, and then northwe tward, opposite 
the Half Way Hou e claim. 

~orning Star fault. -In the workings of the Morning Star mine a mall 

fault i found (shown in Section C, Atlas Sheet XXIX), in which the down­
throw is to the east. It i probably only local in character and COlT pond 
to the harp bend in the beds ob erved in the Evening Star and Catalpa. 
It wa only ob en eel at one point, and i not therefore indicated on the 
urface map , a it direction would be pu rel hypothetical. 

Ore deposits.-The material composing the ore deposits of Carbonate 

Hill are entially the arne a tho e of Iron Hill; they may perhaps be 
aiel to be poorer in base of iron and mangane e and proportio1o1ately richer 

in silica; th refore le favorable for the melter· but this characteristic is 
rather one to be confin cl to individual mine or part~ of a mine than applied 
in · a general wa ' . ilica o curs le . frequently as chert and more com­

monly a aver; finely granular and omewhat porous quartz rock than on 
eith r Iron or Fryer Hill. The or i either galena or it secondary prod­
duct , carbonate of lead and chloride of silver.- In one· instance native 
silver ha been found. Dechenite, or the vanadate of lead, has been detected 
in ore from the Evening Star and Iorning Star mines by Dr. M. "\¥. Iles. ' 

Exceptionally good opportunites are offered for ob erving the action 
of replacement and the gradual passage from dolomite into the earthy 
oxides of iron and mangane e. The workings not yet having reached the 
great distance from the surface that they have on Iron Hill, no such definite 

vidence is found of decrea e in the action of smface waters producing 
oxidation and chlorination of the original deposit . The limit of the zone · 
of oxidation would, moreover, be expected to be farther from the surface on 

account of its lower altitude. 

1 Atn ri cau J ourunl of 



412 GEOLOGY .AND !\fiNING INDUSTRY OF LEADVILLE. 

Southwest slppe of Carbonate H:n.-The detailed map of Carbonate Hill (Atlas 

SheetXXVIII), while including- the principal mine. , covers only the northern 
portion of the western · lope . Fm· the geology of the outhern portion, 

in which a yet no ore bodies of importan e have been developed, refer­

ence mu t be had to the general map of Leadville (Atla.' Sheet XI ), on 

which the limits of the detailed map are indicated. South of these limi t 

the Prospect incline, the Ro ebud and Deadbroke tunnels, on the north 

side, and the Jordan and Swamp Angel tunnel , on the outh ide of Cali­

fornia gulch, follow the upper surface of the Blue Lime tone. While thi 

smface shows evidence of mineralization in the characteri tic iron- tain d 

material generally found at the contact and in the frequent occurrence of 

the so-called Chine e talc, supposed to be the product of the alteration of 

the porphyry by min eral solution , it ha thus far been found comparativel 
barren of ri ch ore bodi . In the Prospect incline, about three hundred and 

eventy-five feet from the mouth, the urface of the lime tone, which had 

hitherto been wavy, as it i generally found, uddenlydrop down almo t per­

pendicularly for 125 feet; 60 feet far ther on in the line of the inclin , ho'iY­

ever, the limestone is found foP.owing it normal dip to the ea tward. Thi 

is apparently a very harp fold in the lime tone, accompanied by a certain 

amount of faulting. It is approximately on the line with the harp fold 

which will be described hereafter a running through the Carbonate and 

Yankee Doodle mines, but the accumulation of rich ore, which in thee 

mine is found above the fold,~ h re w_a:nting. 

The only actual rock expo ure in this region is that of the ·white 

Lime tone in the quarry on the north ide of California gulch. From a 

pro pect hole sunk by placer miner in the bed of California gulch , above 

the flume, cast of a Rhynconella, in a sandy white limestone, are obtained. 

Of the two porphyry sheets which are indicated here, the upper one, 

near the base of the Blue Limestone, has been traced from the Irish Giant 

shaft to the Silver Star, and from that, a little below the John Harlan, across 

the gulch to the Logan and Broadway haft , on the south side. This i. 

evidently the same sh et which to the north occurs near or at the base nf 

the Blue Limestone and in the Henriett and Waterloo claims cuts up acros 

it into the White Porphyry. The lower sheet of porphyry 00curs in the 

.... 



SOUTHERN SLOPE OF CARBONATE HILL. 413 

V\ bite Lime tone and is best expo ed iu the bed of California gul b. It 

do s not seem to extend far up on Cnrbonate Hill, a it nas not tru k in 

the O'Donovan Rossa haft. Parting Quartzite, which forms th upper part 
of the Silurian lime tone, i here ver) coarse-grained. . 

The eviden e for determining the line of the Carbonate fault in thi 

region i · not very plentiful. A shaft and drill-hole ha' e been sunk on the 

northern bank of California gul h, outh of the Ran·i on m lter~ to a depth 

of 200 f et in "'White Porphyryt an<.l are thu · ev idently to the we t of the 
fault. The Blind rrom shaft, on the road south of th California tunn l, 

which wa unk 130 feet in V\ bite Porphyry i al o we t of th e fault; 

while another haft, 0 feet outh oftbi , '"a unk in ilurian lim e tone and 

i hence east of the fault. The California tunn 1 (T-4 ) ha be n run into 

the hill about even hundred feet in a direction E. 15° ' ., or magnetic ea t. 

Th fir t 5 - £ et it i in T\ bite Porphyry, from which it pa es uddenly into 

th Blue Lime ton , aero a clay elYag . Thi i uppo ed to be tlle line 

of tb P ndery fault, although the av rage dip i only 30° to the we tward, 

an l it might po ibly be . u ppo d to be a folding- of the lime tone down­

ward in that dir. ction. nfortunately the bedding plane are not uffi­

ci ntly di tin t at thi · point t determine the que ti on of a we terly di1. 

'l her seem to be littl e doubt from th e ex ten i Ye licken ide mfaces, that, 

' n if th re be a '"e terly dir, th r ha also been con iderable faulting 
m v m nt. Th tunn lrun for th e r t of it · extent in Blue Lime tone, in 

'"'hi h, towar 1 the end, the bedding be orne quit di tin ct and the dip 
::1 um th normal angl of 20° to th It i vid nt from its 

1 wer position relative] to the out rop of tlle Blue Lime tone on the hill 

ab v that tbi i a ontinuation to the outh of the portion of that bod) in 

the .Mtna claim which i · " e ·t of the arbonate fault and b tw en it and 
the nder) fault. The line of the arbonate fault ha therefore been 

drawn on the map ac ording to thi indication. It wa observed that the 

timber · upporting the roof of the tnnnel from it mouth to the lime tone 

(which, owing to the soft and yielding character of tbe porph ·y through 

which it run , were placed exceptionally close together) had a light and 

uniform inclination of 5° from the perpendicular to the we t. It i ' not to 

be upposed that they were originally placed in this I o ition, and the infer-
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ence is therefore justifiable that the ·whole rna s of rock aboYe the tunnel 

ha had a light movement to the we tward ince the tunnel was run. 
'I he underground working of Carbonate Hill may, for convenience of 

description, be divided into two groups: 

1. A outhern, includincr the arbonate, Little Giant, and Yankee 

Doodle claim , to the ea t ·of the main fault, and the 1Etna, Glas -Pendery, 

and other claims, below or to the west of it. 

2. A northern group, including the Ore cent, Catalpa, Evening Stru·, 

Morning Star, Waterloo, H enriett, and adjoining claims. 

OUTHER GROUP OF MI ES. 

The de cription of Carbonate, like that of Iron Hill, will commence 

with the southern end, rever in cr th e order in which the sections are lettered , 
b ecause the claim at tbi ncl were fir ·t pen cl a1 cl b cau th g ol g­

ical tru ture i more cl arl) and ea ily hown in their workings. In the 

Carbonate, Shamrock, Littl e Giant, and Yankee Doodle claims, ea t of the 

fault, the principal development' have been made on what is practi ally 

one ore body, running in a northea terly direction from it outcrop on the 
Carbonate claim. A noticeable feature of the tructure i that thi ore 

body i bounded on the soutbea t by a prominent fold in the lime tone, 
which bend down very harpl y east and, ri ing ::~.gain, form a narrow 

trough. Tbi i clearly hown in the Carbonate incline, ection I, Atlas 

Sheet XXX. The region to the outhea t of this fold has thu s far proved 

barren of ri ch ore, althOlwh exploration · have hardly been carri ed out to a 

sufficient depth to warrant tLe conclu..ion that another bonanza may not 

exi t in that dir ction. In the Yankee Dooclle and Little Giant claims the 

ore body is narrow, but widens out a it approaches the urface in the Oar­

bonate ground,. with intermed iate barren streaks which approximately cor ­

respond to minor folds more or le parallel with the main folds above 

mentioned. Practical evidence of the actual replacement of limestone by 
vein material is extremely common and well defined in the mines of Oar­

bonate Hill. These, as will be shown in the detailed descriptions of mines 

which follow, are found in the sudden deepenings of the ore bodies on the 
limestone side of the contact plane, which by the miners are often con-
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founded with actual wa.ve in the limestone it lf. Careful examination in 

uch ca es eli clo es the fact that the contact line is either not curved at all 

or only to a comparatively limited extent, while the ore impregnation 

extends downward abruptly to a very considerable depth, sometime::; ixty 

or eventy feet, into the body of the lime tone, from which it is separated 

by a tran ition zone, barren in general of pay mineral and consi ting of 

limestone more or le impr gnated with oxi ie of iron and manganese. 

The fir t ore eli coveries on Carbonate Hill were made on the ground 

of the pre ent Carbonate claim in the vicini ty of the Old incline. The 

claim form part of the propert3 belonging to the Leadville Con olidated 

Mining Company, which own a well the adjoining claim of the Shamrock 

and W t Shamrock, and al o, by a recent con olidation, the Little Giant. 

For purpo e of de cription the adjoining claim of the Yankee Doodle will 
be con. i iered a forming part of this group, a the working of thi mine 

nr conne ted with the other and the ore bodie in all these different 

claim are practi all) continuou . They are ituated on the western slope 

of arbonate Hill midway betw en it te per outhwe tern and more 

o·entle north we t rn inclination . In the outhern portion of the Carbonate 

claim, a '"ill be e n b re£ renee to the map, b r the Jiv rgenc of the 
line of fault from the line of conta t f th upper surface of the limestone 

and porph y ry , a z ne of lime~ tone, widenin o· to the southward, i exposed 
beneath th lid .t The a ·tual po ition of the main fault line ha not been 

traced b . -ond the o. haft of the 1Etna mine. I t exact position to the 

outh of thi point is therefore omewhat hypo hetical, the general direction 

being given by the dev lopments of pro pect ·haft on the south slope of 

t he hill, beyond the limit of the map. The actual outcrop of the ore body 

along the outhern line of the Carbonate ciaim i al·o somewhat difficult to 

define, there being h re one of the light fl exure in the limestone, of which 

mention ha already been made, who e axi is at an angle with the fault 

line, cro ing it omewhere in the neighborhood of the new (Meyer) haft 

of the 1Etna and from that point diverging to the outhward. In the 

workincrs of th ..iEtna mine, which were parallel with and contiguous to 

the side line of the Carbonate,· the ore body i said to have been practically 

hori:wntal on an east-and-'\ est line for a hort distance, and even to have 



416 GEOLOGY AND MJN1NG INDUSTRY OF LEADVILLE. 

had a slight inclination to the westward a it approa bed the fault. These 

" orkings, being now abandoned and partially filled up, ould not be 
explored. Similar condition are aid to have peen ob ·erved in the develop­
meut of shaft No. 12, near the Carbonate line, vvhile in the Carbonate 
ground it elf, at the Combination incline, the outer p of easterl y -dipping 

bed come practically to the urface at the mouth of the inclin e, and a drift, 
now clo ed up, running we twa.rd from the mouth of the incline, i aid 

to have followed tb~ ore body down on a westerly dip. The condition of 
thi outcrop have been thus fully de cribed becau e it ha been the cau e 
of a long and expen ive law uit betw en the JE tna and Carbonate mine . 
The owners of the 1Etna claimed that they had the outcrop of the vein, or, 
in legal term , ''the apex," within their side line . The owner of the Oar­

bonate, on the other hand, mainta.ined that th ir "as the legal outcrop, 
ina mnch as the re was found at a high er l evel within their side line , and 
that the therefore po e ed the apex" of the vein "'hich i legally 
defined a that portion which i neare t th e urface. The ruling of the 
judge were fir t fa.vorable to the construction of the Carbonate, but were 
aftenvard reversed when it wa proved by actual mea urement that ore 
wa. found within the 1Etna claim one inch higher than at a corre ponding 
point within the Carbonate. 

Carbonate workings.-The outhernmost working on the Carbonate prop­

ertj con i t, fir t, of the We t hamrock incli ne, which lies out ide the 

limit::; of the map, commencing at a. poin t nea,r the southeast corner of the 
Carbonate claim, 240 feet south of the ide line of the map, and running 
pamllel with that ide line 160 feet, inclining into the hill at an angle of 
1 °. This incline has develope l no considerab le amount of ore and is· 
interesting only as honring the character of the formations along the 

conta9t line at this point. The mouth of the incline i opened in a pulver­
ulent, blue limestone, with a floor of chert covered by a thin seam of 
iron- tained clay. The actual contact of the limestone with porphyry is 
probably above the line of the incline, whi ch follows down on the chert 
floor for some di tance, when it passes into solid blue limestone, more or 
less decornpo · d, or in which no bedding planes can be distinguished. 
Small seam , from one foot to two feet in thickness, of decomposed por-
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p hy r3 or clay material are found traver ing the limeston e, and half-inch 
-seams of iron-stain ed clay on the cleavaae plan s. A haft ha · been unk 
on the hill above, which would connect it with the end of the in lin , 
had both been continued_ a short di. tance farth r. A an xploration £ r 
{)re, therefore, the work done here i. imp r£ ct, in a. mu.ch a , although no 
pay ore has been discovered, it doe not definitely prove that it do not 
exist in the neighborhood. The occm-r n e of the e bodie of black bert, 
which are rarely found on the northern por ion of the hill are not uncom­
mon along the southern slopes. While by the miner in many part of the 
di tri ct they are con idered good indi cation of ore, this mpirical test i 
b) no mean infallibl e, although an evidence of pas age of ilicious wat r . 
One hundred and fifty feet below and west of the mouth of We t Shamro ' k 
in cline a perpendicular haft (T-35) ha been unk to a ver con iderable 
depth on the Iri h Giant claim, through Gray orph) 1'} into Blue and th n 
into White Lime tone, without developing any ill?portant ore bodie , though 
an impregnation of the lime tone along the lower urface of the porphyry 
might not unrea onably be expected. 

'I'be next opening to the north is the Combination incline, ju t north of 
th mine office . 'Thi incline ha an average angle of 21 ° , :fl.att ning out a 

li ttle in the upper ten feet. The lime tone comes practically to the stuface 

at th mouth of the incline, being covered '' ith about nine feet of broken 
material or lide. The working· of the incline were abandon ed at the time 
of vi it, and apparently no con id rable amount f ore had been extra ted 

from them. Down to the fir t level, the section afforded by the ip line 
it elf, which cuts the contact between the limestone and the porphyry, , hows 
a wavy outline of the latter. In the fir t drift north, the porphyry i con-
iderably iron-stained and decomposed above the limestone, immediately 

a djoining which i the u ual parting of Chinese talc. At 24 feet from Lb e 
incline are old tope , now fill ed up, in which the formatiott dips down­

ward to the north. The fir t drift south uts through the crest of hort 

wave in the limestone and a bod3 of iron from six to eight feet in thickness, 
while in the face the porphyry goe down with a teep dip to th e east and 
south. Of the sout.~ drift, on the second level, the first 20 feet are in lime­
stone, more or le s replaced by iron oxide, which i succeeded by porphyry. 

MON XII--27 
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The north drift, on the second level, follows in its cmves approximately 
the line of contact between lim tone and porphyry, bending ba k to the 
we. tward nearly under the nd of the drift on the fir t lev l, howino· that 

a lime tone ri lge cro se the in cline in a diRgonal or soutbea t direc6on 
betw en the first and second levels. Below the e ond level the incline 
follows along the edge of the northern ide of thi lime tone ridge for -5 
feet, the north face of the incline bein o· partially in lime tone ~md clayey 
contact material, dipping harply to the north, and the south face in olid 
limestone. Beyond, the lim 'tone dip down to the ea t, and the re t of the 
incline is in porphyr), which is more or le s iron- tained. t the end of the 
incline is a winze unk 40 feet to the surface of the limestone, bowing a 

rapid descent of the limestone to the northea ·t of the ridge, which ha ju t 
been passed through, which is further evidenced by the appearance of bed­
ding planes in the porphyry itself, which incline at an angle of 45° to the 
nor~heast. The drift rnnning we tward from the mouth of the Combination 

incline, which is sa id to have followed the contact on its lope to the west­
ward, was not acce sible at time of visit. 

The Carbonate Old incline run in 170 feet at an angle of 19° and pre-
urnably follow the contact, but it is now clo ed. Solid limestone is found 

eight feet from it mouth, covered by iron- tained vein material and broken 

porphyry. Between this and be month of the Main incline, under where 
the boarding-house now stand , was the ore body from which ore was first 
taken on this ground. The .drift are now filled up and abandoned, but it 

is evident that the body was o~ considerable . ize and very near the surface, 

lying in an approximately horizontal position, that is, near the ere t of the 
fold already mentioned. 

Carbonate incline.-The principal working of the Carbonate mine are 

opened by the Main or Carbonate incline, which descends into the hill for a 
di tance of 620 feet at an angle of 21 ° 30' and in a direction E. 25° S. 
It is one of the comparatively few inclines in the eli trict which have been 
driven traight, in tead of following th e irregularities of the limestone sur­
face, the only true sy tern for an incline from which it i::s expected to extract 
any con iderable quantity of ore, and one which is probably more econom­
ical in the long run, since, in spite of the irregularity of the limestone sur­

face in limited distances, the average dit is tolerably constant. 
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The section afforded by thi incline i extre~ely interesting, a showing 
the irregularities of the lime tone surface caused by undulation or light 
flexure in the formation , :tnd the e are b t een in the graphic illu tration 

afforded on Atlas Sheet XXX, Section I , which ha been very careful ly 

constructed from actual measurement. It wi1l be een by reference to thi 
section that the original surface of the lime tone pre nt a general wa' y 
outline with one prominent fold, which, contrary to the gen ral rule preva­
lent in the major fle:s:ures in th region, bas its teeper ide to the a t. 
The deciphering and reconstruction of the original fold in the formation is 

a matter of orne little delicacy, since the or current have at n irr gu­
larly into the rna s of the lime tone, and the porphJ ry itself is al o orne­
what altered and mineralized. It is evident, however, that the dividing line 
between ore and lime tone i one which mu t be enti rely rejected for th i 
pnrpo e. The parting between ore and porphyry, on the other band, in 
spite of occa ional incur ion of ore material into the mas of the porphyry, 
i pra ti ally much more definite, and is that which has been used in deter­
mining the point. in the original urface of contact. One prominent fact to 

be observed in thi ection, and one which eem capable of a certain 
amount of generalization, is that the main rich ore body i found adjoining 
the crest of the prominent wave or fold in the limestone. It would eem 

that along the line of thi sharp fold, which may very possibly have been 
accompan ied by a ·light eli placement, there \vas an interruption in the ore 
current , a i, further eviuenced by the fact that beyond the fold on the 
ea t ide for a very con iderable eli tance, indeed, to the extent of the 

pr · nt developments, there ha been no considerable deposition of pay ore, 
t.he mineralized zone consi ting of a mo t irregular replacement of the lime-
tone by what is known to the miners as black iron, a mixture of oxide of 

manganese with clayey material, which pas es by almost imperceptible 
tran ·ition into coarsely-crystalline black lime tone. In thi lower part of 
the incline i one of the mo t triking evidences of the fact that the ore 

deposit is an actual replacement of a lime tone in place, the walls of the 
incline showing the clayey, ferro-mangani£ rou material penetl'ating il'l'eg­
ularly into the limestone, now in thin, sheet-like bodies, following a cleav­

age or fracture plane and terminating in a point, and now replacing the 
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whole rna for a distance of many feet. The line behveen the unalter d 
and replaced limestone has been accurate} r followed foot by foot, and a 

portion of the north wall of the incline i repre ented on a larger scale in 

Plate XXII, Fig. 3. 
s well as can be een through the timbers of the incline, it upper 

portion is practically in the porph ry and the lime tone do · not act.uall) 
outcrop. Very probably thi is the ere t of a light roll, and it i prac­
tically level at thi point or ma; po ibl have a Y ry light w tern inclina­
tion. The fi r t lime tone a tually seen in [lace i about sixty feet from 
the ·urface, just above a drift ~ hich cro se under the floor of the incline. 
It i evident, however, that the lim stone ri e somewhat to the ·outh, , ince 
it is aid to have been found at ix feet from the surface under the l>Oarding­
hou e. From this point downward to the second level the incline i run 

I ractically in contact material or in decompo eel iron- tained porphyr ' · 
In the econd level outh, about fifty feet from the incline, a lime tone 

floor i found ri ing rapidly to the ea ·tward. 
In the third level ore was found below the level of the inclin e, evi­

dently in a depre ion of the contact line, but the workings are now clo ed. 

The fourth level south, which is still open, runs at fir t in porphyry, a 
eros -cut to the left or eastward cutting the underlying lime tone at a dis­
tance of 16 feet. 'rhis marks the point where the lime tone ri es towards 
th crest of the fold, sho""' n on the in line ection. While in this ection 
the crest is comparatively narrow, it .apparently widen out to the south in 
a broad, dome- haped elevation. At about forty feet from the incline the 
fourth level cuts through a body of hard , compact iron resting upon the 
lime tone, and then b nding to the eastward passes into the so1id limestone. 

At a eli tance of one hundred and twenty-five or one hundred and thirty feet 
fi:om the incline a tr ak of clayey matter was cut, carrying a little ore and 
running off to the ·outhward, evidently a replacement body which followed a 
cleavage or fracture plane in the limestone. rrhe drift then passes again 

into solid limestone, bending off to the south at its extremity, where it 
1 a ses into porphyry, the limestone dipping sharply to the eastward at the 
bend. As will be seen by reference to the map, the drift at this point is 

nearly over the extremity of the south drift on the eighth level. 
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The fifth level south ha only been driven about fifteen feet, being in 
the limestone, whi h extends at lea t that di tance above it floor. 

The sixth level outh fo llows in its windings the contact of porphyry 
and lime tone, which here dips teeply to the ea t and thus define the a tern 
edge of the fold. The contact material on i. ts of a thin treal of man­
ganiferou clay and Chinese talc. At 30 feet from the end of thi drift i 
an uprai eon the right, 30 feet in height, following the almost perpendicular 
urface of the lime tone, from the top of which a pro pecting drift ha been 

run out and is said to have been nearly con nectecl with the drift on the 
fourth level ; the drift beyond this point is in the body of the lime tone. 

On the eventh level no drift has been run to the outhwarcl, the inclin e 
being here enti rely in porphyry. 

The south drift on the eighth level has a g·eneral outhwe t course and 
is cut in a decomr o ed material which seems to re ult from the decomposi ­
tion of th overlying porphyry and of the thin bed of quartzite which is. fre­

quently found between the porphyry and the limestone. It is a reddish 
clayey rna , having a gritty feel and containing fragments both of black 
chert and of quartzite. Within about twenty feet of the point where the drift 
fork the clay ri e uddenly to the roof and the drift pa es into a light­
bin d compo eel lime tone of th~ I ulverulent type, o common in the di s­
tri t, whi h crumbl e. between the finger . The further continuation of 

the ' e drift are entirely in a body of fine-grained limestone of earthy text­
ure, as eli tingui heel from the cry tallin , granular dolomite which i mo t 
frequently found. In the left-hand drift i a tope one et high and in the 
ri ·ht-hancl drift there is a large chamber from ten to fifteen feet in height 
and breadth and orne twenty or thirty feet long, fi·om which limestone has 
been quarri cl to be sold to the smelters as flux. 

The ontl drift on the ninth level follows in its curve the contact 
between lime tone and porphyry, having some black chert in the floor. 

Of the workings on the north of the Carbonate incline those on the 
fir t and second levels ;o~.re now mostly inaccessible. As well a can be 
ascertained, a thin sheet of ore extended from the incline, somewhat inter­
mittently interrupted, a a rule, by limestone rising to the contact with the 
porphyry, whether caused by simple undulation in the limestone itself or 
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by nan·owings of the ore body cannot be_determined. Pay ore was mostly 
in the form of sand carbonates, slightly impregnated with iron oxide , and 
in comparati ' ely thin sheet , having a maximum thickne of about two or 
three feet. Connection was made from the second level to the nd of th 

1Etna incline, to prevent the owners of the latter mine from followin · their 
ore , hoot farther into the Carbonate ground, but is now clo ed up. Bet we n 
the se ond level and the third and fourth i a large piece of comparatively 
barren ground, a indicated by the outline of the ore body giYen on the 
map. These outline , it mu t be borne in mind, are, from the uece ity of 
the case, considerabl; generalized, . it being impracticable to obtain accu­
rate data with regai·d to their definite limits in the pre ent abandoned con­
dition of the working . 

One of the riche tore bodie in the mine was found immediately adjoin­
ing the in line on the north, between th third and £fth level , occupying a 
slight depre ion immediately adjoining the crest of the main fold in the 

limestone. This ore body wa in place two sets high ( orne fifteen feet 
thick), -gradually thinning as it approached the ere t of the fold, a.nd to the 
northea tward spreading out in a thin and comparatively continuous beet 
of and carbonate . In the drift on the fourth level north, a body of unal­
tered limestone rises up in the floor, cutting off the ore about twenty feet 
from the incline; beyond this point ore is only found in detached bodies to 
the west of the drift, while to the ea t it extends in practically continu us 
sheets to the lower levels, gradually taking a steep easterly dip. The north­
ern extension of the drift, after pa ing through a con - i~erable stretch of bar­
ren contact, cuts several mall, unimportant ore bodie ·, which form a con­
tinuation of those developed in the lower level , and at its extremity was 
being run at the time of visit in solid limestone. 

The fifth level is cut for a hort di tance from the incline in the lime­
stone of the fold, then pa se through the clay contact, showing consider­
able slickensides. The contact here is somewhat typical, showing first a 
blackening of the limestone by a certain amount of impregnation by man­
ganese and iron oxides; above this, iron-stained clayey matter, containing 
the usual development of Chinese talc; and still above, a thin irregular body 
of quartzite (Weber &hales), followed by normal White Porphyry. The 
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slicken ides indicate a certain amount of movement or eli placement along 
the steep eastern face of the ridge or fold. At about one hundred feet from 
the in cline the drift bend under that of the next level abov , and from here 
on fo llows in its inuo iti s the line of contact, which has a teep dip to the 
ea tward. F rom the point where the ore is struck in thi drift alrno t to· it 
northern extremity, the ore extends ea tward to the two next lower le' el and 
into the ground of the Little Giant laim, in a practically continuou bod y 
of iron-stained and carbonate ' generally one foot to two £ et in thickne ' 
only interrnpted here and there by ridge of undecomposed lime tone, rea b­
ing up to the porphyry contact. rrhis ore sheet has a teep dip to the ea t­

ward, ay on an average from 25° to 30° , and evidently stand on the ea t­
ern lope of the fold; it would eem, therefore, that the dome-shaped uplift 
in the limestone body between the fourth and sixth level south of the incline 
ha narrowed into a s l!arp ridge in the incline it elf, and that it has then 
be orne a monoclinal fold to the north, the ore ·body Ax tending over the 
li n of it ere t and partly down it ea tern slope into the trough. 

The ixth level north is run for fifty feet on a barren contact, following 

th urve of the lime tone ri dge, then I a es into an ore body extending 
ri crbt and left n ith a steep dip to the ea tward, while the end of the drift 
b nd barr ly to the ea tward and run into the o,rerly ing body, in which 

th _, eastward dip i shown in the rud bedding planes. 
The ev nth 1 vel north for the fir t hundred f et is run in White 

orph ry, more or les iron- tained or decomposed and probably some 
di tance above the contact; lime tone then comes up into the floor, covered 
by a treak of black iron and white Chinese talc a foot in thickne s. Imme­
diately be ond, a body of ore three sets high ha been stoped out, which 
evidently represents the ridge of limestone, now entirely replaced by ore. 
'l'hi , ore ridge at it maximum Leight is only about twenty feet in width, 
having a roof of breccia material con i ting of fragments of black chert 
and quartzite in a matrix of clay and decompo d porphyry. The limit of 
the pay-ore body is found at a comparative!) short eli tance ea t of thi 
drift, the developments on the eighth level showing only a barren contact. 

The north drift on the eighth level follows in it right fork the ea ·tern 
boundary of the trough ea t of the ridge, and is cut in a yellovv ocherous 
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material, which occa ionally passes into limestone, th roof being White 
Porphyry. The left-hand or we t fork in the fir t half of it course i cut 
in White Porphyry and then pas e into a decompo eel, light-colored, and 
iron-stained limestone, which rises to the we t. The drift, after a ri e of 15 
feet over a ridge of dark bard lime tone, pa e into soft clayey material, aud 

then bending to the northward passe through two or three feet of quartz­
ite into a body of Gray or l\1 ttled. Porphyr; , in which it top . Thi is 

the only point in which the Gray Porphyry ha been eli. covered in thi 
mine. No definite idea, therefore, can be formed a to the hape or origin of 
the body. It may be intere ting to note in thi connection, however, that 
farther in the hill, as shown by the development of the Modoc haft, there 
are several bodies of thi Mottled Porphyry intercalated between the differ­
ent bed of lime tone. From this level, immediately adjoining the Main 
incline, an incline drift, following the contact, bas been run we twarcl to a 
point immediately under the fifth level. It i ' now mostly filled up, and is . 

mainly intere ting- a proving the exi tence of the deep trough hown in the 
section. 

From the eighth to the ninth level, a distance of over one hundred and 

twenty feet, no pay ore is found; but, as has already been mentioned, mo t 
intere ting proof is afforded of the fact that the ore bodies are imply 
replacements of the limestone. The 1:eplaced material is largely a black, 
clayey matter, more or less iron-stained and in some ca es passing into a 

reel pla tic clay, which would seem to have infiltrated into the rna s from 

the I orphyry above, while the limestone immediately adjoining this is it elf 
more or les discolored by bl.ack oxide of mangane e. A short eli -tance 

below the intersection of the ninth level, which is in solid blue lime tone, 
the limestone, with its contact seam of Chinese talc, dips steeply down ·to 
the eastward and the incline passes into porphyry. Just at the point where 
the limestone bend downward, a small ore body was discovered immedi­
ately over the roof of the incline. 

Little Giant.-The workings of the Little Giant mine are practically nn 

extension of those of the Carbonate along the continuation of the main 
ore sheet, where it has its steep clip to the eastward between the fourth and 
seventh levels. It i opened by a shaft 234 feet deep and is also connected . 
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by narrow sinuous drift with the fifth level of the Carbonate. Th ore is 

iron- tained sand carbonates, occurring, as a rnle, in thi ker bodie than in 

the Carbonate claim and being rather more irregular in h9.pe. The w rk­

ing consist of a main inclin e, now being driven a li ttle outh of east from the 

bottom of the haft, and of an incline running nearly due ast at an angle 

of 26 ~ , from which level hn.ve been run off at interval of about fifty£ t. 

The richest ore bodie have been found immediately adjoining the Car­

bonate claim on one ide and that of the Yankee Doodle on the other. 

The larger portion of the ground included in the Little Giant claim, which 

lies to the onthwe t of the Sharprock, has not been prospected at all, be­

cau e it ha been considered beyond the outhea tern li mit of the pay-ore 

treak, as indicated on the map. The ground i. probably barren. 
Yankee Doodle.- The Yanke() Doodle mine, ea t of the Carbonate fault, is 

opened by two independent hafts, not yet connect d underground, and the 

pre ent developments are confin ed to the workings from the upper shaft. 

The ore found here i a northea tern continuation of the Carbonate body. 

The upper haft of the Yankee Doodle i 303 feet deep, the first station 

beinO' at a depth of 296 fe t from the urface. Limestone is said to have 

be n truck in t.hi -haft at 230 £ et. The main drift, rnnning· eastward 

from the tation, i cut in olid black cry tallin limestone bowing ome 

repla ement action; but no pay ore i found until the fir t cro -drift is 

reached, at a di tance of 170 feet from the sbaft.1 Twenty-five feet be ond 

thi fir t drift is a v,rinze 30 feet de p, which goes down at an angle of 70° 

to the eastward, following a sudden bend in the limestone, whi h is evi­

dently the arne that has been traced through the Carbonate and Little Giant 

laim , though having a teeper angle. Some ore ha been found beyond 

the bend on either side of the main drift, but none a yet below the winze. 

The principal ore developments have occurred along the boundary line 

between this claim and the Little Giant, where an incline is being unk at 

an angle of 30°. Considerable ore wa found extending upward along the 

urface of the lim e tone near the boundary line. The e developments show 

a omewhat di continuous body of pay ore, consisting of and carbonates 

1 By au oversight in_ the correction of proof the . ectiou (Section G G, Atlas Sheet XXX) shows 
Wbito Pot] hyry, instoud of vein material, belew this drift from this point to the winze. 
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with a small proportion of unaltered galena. The ore he t '"''hich extends 
from the Carbonate into thi ground seems to be gro"·ing narrower and le 
continuous and may disappear entirely to the northeast. It is a ) et, how­
ever, not safe to a ume thi as a fact, for the ground in theY ankee oodle 
claim ha not yet been thoroughl) and y ·tematically pro pe4ted; mor -
o'er, the haft unk on the Exc 1 ior claim, which is nearly in the line of 
th probable continuation of thi ore b dy, is aid to have cut a large body 
of vein material, which, though not rich, is an evidence of mineralizing 
actiou . 

From the middle shaft of the Yankee Doodle, which i about one 
hundred feet in depth, considerable ground ·ha been explored by an inclin , 
from which two sets of levels have been run off Both incline and levels 
are very irregular, following the varying inclination of the contact between 
lime ·t ne aud p rpb •r . 

From the end of the fir t level north a winze wa unk, apparent!; in 
a considerabL body of vein material, in a sudden teepening of the lime­

stone. As it "ill be een by reference to the map and ections that thi 
point is on a line with a similar harp bend in the lime tone, at the southern 
extremity of the drift on the sixth level of the Ore cent inine, where indica­
tions of a body of rich ore are found, it would seem advi aole to have 
pushed exploration farther at this point, with the prospect of developing 
one of the smaller bodies of ore, such a are found to the we t of the main 
Carbonate body, between it. and the JEtna line. 'I he outh drift on this 
level follows a barren contact of the usual haracter, viz, sho" ing black­
ened decompo ed limestone, with the u ual parting of Chine e talc sep­
arating it from the iron-stained porphyry above, which contains fragm ents 
of black chert and quartzite. 

On the second leYel some thin seams of sand carbonate are found to 
the north of the inc1ine, and at ~he ·outhern extremity a onsiderabl body 
of this ore ha been stoped out. This al o is evidently worthy of further 
exploration. It tlm appears that the apparently barren zone 1Jetw en the 
two rich ore bodies or .bonanzas of Carbonate Hill i only a regio1 wlH:re 
the ore i less continuou than in the bonanza themselve , and that everal 
mall ore bodies have been found there, and I robably by a systematic 
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exploration of the · ground many other might be found, e pecially if the 

earcb were not confined to the contact urface alone, but were al o ex­

tended where indications of mineralized jointing plane eem to warrant it, 
into the bodv of the limestone belmY. 

Area on top of hilt.-In the a.rea to the east of the claim of the outbern 

group, on the top of Carbonate Hill, several pro pecting haft have been 
' tmk in the White Porphyry, notably the Excel ior, \Villi am Wallace (300 
feet), '-rip Top (297 feet), Little ell ( 440 feet), The pian ( 400 feet), and 

the Modoc (600 feet) . Of the e, only the Excel ior and Modoc have reached 
the Blue Limestone. :Neither wa acce ible at time of vi it. The Ex el­

sior is said to hftve found a heavy bod of iron-stained vein material, but 
not ufficient pay ore to encourao-e further developments. The Modoc haft 

had filled with water while awaiting better pumping machinery, but from 
data obtained from miner and from evidence afforded by the dump it 
appears that contact with a certain amount of vein material was stmck at 
about five hundred feet. In the little drifting that was done no rich ore 

wa found. The shaft wa unk 100 feet farther, pas ing through the Blue 

Lime ·tone and t'vo intru ive he t of Gray Porphyry included within it, 
a id ally ho,vn in Section I , tlas Sheet XXX. It would thus appear 

that the sheet of Gray Porphyry, which on Iron Hill occur near the ba e 

of the Blue Limestone, i here either cutting across this formation to a 

higher horizon or nding off off boot , uch a are found in some of the 

Iron Hill working . 
Area west of Carbonate fault.-In the JEtna and Glas -Pendery claim ' which, 

with the exception of a small corner of the former, lie west of the Carbon­

ate fault, little pay ore ha been found on the contact; but the main ore 
bodies occm· within the rna of the limestone, extending to a depth of fifty 

£ et or sixty feet below it urface. 
Ore wa fir t discovered in a nearly vertical body, cro sing the lower 

part of Gla No. 2 haft in a southeast direction. The development of 

this body led to the di covery of other larger and more irregularly- ha-p d 
bodi extending beyond the .lEtna. line. These were worked by the Gla -

· Pendery owners, and much ore was taken from the .lEtna ground before 

the owner of the latter were aware of its exi tence. It wa on account of 
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the litigation arising from the claim of_ damages by the JEtna mine that 
admission to the Glas -Pendery mine wa for a long time utterly refused, 

only a ingle ha ty visit being finally con eded for the purpo es of this 
work. This refusal was particularly unfortunate, as the information to be 
obtained ltere ha a mo t direct bearing on the que tion of the existence f 

ore further west under the city of Leadville. 'rhe exi tence of the Pendery 
fault, on which an incline is unk 100 feet below the main level, wa , how­
ever, ascertained beyond a doubt, with the strong probability of a light 
western dip in the limestone adjoining the Pendery fault. (See Sections 
H and I, Atlas Sheet XXX.) Had the incline on the P endery fault been 

continued, there seems to be little doubt that the lime tone would have 
been struck in it at no very great depth, and definite data could thu have 
been obtained in regard to the ore horizon under Leadville. 

The ore body which pas es through the Gla shaft se ms to have been 
a fracture or :fi ure in the limestone, partly filled with White Porphyry 
from the main sheet above. A section of it where it eros eR a drift north­

west of the shaft is given in Fig. 2, Plate XXII, in which it i · een th::tt 

replacement action has followed the walls of the fis ure on either side of 
the porphyry, t.he rich ore being confined, however, to the hanging wall. 

In the JEtna ground a small body of Gray Porphyry is found in the 
drift just west of the main haft. rro the southeast of this shaft the lime­
stone is singularly bleached and di integrated, but no ore i found. The 
main large ore chambers occur north of this shaft, not far from the Pendery 
line. They extend up in places nearly, if not quite, to the contact plane, 
ancl are wedge-shaped or tapering toward the bottom. The ore in these 
claims is said to have contained little or no lead. 

The Meyer shaft was sunk 50. feet perpendicularly to the fault, then 
followed the fault plane to the contact, from which point a drift was driven 

to meet these large chambers. The fault plane, like that of the Iron fault, 
was found to contain a certain. amount of pay ore, mixed with attrition or 
selvage material, but none was found outside its walls in the limestone. 
The fissure is quite regular in its inclination, which shallows somewhat in 
depth, and is from one foot to three feet in width The evidence here, aR 
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in the Iron fault, hows that the .original ore deposition wa prior to the 
faulting, and that whatever ore i found on its plane v. a brought th r 

mechanically or i the re ult of secondary depo ition. 
North of the P ender and .lEtna workings it wa difficult to obtain 

accurate information in r gard to the underground stru ture of the lo" er 
slope of the hill, west of Carbonate fault. Many pro pecting haft hav 

been unk, a few of which penetrated the porphyry to the underlying lim -

stone, but they hal mo tly been abandoned. 'rhe St Mary' wa the only 
one whi h wa acce ible. From information obtained in thi and b) dili­
gent que tioning of per on 'vho had vi ited the other , it appear that the 
lime tone in thi region probably fall off to the we t in a erie of irregular 
teps or benche , 'vhich may be actual fanlt or harp flexure . The re ult 

a probable dip to the we tward, a indi eated in a generaliz d form in 

ction F and G, the onl break or fold which could be actuall) located 
b ing that a urn d a the northern continuation of the P end r fault and 
whi h wa actually een in the t. Mary working . This fault i uppo ed 
to pa into an anticlinal fold in the northern half of the area mapped, as 
will be xplained below. 

In tb lower part of the Yank e Doodle ]aim are seYeral old pro ' pect­
ing· shaft , now abandon d. 'rhat mark d on the map as the lower haft is 

aid to have found lim ton and ore at about fifte n feet, which wa cut off 
t the w tward by a sudd n br ·ak. The break wa follo,Yed by an incline 
ev nt -five to on hundr d feet farther and work wa then di continued. 

Thi break i ev:identl · the continuation of the Carbonate fault. 

10RTHER ' GROUP OF MINE . 

In the northern half of the ar a hown on the Carbonate Hill map, 
another ore bod parallel wi th that already deseribed, but of much greater 
dimen ion , ha been de' eloped ea t of th line of Carbonate fault, and a 
maller, but very rich body, in ome,vhat peculiar relations, to the we t of 

thi line. • 
Th fir t of theRe bodie extend northeastward from its outcrop in 

the re_ cent claim through the Catalpa, Evening Star, Morning ~tar, and 
Waterloo claim·, and probably he) ond the e in to the g:round of the 1aid 
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of E rin and Brookland claims. It obtains it maximum breadth of about 
two hundred feet and a thiclmes, of pay ore of over fifty fe t in the Ev n­

ing Star ground, v in material having ltere replaced apparently the entir 
thicknes of the Blue Lime tone, which, as a re ult of tbi action, bas 

shrnnk to about one hundred feet. in the arbonate body, th re i · a 
noticeable ·teepening in the dip of the formation b yond the ea tern limit 
of the ore eurrent, but the amount of repla ement by oxidiz d material La 
been o great that the minor ~\ave in the lime tone are lifficult to trace. 

It were too long to enter into a detailed de cription of the worl ing 
in each mine, as ha been done in the ca e of the Carbonate; and, ince the 
map and sectjon repre ent, o far a their cale permit , the re ult of tb r­
ough examination of every drift, only the alient point and general feature 
will be mentioned in what follow . 

Crescent mine.-Th r cent, like the arbonate mine, i worked through 

n long incline, following the dip of the tratification. I n thi ca e, how­
ever, the angle of the incline vari es from point to point in an attempt to 
keep on the contact; but, owing to the irregulariti es of the limestone urface, 
it runs, like the former, now into the limestone foot-wall and again into the 
porphyry above. Its average angle i at fir t 12° to 13°, but 50 feet beyond 
the No. 3 shaft it becomes 20° to 25°, continuing on this average slope 
to a di tance of 00 feet from the mouth. For the fir t 80 feet it run in 

Wash, compo ed of clayey gravel inclo ing rounded bowlders of a ra­
rnento Porphyry ; above the contact are four feet of quartzite, supposed to 
belon g to theW eber Shale ho!jzon. 'I his quartzite is very generally found 
below the porphy ry in this and the adjoining mine to the north. It i 
ordinarily very thin and difficult to distinguish from the porou quartz 
which frequently con titutes the gangue or vein material. As in the Car­

bonate mine, the dip of the lime ' tone is very shallow near the smface, an d 
it is possible that it forms here as there the crest of a fold, but the explora­
tions in this region were unfortunately too few to afford definite data on this 
point. · 

The main ore body is developed between the first and fourth levels 
and extends from the incline in a northeasterly direction to the Catalpa 
line. South of the incline, it was found only on the first level, extending 
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beyond the No. 1 or Black mith shaft, where the lime tone i rising rapidly 

to the surface. It was generally fonnd as a t-hin and ,omewhat irreo·ular 
sheet of ·and carbonate, R.veraging perhaps a foot in thi cknes . Toward 

the C:1.talpa lin e on th fourth level it thi ckened to two and :1. half feet and 

carried 100 to 500 oun e of silver to the ton. Between th upper part or 

outhwestern end of the body and the Catalpa line i, an area which ha · 

proved barren of pay ore, o far as explored, though vein material is prac­

tically continuous through it,· carrying always a c rtain amoun t of silv r. 

On the line of the inclin e,. as is hown in the section, there i a ridge 

of lime tone betwAen the third and fo urth leYels and anoth r ju t beyond 

the fifth. To the north, towards the Catalpa lin e, these two ridges have 

come tog th r, and the steep dip, which in the incline i beyond the fifth 

level, i, here between the fourth and fifth, a the converging of these two 

drift how . Ea t of this line the conta ct ha been fol:md practically barren, 
thotwh ·bowing on iderable replacement materi al, con isting of oxides of 

ir n :1.nd mangan e which all a ay a few ounce in ilver. Between the 

ifbth and ninth level i a d ep trough, produ ced by a fold and possibly 

a comp~ni d b orne di placement, imilar to that in the Carbonate mine. 

winz was unk h re, aid to have been 0 to 100 feet deep, in vein mate­

ri al, but it wa no lonO'er open, and the information is omewhat uncertain. 

Th uth drift on the io·hth leYel run along the edge of this trough on 

the cont~ t, which dip 70° to the a tward. The extremity of the south 

drift on th ixth lev 1, whi ·h fo llow, the curve of the conta t, ri e 20 feet 

OY r the ridge of lim e ton which cro e. the incline below No.3 shaft, and 
find · a mall body of ore, which de rve further pro pecting. 

catalpa mine.-Although the fir t discovery of ore on this ground was 

made in the gos an, or iron outcrop at the urface, the mine wa opened 

through a haft unk high up on the hill, which rea bed the contact at a 

depth of 170 feet and near the ea tern limit of the main ore body. From 

thi explorations were carri d upward to the we ·t, and a econd shaft, the 

New i ·cov ry, ha ]at ly been sunk to develop the ore shoot extending 

up toward the urface, which has not yet been thoroughly explored. 

A. tb surve) s in this mine had been carried on without any ystematic 

determination of level in the drifts, a is often the case in Leadville mines, 
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th outlines of ore bodi e and contact may be les exa t than in oth r 
mines. 'I here ee m to be two ridge in the formation, marked b ndden 
de ent of the ore bod ie to th ea t on th lin of the ection (E ), but 

along the Evening Star line, above the gen ral t p ning of dip at the 
ea t limits of the bonanza, the in lination i mor regular. The vein mate­
rial in thi ground extend to depth of thirty and forty f t below the 
contact, it total thickn e not being in all ca e a c rtainabl , a explora­
tion are eldom extend d in depth a far a the unaltered lime tone. Th 

rich ore bodies ar6 aenerally found in it upper part, n ar th onta t. T he 
former is generally oft and la ey, ornetim , how v r, a hard iliciou 
hematite, and in the vicinit3 of the ore bodie often a grauular quartz, not 
unlike a quartzite in general appearance. In the fain haft 40 fe t of ' ein 
material wa passed through be£ re reaching unaltered lime tone. rr hi wa 

ban n, with tb e exception of a thin treak of gal na, earrying 3'/ 9 ounces 
of il ver to th ton . The lim tone below i of dark olor, g nerally hard 
and crystalline, but ometime oft and pulverul nt containing clay infil­
trated through from above. 

From the bottom of the New Di co very haft 

somewhat_ itT gula,r body one to three feet in thickne 
the ore extend · in a 

to the northea tward, 
and along the Evening Star line is practically continuou ea tward as far 
a the o-called "crib." In the direction of the fain haft it continuity for 
a short distance i broken, but it come in again in the northea t continua­

tion of the Ore ent body , increa ing in thickn e s toward the " rib " on the 
Evening Star line, at the extremity of the drift running north from the Main 

shaft. At the "crib," o called from the stru cture, £lled with wast , u d 
to support the roof of the ore chamber, there is a sudden steepening of the 
ore body on both ide of the line between Catalpa and Evening Star. An 
almost solid rna of carbonate ore, 40 feet thick, was taken from this cham­
ber. It was difficult to obtain de£nite data a to the bounding rock , but it 
is evident that this deepening i due, not to a fold in the limestone, but to 
replacement action extending a little deeper, probably along some £ssure 
or cleavage plane in the lime tone. The general outline of the ore body 
here is shown in the longitudinal Section A, Atla Sheet XXIX, whose line 
passes through this portion of the mines. 
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From the bottom of the 1ain haft an incline started in the lime-
stone for the purpose of exploring the ground to the east; in it the bedding­

planes of the limestone are very indi tiuct, but from data obtaiued at other 

points it is deduced that its dip mu t be nearly 45 ° . 

In general it may be said of the ore bodies of the Catalpa mine that, 

while irregular and pockety, they have been much richer than the thicker 
bodies to the north. 

Evening Star mine.-This claim, located on a narrow strip of ground little 

more than half the normal width of a claim, left between the Catalpa and 

Morning Star, included by good luck the thickest and widest portion of 

the bonanza, and has probably proved more profitable to it owner , a a 

legitimate mining enterpri e, than any other in the region. 

It is opened by two vertical haft , known a the Main and Upper 
shafts, between which the ore body tretche in an almo t continuou sheet 

and beyond which in either direction but little ore has been found. 

Main sluift. --The fain haft, as hown in eGtion D, was unk through 

the White Porph 1'), aero s a g reat tbickne s of iron vein material and 

through an und riving beet of ra Porph ry, into a second body of Yein 

mat rial, at the ba e of which wa found. a th in bed of quart7.ite. This is 

probably a portion of the Parting Quartzite, and the econd iron body is 

therefore the rer lacement of a portion of the Blue Lime tone split off from 

the main body by the intru ion of tb Gray Porpbyr . The fact that this 

underly ing heet has been actually cut here i extremely important, since 

it existence in the outhern portion of the hill, between this point and the 

outcrops on the lop toward California gulch, ha ' been only inferentially 

proved b r isolated rna e suppo ed to be offshoot from it. 

A dike-like body of Gray Porphyry is also cut in the upper workings 

adjoining the shaft. A hown here, it is six feet in width, run' in a north­

east direction, and has a dip of 70° to the northwest. In place , e p cially 

toward the center of the mass, it is in exceptionally fresh condition, its matrix 

being a semi-translucent hornstone like rna s, containing abundant cry tals 

of limpid quartz with feldspar. By decomposition, which i often com­

pleted in a very short distance from the unaltered parts, the groundmass 

becomes perfectly opaque and white, and assumes a mottled appearance 
MON XII--28 
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from the prominence given to mall cry tals of £ ld par and the oxidation 
of the contain ed iron, o that it i not to be eli tingui heel ft:om the average 
Mottle l Porphyry. Thi body can be tra eel but for a hort di tance in 

either direction. It is probably an off hootfrom the main underl ing h et, 
and its po ition sugge t a pos ible connection, or at l a t common origin, 
with that fonnd in the Morning tar ground, although the shap of the 

latter, as shown in Section C, is more that of a beet than of a dike. It 

must be borne in mind, l10wev r, that none of the e later intrusive and 

cross-cutting sheet ha the regularity of the normal dike a it i g n r­
ally represented in geological text-book and further that, a in th mine 
they are eldom exposed in more than a few i olated point , their graphic 
representation on the section i almost entirely ideal and subject to corr c­
tion whenever furth er exploration furni h more fact in regard to them. 
The White Porphy ry in this ·haft was found to be highly d compo ed 
throughout and so tained by iron oxide near the contact that the lin of 
the latter could not be accurate} determined. In it, about fifteen feet above 

the contact, wa found a mall body of ore, consi ting of pyromorphite and 
cern ite, with a little sulphide, fimng the interstices of small black of 

country rock. The rock contained over 80 per cent. of ilica and may 
have been an included fragment of impure quartzite belonging to the Weber 
Shales. This was probably a econdary depo it.. 

. The occurrence of a econd uody of vein material below the Gray Por­
phyry i extremely interesting, a. showing that replacement of the lim -

stone has taken place, at times, below this porphyry, as it bas normally 
below the White Porphyry. In this ca e the body i exceptionally ri ch in 
mangane e, being mainly the black iron of the miner . The jointing plane 

are covered with a coating of fine crystals of pyrolusite. 
Upper shajt.-This haft wa sunk 290 feet through White Porpl1yry 

before reaching the contact.. Here the porphyry wa · hard and exception­
ally fre h, being what is locally known as "block porphyry"; moreover, 
it contained minute crystals of pyrite, dis. eminatecl through its mass. The 
occurrence of undecomposed pyrites in the porphyry is noteworthy in con­
nection with the fact that for a considerable eli tance to the east of thl:) baft 
:here i a clo e contact-that. i . little or no repl~cement on the surface of the 
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limestone. On the limestone surface only about eight to ten feet of' ein 
material were found, which rapidly thinned out to the south and east.1 Be­
tween these two shafts the ri h ore body extends in a practically continu u 
sheet, reaching it greate t thi knes of a,bout forty feet toward the middle 
of the a.:ea. Its ou..tline are difficult to define, sin e the di tinctjon betwe n 
low-grade ore and high-grade vein material ma; vary at different time and 
ince it could not be actually studied in every part; but where drift were 

clo ed information had to be obtained from the miners. It lower urface 
i, ' ery irregular, extending down into the vein material to depth· which 

' ary rar idly in a few feet; the upper limit, however, is more regular, being 
practically that of the contact, though every portion of thi wa · not nec­
e arily rich nough to be extracted. Toward the forning Star mine it be­
comes thinner, but it lateral boundaries widen. Ea t of the Main haft, on 
th line of ection D, the contact is barren, but on the Morning Star line 

the ore ext nds to the line of steepening dip, a it does in the workings 
from the Morning Star pper haft. It i · by no means certain that in this 

r gion th eastern limits of the ore body have been reached, and the out­
lin o·i. ven on the map mu t be on idered merely tentative. The diagram 

in F io·. 1, Plate ../XII, i · taken from the extremity of the incline running 
ea t from the Evening tar Upper shaft and hows a fragment of porphyry 
intrud d into the bod of the lime tone, in thi ca e unaltered; such an oc-
urrence in a r gion of a tiY replacement would account for the Chinese 

tal and lay wbi h might b found entirely within an ore body. 
fl.. o. haft.- Since the completion of field-work an exploring shaft has 

been sunk at tb out rop, whi h, after pa sing through a con iderable thick­
ne , of vein material, i. aid to have found unalt red Blue Lime tone. 
From thi information th tructure as nmed in the ection ha be n in­
ferr d, though, as will be hown in the eli cu sion of the region we t of the 

' iuce tbe compl l ion of fi Jd-work this haft ba been unk 100 f et deeper, cntliug altern:ttely 
throngb solid lim tone and repla emcnt zone· l)arallel with tbe bedding and contain ing iron vein 
mat . ria 1. T be fir t of t ue e zou wa 7 feet thick, occmTing at 15 feet below tl.le contact; tl.te 
s coud wn s tl;) fee t thick, ontaiuing- in tb micldl from 5 per cent. to 20 per cent. oflead and occa­
sional nodules of "alenn. . The limestone on citller ide of this zon was decornpo eel and pnlvt:rnl ent, 
in t he condition l;nown to the min ers n "lime- n.ucl," but tue bedding plane were often till distinct. 
F:·om tb o cl vclopm nts it app ar thn.t t.u~ repl:w meot zon on Section D sho nlcl bn.ve been cou­
linucd fartu r a. t. The sllaft was uot cnuied down to t l.to (hay P rpbyry, to cletermin wh tber 
poy or xi l at its contn.ct, o in lbo Waterloo. 
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fault, there i no certainty that there may not be a decided shallowing 111 

the dip of the formation as it approache the a urued fault lin .1 No 
explor~ttion have been made betw en thi and the 1ain haft except the 

0~ l Di covery shaft, which wa sunk for a£ w £ et in vein material and 
ha long sin ce been filled up and obliterated. 

The ore of the Evening Star min consi t largely of sand carponate 
and hard carbonate, but contain al o a considerable amount of unaltered 
galena. Although les ri ch than that of the Catalpa, it working re ult 
give a high average, which may be e timated at 60 to 70 ounce of ilver 
a ton. As compared with the l\forning Sta ore it run lower in lead, but a 
a rule contain les ilica and more iron and mangane, e, and is, therefore, 
more easily melted. The hard carbonat , which i the character: tic or 
of the we tern half of tb min , is a granular siliciou material f p uliar 
teely or adamantine lu t~r, either cou1pact or porou: and full of cavitie ·. 

An examination of the cavitie with a lens how that they are more or le 
completely fill ed with tran parent cry tals of cerussite and little fl ake of 
chloro-bromide of ilver of pale-green color. The sand carbonate occur 
in streak and len ticular bodie , generally not more than one or two feet in 
thickne s. Chine e talc i occa ionally found, but cannot be traced o reg­
ularly a when the ore bodies are thinner and the actual contact con e­
quently mor readily defined. 

Morning Star m in e. - To thi mine belong both the Morning Star and Water­

loo claim , the ground of the latter aboYe the fault being as yet but little 
explored. In this mine, as in the Catalpa, no systematic levels were run, 
and, as many of the old workings were inacces ible at the time of visit, the 
data obtained as to details of form and occurrence of ore are less accurate 

than in the case of the Evening Star mine. The ore body continues its 

' According to Mr. Ricketts (The Ores of Leadville, P1·ince ton, 1883) tho data furnished by tho 
siokiug of t hi s shaft tl!rough the Gray Porphyry and by a bore-hole drilled from its bottom as f>Lr os 
tho Lower Quartzite show that the thiekne s given for t he Gray Porphyry sheet in onr ideal Section D 
i too great, i ts actual t h ickness being R.bout fifty feet. H e also states that he found no Parting 
Quartzite. As his information \vi th regard to rocks passed th rough was obtained by examination of 
tl!e dump, it might readily have escaped his observation. On the other hand, on the supposi t ion thn.t 
there was a nonconformity by ero ion between Silurian and Carboniferous formations, it might have 
been eroded away at this point and be actually wanting; this would al~o aocouut for a supposed less 
than normal thickness of the White Limestone. 



MOR ITNG STAR MI E. 437 

normal northea t direction through this ground a far as explored, and 

apparently widen out to the northwest, the limits given to it in thi dir c­

tion on the map being merel) those of explored area , and not nece arily 

of the limit of ore deposition, a a great deal of ground i still unexamin d. 

This body, which in the Evening Star gronnd had already commenced to 

·hallow toward the boundary line, becom s very sen iblv thinner through­

out the Morning Star . ground. From four to eight feet may be taken as 

the average thi ckne , though in place it d epens for a bort di tance to 20 

or 30 feet. As a rule the ore runs mu ch high r in lead than in the Ev ning 

Star, but i poorer in silver. It abo contain more ilica and l!'lss iron and 

mangan e. Very white carbonate and , con i ting of almo t pure cerus-

ite, are fonnd, e pecially along the contact. Here, as el ewhere, the e eem 

to contain less silver than the more tained and impure carbonate ores. It 

may be that the latter have mo1·e ilver in the form of sulphuret. As gangue 

the porou granular quart.z is very prevalent, and often constitutes a good 

hard arbonate ore. Below the ore t.he ocherous yellow basic sulphate was 

freq u ntly observed.1 

The mine i, principally worked through the Main haft, from the bot­

tom of which an in cline follow the dip of the forrnu.tion eastward , and 

level · are run outhwarcl to the Evening Star line and westward to connect 

with 1h old w rking from the Lower haft. From the incline levels are run 

at om what irregular di'tan es, following the ore development, which has 

been main] to the outh in the upper part and in tbe lower to the north. 

A nd haft, lm wn as the Upper haft, ha also been unk to contact 

hi ()'ber up on the hill, on the Waterloo ground, from which a level connects 

with th in ·line. 
In thi ar a the greatest east-and-west extent of the ore bodies has 

b en al ng the Evening Star line, and its greatest thickness along the mid­

dle of the body, between the second and third levels. As far as could be 

ascertained, in one point only has unreplaced limestone been reached below 
the ore. rrhis was at the southern extremity of the fourth level south, and it 

• According to Mr. L . D. Ricketts, who made a ca reful and detailed study of tho Morninp; tar 
and EYening Star mines during the summer of 1 2, this basic sulph ate forms a distinct n.nd pra,cticn.!ly 
continuous heet under the ore body in t he Mornin g Star ground. 
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was considered by the miner a limestone bowlder. Ex1lorationf:l g n rally 
stor in the iron body or barren vein material underlying th r body. 

The teepening of dip to the ea 't of the ore bod) i very marked at the 
pr sent extr mity of the incline, a well a 11 ar the bottom of the Upper 
shaft; its angle is here 25 ° . A fine body of carbonate ore i ju ·t being 

opened to the west of thi point. 
The old working of the mine were reached from the Lower or Board­

ing-Hou e shaft, and at time of examination" re iuacces ible. From in£ r­

mation obtained it appears that a large rna of '" in mat rial wa found 
here, and a la} er of valuable ore at the contact, whi h reached the EY ning 

Star line on the south, but wa cut off at 125 feet ea t of the haft by a 
break in the formation. This br ak wa found, at the extremity of the w ·t 
drift from the Main shaft, to con i t of an actual di placeme~t of 20 feet in 
the formation, bringing the ba et edge of the lime tone again t a he t of 
Gray Porph) ry, which here ov rlies the conta t To the we ·t of this there i 
a sharp ri e in the contact, which wa explored with some difficult through 
drift render d dangerou by the plastic condition of the decompo ed Gray 

Porphyry. This body was found in no other workings, and what c uld be 
determined of it outline is shown in Section C. Where it come up through 
the limestone, as it undoubtedly must, is not therefore known, but a po -
sible manner of offshoot from the main sheet below is shown in Section A.1 

The normal continuation of this great ore body ·would be between the 
Maid of Erin and Brookland shafts. In the former contact wa truck at 

3 5 feet and 15 feet of iron were pa ed through. To the north of th shaft, 
in a drift rising between Gray and White Porphyry, was found a small 

body of galena. The development are as y t too limited to furni h an 
accurate idea of the sha.pe of this body of Gray Porphyry , which is there­
fore merely indicated in the section (B), as shown by present developments, · 
with no suggestion as to its probable continuation. Ore is also said to have 
been struck in the Brookland shaft. The Big Chief and Clontarf shafts 

have also reached the contact and found vein material and ore, but as yet 

1 Mr. Ricketts (op. cit., p. 41 ) statct! that a dike, eight to ten feet wide, eros ing the limestone, 
ha~:~ s1nce been cut b y one of the drifts of the mine, which be regards as t he feeder of tLis sheet of Gray 
Porphyry. 
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developments arc not carried on regularly in an; of the e haft ~ owing to 
great influx of water and nothing definite can be aiel a to th extent or 
conditions of the ore body in that dir ction.1 

Area west of Carbonate fault.-The original rock surface of Carbonate Hill 

1vest of the line of Carbonate fault lope off very rapidly, a hown by th 

sudden deepening of the Wash in the' arious ection . The line where th 
lide of the steeper lopes give way to a tual Yva h, or rounded bowlder 

and gravel of r arrang d moraine material, marks a sort of beach-line in 
Glacial time, up to which the ice beet must have extended in order to tran -
port the bowlder , some of which (at the mouth of the Crescent in cline, for 
in tance) must have been brought from near the crest of the range. Th depth 
of tbi · mass of detrital material probably reache 150 to 200 feet along tb 

we tern edge .of the map, and there i orne evidence to how that the under­
} 'ing Lake beds extend up to the ba of the teeper rock- urface lope, as 
·ho" n in the section . nd r uch a rna. of clayey gravel, which, like a 
pono·e permit the pa age of water through it and yet keep con tantly 
aturated the rock surface eli integrate and its mineral con tituent are 

d ompo eel more readi ly than el ·ewhere, and the porphyries especially 
lo rapidly their eli tinctiYe baracter . With the e condition of ac.tual 
urface and rock urfac the determination of geological stru ture is 

naturall diffi ult, and thi . di ffi ulty i nhanced by the faet that, except 
at the north rn and outh rn end of the area mapped in the lower Henriett­
Wat rl oo and .LEtna-P od ry claim , re p ctiv ly, the little underground 
x1lorincr that ha been done wa imply for pro pecting purposes, irregular, 

without sy t m, and the worl ing are a a ntl no longer acce ible. The 
tru ture of this region, a repre entecl on the ections, is the embodiment of 

information obtained at the expense of infinitely more time and labor than 
th examination of a larg·e mine would have required, and yet i far from 
sati factory in its character. For thi reason, while the structure of the 
lower portion of the hill, as shown in Section B, H, and I, may be taken a 

1 inco the comJ)Iotion of field· work, at lL depth of 633 feet contact has been reached in the \ Volfe 
Tone shaft, whi ch is a short distaoc east of the Brookland. Ore and vein m<\t ria l are aid to lt:tve been 
about forty feet thick, t,he former occurring both a~ carbonate a.nd as snlph tuet. Below this a body of 
porphyry was found, wllich from de cription is a,ppa,rontly Gra,y Porphyry nod nl3,y be tho castoru con­
tin na tion of the maio sbeot which bas been dev lop din the Lower Waterloo workings. 
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essentially accurate, that given in the interm ediate cti n has a certain ele­
m nt of tentativeness and uncertainty. That in the 1Etna-P ndery ground, 

J epresented by the two latter, has already b en described. 
Lower Henriett and Waterloo.-Sflction B how the tru ture b tOVI' the Oar­

bonate fault on a line drawn between the e two claim , who e lower work­
ing are connected with each other. I t i that of an anticlinal fold, who e 
axis coJTe ponds very closely with the prolongation of the Carbonate fault 
li ne and whose ere t has been planed off, with a harp ynclioal ba in 

adjoini nD' it on the we t, along one ide of which the lower beet of Gray 
P orphyry eut a.cros the Blue Lime tone up into the overlying White Por­
phyry, which ha. escaped erosion in the hollow of the ba in. On the under 

side of thi beet of Gray Porphyry at it contact w_ith the limestone, the 
latter is min r11.li z d, a.nd a mo t valuable body of carbonate ore has been 
developed, extending into the hill at a. rather steeper angle than the aver­
age dip of the formation. The exi tence of tbi lower ore beet wa Rup­
po eel at fir t to indicate merely a. faulted-down portion of the regular ore 
horizon, a it doe in the 1Etna-Pendery ground, the difference of leYel 

between the outcrops of vein material on the smface and that of the lowe1· 
body, prolonged in dip into the bill, being quite what would be expected 
if the movement of the fault was normal, with a light decrease in amount 
toward the north. It was observed, however, that the Half Way Hou e 
and Henriett L ower shafts had passed through normal White Porphyry 
over lime tone, whereas a short distance east of the latter shaft the White 
Porphyry gave way to Gray Porphyry, which thereafter continued to· 
form the hanging wall of the ore body, lime tone being in all ca. es it 

foot-wall. The White Porphyry contact, for reasons which the general 
geological description must have made apparent, is necessarily the top of 
the Blue Limestone; but the continuation of the Gray Porphyry con­
tact soon came directly beneath the regular outcrop of iron vein mate­
rial, which here has more than double tlie width that it has farther south. 
Therefore it was evident that the Gray Porphyry, although itself having· 
the regular eastern dip, was in reality cutting across the Blue Limestone. 
No direct evidence of the fold in curving stratification lines has as yet been 
obtained, since where these would occur in mine workings the limestone-
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has been entirely replaced and structure lines are obliterated . In the lower 
workings of the Henriett mine, moreover, near the prolongation of the fault 
line, Parting Quartzite was found in the floor of a drift, which prove that 
at this poi8t the ore body is near the ba e, whereas in the hafts it wa 
near the top, of the Blue Lime tone. The line of Section B is apparently 
the line of greate ·t depre · ion of the Gray Porphyry beet, since to the 
north what i apparently a ·light fault bring the limestone up, cutting off 
the ore body, and on the south, toward the New Waterloo shaft, the con­
tact rises. Tbi shaft was unk entirely through vein mat .ri al and Gray 
Porphyry, and apparently found no White Porphyry. The faulting move­

ment has here become a light down-throw to the east, comparable in di­
rection and amount to the Nfor11ing Star fault., and whi h might read ily be 
mi taken for a simple monoclinal fold. It i a sum d to be the continuation 
of the Carbonate Ltult, though there is no direct proof, nor could a con­
nection actually be traced, ioce the th row of the latter would become nil 
between here and where it i actually demon trable. On the same line to 

the north, in Little Stray Hor e Ridge, there i. a eli placement, which passes 
into an anticline on Fryer Hill , in the Dunkin ground. 

We t of the Halfway H ouse sh3Jt the contact between limestone and 

White Porphyry ha been xplored for ore, and i found to be cut off by a 
sudden deepening of the Wash, whi h evidently repre ent the shore-line 

of Lake Arkansa mentioned above. In the Jolly haft the Wash is 140 feet 
deep and an east drift from it find vein materi al and limestone. 

'I he map bows an eroded anticline we ' t of the Jolly shaft, which is 
the outhern continuation of the quaquaversal, hown on the Leadville 
map, between the we t end of Fryer and Carbonate Hill . 

Morning Star and Forsaken. - On the line of Section c the underground data 

are le s complete, and the tructu re, which is even more complicated, is 
con equently deterrnin d with le s certainty. The rocks passed through 

by the Waterloo Lower, For ak n, and Portland shafts could not be d ter­
mined by actual ob ervation, and the information obtained may not be in 

every case geologically accurate. In the Forsaken incline the lime tone 
dips regularly eastward, and the action of replacement, acting from the ur­

face downwards, is very clearly shown. Figure 4, Plate XXII, repre-
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sents a sketch of the north wall of the incline, near it h ad, in whi h, 

however, the tran ition between unreplaced lime tone and vein mat rial i. 

less gradual than it is in nature. Above the contact in thi mine, b twe n 

vein material and White Porphyry, i a var ing thiekne s of white quartz­

ite, scarcely to be distinguished from porph) ry . This i assum d to be a 

portion of Weber Shales left above the Blue Limeston , as i so frequent!) 

theca eon Carbonate and Iron Hills. South of the For aken shaft the ore 

body, which is a layer of sand carbonate at the contact, extends apparently 
into the ground of thA lower Evening tar, though the e working w r 

not accessible during time of examination. We t of the outh shaft of the 

For aken, drifts run up along a barren contact into th \Va h, w hi h deepen 
rapidly along the lower end line of the Evening Star claim. 

From the Forsaken incline outh to '"' ard the Waterloo line, the forma­
tion ri e apparently, though the connecting drift, which ha a outh a t 
course, descend near thi line on a t epening dip ea tvvard. Fr m thi 
drift, between th boundary line and the Main (or lower) haft of theW ater­
loo, an incline follow for a short distance a rich body of snnd ore at an 

angle of 25° to the east. At the head of thi incline, directly over the oi·e, 
is a thin beet of White Porphyry, which i overlaid by Gray Porph ' ry. 
This Gray Porphyry body dips ·teeply north and east and come in actual 

contact with the ore at the end of the incline. It is also cut in the bottom 
of the 1ain shaft, where it is underhtid by vein material carrying a little 
galena. This haft i · said to have pas ed through vein material and th n 
lime tone before reaching the porpb) ry. South of the shaft a drift intended 
to connect with the New Waterloo shaft is in limestone, which ha. an appar­
ent dip north. From the observations above noted, it would seem that the 

Gray Porphiry is here cutting aero s the lime tone up into the "hit or­
phyry in a southwesterly direction, as it i in a west rly di rection on the 
line of Section B. 1 o that a slight anticlinal ridge runs along the \ Vater­
loo-For aken line, from which, however, the \Vhit P rphyry ba. not been 
entir ly erode] off, aR it has on th line of ection B. Thi::; trn tnre may 

be een graphically by suppo ing Section B to repr ent a north-and-s nth 
section aero s the Waterloo-For aken ore bo ly on a line ju t we t of the 
New ·waterloo .·haft. 'There would be the nmc bowl sbnped syncline, 



ILES-AUGUSTA AND WILD CAT MINES. 443 

though perhaps shallower, and a shorter anticline bej ond it to the south, 
from which the White Porphyry had not been entirely eroded off. · The 
conditions in the Waterloo lain haft would be represented by tho e of 
the dotted line , which on Section B denote the projection of the Harker 
shaft, and the Evening Star Lower haft would occupy a corre pondjng 
po ition to the No. 3 Heuriett. rrhe ideal tructure outlined her nece i­
tate ' a very udden ri e in the original Blue Lime tone urface to the north­
ward, near the Waterloo-For aken line, as the mvvement of the Carbonate 
fault, which on the line of ?ection C i nearly 140 feet, 'vould have 
become nothing and ev n be reversed before reaching the line of Section B. 1 

Niles-Augusta and W ild Cat.- South of the Forsaken the data to b obtained 

from workings we t of the line of Carbonate fault were still mor meager. 
The Eveni.ng Star Lower and Catalpa .1: o. 2 -haft were both inacce sible; 
the former was said to have found a large body of vein material and ore, 
a hown in Section D. ,.rhe latte1~ was unk 210 £ et, and found the for­
mation dipping nearly 45° ea t. From the dump it was evident that in it 
lo1 r part it bad pa eel through White Lime tone and quartzite. It was 
a umed that it had pa ed aero the fault line and reached the lower for­
mation east of it. 

From th il ~ haft three lev 1 had been run. The upper drift ran 
ea t through 'White Porphj ry and truck vein material at the Evening 
Star line. On thu econd lev l the drift were mainly in lime tone with 

m vein material at the contact of overlying porphyry, nece itating a 
teep westward dip in th formation from the contact of the upper level. 

The lower level at 230 feet wa enti rely in· lime tone, whose stratification 

line could not be di tinguished. 1 he limestone in this mine was of lighter 

color than is ordinar r in the Blue Limestone. 

1ll1r. Ricketts (loc. cit., p. 13) suppo es a n1ucll simpler structure throngll tho lower \Vuterloo 
anll Fur akon mine , namely: tllat tho formation coutinue w tward on their normal dip until they 
reach the urface, there being no lli ·placement anywhere along th e a ume<lline of the Ca1·bonate fa ult. 
Hi opinion i of w11ight, since h e had the aclYantagc of later and more extended underground work­
in" anll could give month of time when~ wo coul 'l only give days. His explanation, how ev r, t akes 
no account of the White Porphyry we t of the CarbouP.te fault lino. Assuming that h e is right and 
that ur determiuatiOil8 of tb exist nc of White Porphyry are at fault, some structural explanat ion 
8~JOilar to the aboY i reqnir ·cl to tho sonth of this line before the unmi takable conditions existing 
in tho ..iEtna-Pendery grounds are reached . · 
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In the Wild Cat the bottom of the shaJt wn.s in the same light-colore l 
lime tone. At a depth of a.bout one hundred fe t a level ran a t a.long a 

wa.ving contact, with considerable though irregular developm nt of con­
tact vein material and the same whi te quartzite above it that wa found in 
the Forsaken mine. A north drift from thi level followed a imilar barren 
contact~ the Wash at one point coming down into the roof of the drift. 
cro:;s-cut west from the end of thi drift pa ed over a ridge in the formation 
and stopped ju t a.s it commenced to dip sharply we tward. 

- Lower Crescent.-The working of the Cre cent Lower shaft were platted 

from a compass survey, and, while not as a.ccurate as tho e from a.ctual su r­
veys, are sufficiently so for the purpo e. of th is work. The haft, whi h i 
145 feet deep, passed through \iV ash 22 f, et, iron-stained clay 10 feet, White 
Porphyry (soft above and hard block porphyry at bottom) 113 feet. 'I h 
drifts followed cla.yey iron- ta.ined material, with orne development of spec­
ular iron, but no unaltered lime tone wa found. The ea t drift at the end 

had a dip of 45° east. The we t drift pa ed over a light ridge and topped 
in a gentle we terly dip. H ere the calculated down-throw of the Carbonate 
fault is about one hundred and forty feet. 

The deductions made from the observations in these workings a.re, fir t, 

that there is a probable western dip in the formation on the lower slopes of 
the h1ll and, econd, that an anticlinal structure is developed ju t we t of 
the line of Carbonate fault, which to the north gradually merge into the 

axis of the fault, without, however, becoming strictly identical '"ith it. The 
sections show a single anticlinal structure south of the Henriett-W a.terloo 
line and a double anticline with a. sharp included syncline on that line. It 
i pos ible that the structure south of that line will not prove exact in its 
details when more extended explorations shall be made; but errors of detail 
are in a. mea ure unimportant, the great object being to determine whether 
there be a western dip in the formation along the lower slopes of the hill, 
which eems reasonably probable. 



CHAPTER IV. 

FRYER RILL GRQUP. 

GENERAL DESCRIPTION. 

Fryer Hill, which has become so famous in the mining world by the 
richnes of its ore deposits, form a comparatiYely insignificant feature in 
Leadville topography, being imply the extreme boulder of a minor pur 

extending to the we tward from Breece and Yankee Hills, between Little 

tra Hor e and Big Evan gulch ; it xtreme elevation above these 
a ul h is only 200 feet. At one time the Big Evan glacier probably 
over d its mface, and the moraine material which it left behind during its 

r tr at, though part.iall removed by lat r ro ion, till cover the smface of 
the hill to an av rage d pth of about one hundred feet. For thi rea on 
the study of it geological , tructure ha be n a. very laborious work, and 
one which could hardly hav been accomplish d were it not for the exten­

sive underground development made by the numerous mine among whi h 
its urface is di,·ided up. A contra ted with the already de cribed groups 

of Iron and Carbonate Hills, Fry r Hill xhibits an extreme of mineral 
replacement. 'l"'he Blue Lime tone i repre ented mainl). by occasional 
deta bed patches of lime sand or disintegrated dolomite and irregular aecu­
mulation of iron vein material, more or ] impregnated with rich ar­
bonate of lead and hlorid of ilver. 'l,he b d , which ·were horizontal 
1 r vious to the action of mineralization, have been, during the dynamic 
movements which followed, compre sed into g ntle folds, and their ere ts 
have since been planed off by the great Evans glacier. These folds con­

sist of a main anticlinal fold, whose axi has a northeasterly direction and 
forms a continuation of the Carbonate fault line, with a synclinal fold nearly 

445 
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parallel to it on the northwe t. There i , moreover a gen ral dip of the 
folds and of the beds that compose them to the northea. t. The tructure 

is further complicated by minor crumplings, which ar hown by the wavy 

outlines of the outcrop , but in which it is difficult to trace any regular law. 

In addition to all tbi the development of porphyry ba be n exceptionally 

great in this region. As already shown, the cross-cutting zone of White 

Porphyry passes through the outhwestern edge of tho hill, so. that there 

is fin underlying and an overlying body throughout the greater part of its 

ar a; and in the Arnie ground the ore horizon is split up into three he t , 

each bounded by White. Porph; ry. Gray Porphyry i found as an ov rly­
ing sheet, as the continuation of the cro -cutting sheet of Carbonate Hill, 
in a dike-like body, and in everal small a.nd apparently detached sheet . 

Wblle on Iron and Carbonate Hills it i alway pos ible to trace the 
limits of the original body of Blue Lime tone, which bows but a moderate 
variation in thicknes , on Fryer Hill it is difficult to explain the eemingly 
enormous contraction that thi bed has suffered through the action of replace­
ment. It is true that the intrusion of the porphyry mass bas in many ca es 

split the original body in to several isolated sheets, who e originally irregu­
lar shape would account for a certain variation in the thickne s of the pres­
ent bodies of vein ma.terial. On the other band, this explanation hardly 
seems adequate for certain extreme instance , such as that in the Little 
Chief mine, where within a distance of scarcely over one hundred feet the 
iron body varies from a thickne s of six f8et up to ninety feet. It would 
almost seem in such cases as if, in the plastic condition to which the pre -
ence of enormous quantitie of surface waters had given ri. e, not only in 
the ore bodies but al o in the urrounding porph; ry, an alternating thick:­
ening and thinning of the body, perhaps already inaugurated by the shape 
of the original lime tone, had been very much increased by ub equent · 
compression wit.hin the rna s. In other ca e th finding of two bounding· 
quartzite , that which represents the W eber Shales and that forming the 
Parting Quartzite, proves that there bas been an absolute contraction due 
to rei lacement. 'l'he average thickness of the iron body on Fr er Hill will 
probably not exceed fifty feet, whereas, as has already been seen, the original 

Blue Limestone often reaches 200 feet in thickness. 
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Before proceeding to a detailed de cri ption of the individual mines, it 

may be well to mention briefly the loca li ty and manner of occurrence of 
the main rock masses observed on F ryer Hill. 

Gray Porphyry. - The bodie of this rock found on the hill have b en indi­

cated without any direct connection, simply from the fact that it ha not been 

possible in the pre ent state of development to trace each connecti n defi­

nitely, although it i very probable that many of the intrn ive bodies may 

have a common orig in. The principal body is that which is shown along· 

the ea tern and nor thern limit of the map, which is all tha.t remain of the 

main beet of Gray Porph ry, developed in such th ickne in Little Stray 

Horse Park. It i the ordinary gray, om~what decompo ed rock, and has 

been proved in the vVinnemuck shaft of the Little Pittsburgh, in several of 

the small ~hafts along the northern edge of the hill on the slope· of Big 

Evan gul h, and in all the hafts on the eastern edge of the map and imme-
diate} b nd it. 

The econd i a dike-like body, which extend probably from the Lee to 

th hry oli te, although its continuity in a portion of this distance, between 

itt burgh and the Arnie claim , bas not been definitely proved. This 

would eem to belong to the type of interrupted dike , a it only reaches 

th urfac in certain point , whereas in other the ore bodies extend con­

tinu u ly o' r it, but in depth it i doubtle s continuous through its whole 

length. Where cut entirely through, it ha an average thickne s of forty­

fi e to fifty feet. It i generally so decompo ed that it is imply a soft, 

cia ) ma ·s, it. only di tinction from rna e of White Porphyry in a sim­

ilar condition being it mottl d appearai1ce, due to the form of feldspar 

cry tals an l to iron tain re ulting from the decom position of hornblende 

and biotite. Occasionally, however, the characteristic large feldspars are 

dis in tly vi ibl , although th ma , is o thoroughly altered that the press- · 

ur of the hand su:ffic s to reduce it to a shapeles mas· of plastic clay. In 

g neral thi body eem t have a dip of about 45° to the n01thea t. 

The thir l important ma of Gray Porphyry o curs within the lower 

\Vb ite P rphyry, aml ha be n cut in a drift conn cting .r ew Di cov ry 
o. 1 with N w Di covery No. 5, and in the groun ls of the Chry oli te 

betw en Vulture No. 1, \ ulture No.2, and Colorado hief No.2; in each 
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instance characterized by it mottled appearance and by it · more thor uo·h 

decompo ition than the inclo ing White Porphyry. Thi i probably part 
of the same sheet which cro es the White Limestone under Little Stray 
Horse gulch, and is cut in a shaft south of New Discovery No. 5, in the 

ew Gambetta haft, and in the Eudora shaft. r ew Discovery No. 6 cut 

a similar sheet of Gray Porph} ry in the Blue Limestone, ' hich evid ently 
is part of the cross-cutting sheet of the Waterloo-Henriett claim . T'here i ' 

little doubt that all the e bodies forru part of the .arne intrusive beet which 
is gradually ri ing in geological horizon to the westward, as shown graph­
ically on the map. 

Besides these three principal bodies, mall irregular beet are found 
overlying the iron in the southern portion of the Little Chief claim and in 

the Robert K Lee min e, apparentl} conformable with the formation. In 
the ea tern portion of the latter mine al o i a dike-lik sheet, five or ix 

feet thick, cutting through the ore body and extending from the northern 

drift on first level to the ea tern drift on econd level, or in a north we terly 

direction, with a dip, however, to the eastward. 

White Porphyry.-The upper sheet of White Porphyry i generally very 

n;wch decomposed, and within fifteen or twenty feet of the ore bodie it is 

reduc d to a mixture of clay and quartz grains. Over the main summit of 

the hill there is little of it left, probably on an average not more than fifteen 

or twenty feet. Its decomposed tate is evidently due to the abundant 

action of surface waters, ·which have free access through the superincum­

bent W a h, there being no solid rock above it. 

The lower White Porphyry is relatively much less decompo ed, 

although the microscope shows that decomposition has already progressed 

to a con iderable extent within its mass. In orne place , however, notably 

in the lower drifts of the Dunkin aud Climax, where it approaches the lower 

limestone, it has been reduced to a clay and is so full of oxide of iron that 
it i difficult to distinguish it from the iron mass which has replaced the 

lime tone. It is also characterized by a laminated appearance which make· 
it closely resemble decomposed shale. Its thickness has been proved in a 
number of shafts to vary from sixty to one hundred and sixty feet, as fol­
follows: Climax No. 1, 115 feet; Climax leased shaft No. 1, 60 feet; Cli-
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max No. 5, 115 feet; Dunkin No. 1, 110 feet; fontana shaft, 99 feet; Arnie 
No. 2, 163 feet; Little Chief No. 1, 135 feet. It will be noticed on the 
map that this lower sheet of White Porphyry gradually passe up aero 
the body of Blue Limestone to the southward toward Carbonate Bill, finally 
merging with the upper sheet. 

Weber quartzite.-The overlying quartzite is coarse-grained and sometime 

micaceous, as is common in the Weber formation. It occurs in detached 
patches at various points betw en the ore body and the overlying porphyry. 

Its most continuous body is in the Chry olite ground, where it extends from 
the Roberts shaft towards Chrysolite o. 4, and varies in thickn ss from 
one foot to six feet. In the Roberts shaft, where its maximum thickne s 
occurs, it is separated from the iron body by ten or fifteen feet of porphyry. 
In a drift from the Roberts shaft to Chrysolite No. 4 it is found sometime ' 

resting directly on thi iron, again separated by several feet of porphyry, and 
at other times split up into several bodies. Elsewhere on the hill it is gen­
erally found in more or les rounded fragments, included in the porphyry, 

directly above the iron. 
Blue Limestone.- Small irregular bodies of pale-blue and, generally near 

the urfa e of the ore, are frequently found in the vein material of Fryer 
Hill, e pecially in the Chr 'olite ground. The occurren e of actual bodies 
of lime tone in place are, however, extremel rare. rrbose ob erved are-

1. At the extreme we tern edge of Fryer Bill, a hown in the Colo­
rado hief and some of the adjoining pro pect haft , where it i struck 
directl ~ beneath the \Va hand apparently re t immediately upon the Part­
ing Quartzite, with no intermediate body of White Porph ry. The outlines 
of thi body could not, of nece sity, be ver) definitely obtained, but it i 

probably of con iderable xtent and evidently repre ent the wedge· shaped 
portion separated by the cro s-cutting beet of White Porphyry. It i here 
a dark-blue, granular limestone, frequently mewhat impregnated with iron. 

2. A large body of lime- and occurs in the western portion of the Chry ·­

olite, south of Vulture No.2, adjoining the lower iron body. 
3. A fragment of Blue Limestone i found below the main iron body, 

included in the porphyry, in the econd we tern drift south of Vulture No. 3 

shaft (see Section F, Atlas Sheet XXXIII). 
MON XII-29 
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4. A nearly continuous bed of lime-sand, in which are occasional por­
tions of compact Blue Limestone, is found overly ing the iron body, ext nd­
ing from near Vulture No. 3 over adjoining portions of the Vulture, Car­
boniferous, Chrysolite, New Discovery, and Little Chief claims. 

5. In the Little Chief mine, about the middle of the claim and south 

of the Gray Porphyry dike, a body of lime tone comes in suddenly, occu­
pying the greater portion of the ore horizon for a considerable distance, an 
up-raise having been made through it; while below jt has been proved to 
extend to the Parting Quartzite by a drift running along the contact of the 
two in an east-and-west direction. This lime tone is partly di integrated 
into sand and partly in a compact state. A little farther south the iron body 
is found resting directly on the Parting Quartzite, affording a direct proof 

that it is a replacement of the limestone. (See Section J, Atlas Sheet .XXXIV.) 
6. The m st onsiderable body found i that cut at the northern end 

of the third level of the Dunkin mine. The drift run through thi body 
for a di tance of about one hundred feet, the stratification lines showing at 
fir t a dip of 45° to the northward; the angle becomes . hallower farther on, 
which may be due to a change in the strike. Thi body shows the cbarac­
teri tic ribbed structure of the Blue Lime tone and contains impe1fect casts 
of fossils. It bas, moreover, every external appearance of a solid hard rock, 
but upon being broken down crumbles at once to fine sand. 

The analyses of these lime-sands show no essential change in compo­
sition from the unaltered rock, as regards their contents in carbonate of lime 
and magnesia. The following are the proportions obtained: 

I Carbonate Carbonate 
of 

I of lime. magnesia. 

Dunkin limo-sand ... ... .... .... .. .... . 55. 14 44. 29 
Chrysolite limo-sand ...... ............ 54 . 09 43.79 
Silver Wave limestone (tSJ>e rock) . .. . 54.98 44.89 

The disintegration is probably due to the eli solving out of the cement­
ing material, which held the grains together, by percolating waters, and from 
the above analyses it would seem that in these dolomites, as in quartzites, 
the cementing material was essentially of the san1e composition as the rock 
itself. 
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Gangue.-The material which replaces the limestone on Fryer Hill does 
not differ essentially from that already described on Iron and Carbonate 
Hill . It is mainly an impure mass of o:xides of iron and manganese, with 
a greater or le s admixture of silica and clayey materials. It differs some­
what in different portions of the hill, being relatively richer in alumina and 
iron in the main mass of the hill, and very silicious in the eastern portion, 
or in the Lee group of mines. The black or manganiferous iron, which 

forms a large portion of it, though very irregular in its distribution, i , as 
el ewhere, generally barren. In the main mas of the hill silicious rephce­
ments con i t of black chert, often forming large, ?.ln!ost solid bodies and at 
other time being thoroughly shattered into angular fragments, the seam.; 
more or less filled with clay. Considerable amounts of sulphate of baryta 

in crystalline form are scattered irregularly through the ore deposits, and 
are generally con idered a good indication of ore, inasmuch as they usually 
accompany rich rna se of chloride. The oxide of iron i generally by­
drat d, though sometimes mixed with a certain amount of anhydrous oxide. 
Frequently it forms a comparatively pure iron ore and is valuable as a flux, 

notably that occurring in the Arnie mine. From this, with varying propor­
tion of iron and silica, it pa e through jaspery iron with conchoidal fi·act­
ure into almost pure silica. It is frequently cavernou , the cavities being 

lined with cry tals of quartz, cerus ite, and sometime of pyrolusite. Black 
iron contains from 10 per cent. of manganese upward, , though never ap­
proaching a pill'e mangape e mineral in any large quantity, except in the 

nnkin and in the adjoining working of the Climax No. 3. No pyrites, 
so far as known, have ever been found in the mines and carbonate of iron 

i extr mely rare. 
Ore deposits.-Ore occurs either in the form of galena or its decomposi­

tion products, carbonate and a little sulphate of lead, with a smaU amount 
of chloro-phosphate or pyromorphite; and ilver, either inclosed in the 
galena or impregnating the vein materials in the form of chloride, chloro­
bromide, or iodide, or a mixture of the three. Galena occurs irregularly, 
generally in the center of a large mass of vein material, with its surface 
more or less oxidized and changed into carbonate. Beside this, considera­
ble rna ses of sand carbonate with hard carbonates are found, which are 
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always more or less stained with iron. Actual pseudomorphs of carbonate 

of lead after cubical crystals of galena have be n found, a have al o small 

crystals of pyromorphite and molybdenite. 'l'he galena, as a rule, contains 

a proportionately larger amount of silver than the carbonate of lead, as 

might naturally be expected, ince, in the oxidization of galena by perco­

lating waters, silver is removed in the form of chloride and has frequently 

been redeposited at some di tance from its original position. In thi way 

the Lee group of mines evidently owe their ore entirely to the later miner­

alizing action, since they are practically free from lead a~d con ist of chert 

and highly , ilicious r d and yellow ochers, impregnate~ with chloride and 
chloro-bromirle of silver, without any lead 'rhe darker-colored sand car­

bonates are, as a rule, the richer; th se found in the Amie mine, for in ·tance 
have a dark-blue or greenish tinge and carry 300 ounce of ·ilver to the ton, 
whereas the light-colored carbonate of the 1orning Star mine only contain 
from forty to fifty oun es to the ton. 

The extreme irregubrity of the occurrence of the ore renders any 

generalization extremely difficult. It may be stated, however, that here, a 
in all the other hills, the ri ch ore is generally, though not invariably, found 
along the upper portion of the ore body. The main bonanza or ore bodies, 
a will be seen by reference to the map, have a nearly east-and-west direc­
tion, parallel to the dike already noticed. It will also be noticed that the 
richest bodie have been found in comparative proximity to this dike and 
to the northeast of it, the main ri ch body to th outhwest of this dike being 
that in the New Di covery, Little Chief, and Little Pitt'burgh mine , oppo­
ite what seems to be a partial break in the continuity of the dike. The 
influence of thi dike on the deposition of ore ha evidently been to 
cause an interruption or stagnation in the ore current , by which their con­

tents were precipitated more richly in a sort of eddy immediately adjoining 
it. On the northern portion of the hill no large ore bodie have been found 
a.s yet, although the existence of a large body of iron has been proved in 
which there are found small irregular pockets of ore. Exploration in this 
direction has been compa.ratively neglected on account of the great inrush 
of water wherever hafts have been sunk to the ore horizon. Erosion must 
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have removed an enormous quantity of ore from the ere t of the fold, and 
doubtless from the surface of many of the exi ting ore bodie . As a rule 
the lower iron bodie are comparatively barren. On the other hand, that 
~ery rich portion of the Lee body which extends into the 1atchle and 
Hibernia ground i immediately above the Parting Quartzite, or repre ent 
the very bottom of the Blue Lime tone. A small body of ore was ob­
tained from the lower bed of the Arnie mine, which yielded venty ounce 
to the ton, and from the working of the Vulture o. 2 om pay ore wa 
obtained in the same horizon. 

The dip of the ore horizon is generally quite low, in the New Discov ry 
not more than 5° and in the Little Pittsburgh and Little Chief the southern 

portion is quite horizontal. In the Chrysolite it dip from 10° to 11°, 
whereas in the Amie the dip is 20° to the northwe t. On the a t ide f 
the anticlinal fold the dip i uniformly steeper, o that from the Lee to the 
D n r ity the outcrop i r latively nanower. 

Parting Quartzite. -The Parting Quartzit. , where observed, is not over ten 

to fift en f, et in thickne and, a contra ted with the upp r quartzite, very 
much decompo ed, being gen rally di int grat d to a fine white sand and 
in v ry ca e very much iron- tained; it a! o contain con iderable mechan­

ical admixture of clay from the porphyry, so that it i not always possible 
to di tingui hit with certainty from a highly decomposed White Porphyry 
from which the earth ba, e have been largely remov d. 

Wh ite Limestone. _ rrhe \¥bite Lime tone has been cut by everal shafts 

on Frv r ill. In it .mo t charaeteri tic form it is found in the mie No. 
2 wh re it wa truck at a d pth of 273 feet and has it peculiar light-drab 
color ompact texture, and the characteristic segregation of white chalce­
dony or chert. It i al o found in the lower 1 vel of the Dunkin and Climax 
min , at their onthern extr mities, and in the Eudora and Pitt burgh hafts, 

toward Little Stray Hor gulch, where it come up to the Wash; likewi e 

m hr olite No. 6. 
Lower Quartz ite. -This quartzite has been cut by variou pro,pect shafts 

along the we tern border of the hill; among other , by the Little Eva No.5, 
and by the Lida shaft, near Cumming & Finn melt r, wh rea mall intru-
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sive body of White Porphyry was found in it. In other portion it bas 

not yet been actually cut, but its existence is readily deduced from the 
position of the formations above it. 

Fryer Hill map.- Before proceeding to a description of the underground 

workings of the various Fryer Hill mines, it may be well to explain what i 

intended to be represented on the map of that region (Atlas Sheet XXXI) in 

somewhat greater detail than is given in the legend. It ha been attempted 

here to show on a single sheet the actual surface of the ground, the rock­

smface beneath the Wash ( di tinguishing the different formations whi h 

make up that rock-surface), and the underground working of the various 

mines, with the outlines of the_ bonanzas or ore bodies, as far as could be 
determined at the time of examination. The attempt to delineate so much 
on a single sheet ha re ulted in a complication, which it will require the 
reader' clo est attention to unravel. H e must first bear in mind that the 

black contour indicate the actual urface of the ground, and the figures 
attached to them, their relative elevation above the 10,000-foot curve. 
Second, that the geological colors indicate the outcrops of the various rocks 
and formations as they would appear if the superincumbent Wash material 

(which, as shown by the sections, has a thickness of from thirty to one hundred 

feet over the whole surface) 1Vere entirely removed. Third, that the drifts 

of the various mines and the outlines of the ore bodies, as Jetermined by 
the explorations of those drifts and shown in black dot , are projected on a 

plane smface, or, in other words, are repre ented as if the rock material 
above them were entirely tran parent and without regard to its thicknes . 
These drift , while in the main following an approximately horizontal plane, 
are in many mines on two or even three different levels. Owing to their 

approximate horizontality it was impossible, without too great complication, 
to indicate these different levels by any series of colors or conventional 
signs, but figures have been placed within the drifts to show their elevation 
in feet above the 1 0,000-foot curve. The map thus furnishes the data from 
which a section may be constructed along any given line, and from it the 
various sections represented on Atlas Sheets XXXII, XXXIII, and XXXIV 
have been so constructed. In unexplored portions these sections are more 
or less ideal, and actual exploration may prove them to be not absolutely 
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correct. The intersections of the drifts with these sections show to what 
degree the plane of the section has been actually explored, but the outlines 
of the formations as indicated there are determined also from analogy aud 
by deduction from observations made in the vicinity, but not actuall on 
the section plane. 

On the surface map the outlines of the various claims are indicated by 
broken lines. These are sometimes difficult to trace, owing to their coinci­

dence with lines of drifts or with the blue lines repre enting the lines of 

the different sections. They are given as accurately as could be deter­

ruined by the engin eers who had been employed in surveying them; but, 
a invariably occurs in ri ch mining district , there are many cases of con­
tested boundaries between adj oining claims which have either been settled 
by compromise or are still in litigation, so that the lines here given cannot 
be a umed a officially and finally correct. The laying down upon an 
accurate topographical map of a mining district like this of finally correct 
ide lines to the many claims that are there located, if not an absolute 

impo ibility, would require an amount of time entirely incommensurate 
with the value of the result to be obtained, as can be readily understood 
by those familiar with the working of the land system of the United States 
a applied to mineral claims. In describing the various mine workings 

and ore bodies of this group, they will be taken up in geographical order, 
proceeding from west to ea t, without regard to priority of discovery. 

MINE WORKINGS. 

Chrysolite mine . -'l'he property of the Chrysolite Mining Company con­

sists of the following claims: Carboniferous, Chrysolite, Vulture, Little Eva, 
Colorado Chief, Pandora, Fair View, Kit Carson, and All Right. The 
greater part of the ore extracted from thi property ha been obtained from 
the first three claims. The area occupied by the others, as shown by the 
map, is mostly west and south of the outcrops of the main ore body, indi­
cated in dark blue crossed in black; in other word , over this area the ore has 
been mainly removed by erosion. The Discovery shaft of the Chrysolite 
has, so far as known! discovered no ore. The first con iderable ore body 
was opened by Vulture No. 1 shaft, near the northern end of thi claim. 
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Soon after the discovery of this ·ore body, it was found b some clev r 
per ons that, as not unfrequently happen in the location of claim , a small 
tri angular piece of ground in the immediate vicinity of this shaft, about 

thirty-six feet by ixty on the sides of the triangle, was left unclaim d. 

Tb shaft now called the Eaton haft was at once unk by the e m n 

and the continuation of the Vulture body there eli covered. In elf-defense 

the Chrysolite Company were obliged to buy out this li ttle claim, generally 
known as the Triangle, at what at the. time seemed a very high price, but 
which was repaid to them more than threefold by the ore which they 

extracted from the ground. A still smaller unoccupi~;d piece of ground 

between the end lines of the V ult.ure and the Chrysolite, appropriat ly 

called the Sliver, was imilarly taken up, and wa bought out by he 

hry olite Company, but has thus far proved an unprofitable pur base. 
This can be distino-ui heel upon the map by the two hafts, liver No. 1 

and liver No.2, which have been unk upon it. The ore body at the Eaton 
and Vulture No. 1 shafts wa near the outcrop of the upper iron body, and 

therefore it limit to the westward were soon reached. It was traced a t­

ward, descending irregularly, but at a low angle, as far as the Carbon­
iferous-Little Chief line. This ore body, though narrow, was extremely 

rich and y ielded the greater part of the immen e returns which were obtained 

from the mine in the earlier days of it working. Section B how its 

outline along an east-and-we t line. From it were obtained large rna es 

of chloride of silver, associated with cerussite, a ingle tran parent mass of 

chloride which weighed several hundred pounds having been extracted. 
A second ore body, parallel to this, was found about one hundred feet 

to the southward, which was traced in a southeasterly direction to the New 
Di covery-Vulture line, where it widened out and then eli appeared. In the 
bottom of an east-and-west drift, a little south of this body, several mas es 
of limestone were found below the main ore body, which in early clays, before 
the character of the formation of the ore was understood, much pnzzlecl 
those in charge of the mine. The extent of this unreplacecl limestone was 
never determined, but it is now evident that it i simply a portion of the 
Blue Lime tone, which exi ·ted wherever now the body of vein material is 
found, and which, for . orne reason or other, had not been replaced by vein 
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materi al. Along the Vulture- ew Discovery line con iderable unreplaced 
lime-sand wa also found ou top of the iron body, extending into the N w 
Discovery ground. 

The main ore body, which was opened by the Vulture No.1 and Eaton 

shafts, was traced a li ttle south of east. to the extreme outhea t corner of 

the Oarboniferou claim, with Rn average width of Rbout fifty feet and a 

thicknes of twelve to tw·enty feet. In the a tern portion it i opened by 

Ohr soli te No.3 and Carboniferous No. P hafts. I tend qui te abruptly , 

both on the north and outh though barren Yein material i found on ither 

side of it. Oros -cutting drift soon pa · through thi vein material into 

overlying White Porphyry, showing that the ore body wa on the ere. t of 

a minor ridge or corrugation in the vein material, on either side of which 

i a shallow ba in. That to the south has proved barren for a con iderable 

ai tance into the N w Di cover} ground. Its form is hown in Section F, 

wher it i seen that the upper portion consi ts largely of unreplaced lime-

ton . An ore hoot wa al o followed, de cending in a northea terly direc­

tion from the Triangle working , which later developed a large body of ore 

in the neighborhood of hry olite No. 4 shaft. In these older workings 

the ri ch ore con i ted mainl of carbonate of lead and chloride of sil ver, 

with a comparatively mall amount of galena. In the vein material a blue­

bla k chert i promin ntly fo und, occurring in bodie up to ten feet in thick­

n F rom this impure ilica it pa es into silicious iron and then into a 

cla e limonite, more or le impregnated with oxide of mangane e, the 

extr me form of which, kn own to miner a " black iron,' i a sort of impure 
wad. The e were the early workings of the mine, made in the upper ore 

b ri zon. 
Explorations w re a,) o conducted westwardly by a drift running a, 

short di tanc so nth from Vulture No. 1 and then we t to Vulture No. 2. 

The workinO'S of Vulture Jo. 2 haft eli closed a, considerable body of vein 

material, about twenty-five feet in thickness, immediately underlying the 

Wa h, containing a little ore, and pas ing to the outh in to lime- and. 

To the west of thi i a coar e decompo ed qum:tzite, which is a sumed to 

represent P arting Quartzite at the ba e of Blue Lime tone. The connect-

' Wrongly marked No . 7 on tho map. 
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ing drift between Vulture No.1 and Vulture No. 2 is mainly in very much 

decomposed Gray Porphyry, distinguishable by its mottled appearance and 
occasional large crystals of feldspar. White Porphyry separates thi from 

the ore body of Vulture No.2, and the contact between the two porphyrie , 
which dips to the eastward, is slightly iron stained. The ore body of Vult­

ure No. 2 evidently represents a small portion of the Blue Limestone, plit 
off from the main body by the lower White Porphyry and by this intrusive 

sheet of Gray Porphyry, which is as umed to be the same found in New 
Discovery No. 5, which, extending across Little Stray Horse gulch, connects 

''vith the lower body on Carbonate Hill. The drift, in a southwe terly dir c­
tion, from Vulture No. 1 to Colorado Chief No. 2, al o crosses this body of 
Gray Porphyry. Midway between the two shafts the top of the drift cuts 

a body of fine conglomerate, resting immediately upon the porphyry and 
apparently belonging to the Lake bed formation. In the southeast corner 
of this drift a winze ba been sunk to a depth of 86 feet, pa sing through 

the Gray Porphyry sheet into an underlying iron body, from which ore 
assaying 72 ounces to the ton was taken. The winze wa abandoned on 
account of the difficulty of handling water; but its exploration proved suffi­
ciently that the Gray Porphyry is a sheet dipping northeastward with the 
formation and that a second iron body occurs below it. A large outcrop 
of Blue Limestone, partially replaced on its upper surface and represented 
on the map in the Kit Car on, Fairview, Pandora, Colorado Chief, and 
New Discovery claims, belongs to this lower body, which is separated from 

the main upper ore body by the cross-cutting White and Gray Porphyrie . 
The outlines given on the map are determine·d mainly by data deriv d from 

the dumps of a few abandoned shafts, and therefore are probably not ab ·o­
lutely correct. Its widest part is in the line of Section F, between Colo­
rado Chief No. l and Pandora No. 3 shafts, the latter finding owe vein 

material at its base. 
The portions of the mine thus far described, and which are shown in 

the southern and western ends of Sections L, F, and B, :i·espectively, were 
opened in the early days of ore development in the district, when it was 
suppo ed that the ore bodies would probably be found to take a clow'nward 
direction towards the unknown sources below, from wl1ieh they are gener-
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ally supposed to come. Mining was, therefore, conducted without any defi­
nite system. Drifts were run here and there, up and down, wherever ore 
could be fou::J.d, so that it was extremely difficult in traversing them to form 
a clear idea of the actual extent and form of the ore bodies or to know 
whether or not important ground still remained unpro pected. When Mr. 
W. S. K eye took charge of the mine a new and more rational system of 
development was adopted. A large three-compartment haft, the Roberts 

shaft, was sunk in what it was supposed was the deepe t part of the ore 

horizon, and from thi haft a ystem of horizontal drifts was run off at two 

or three different level , with a regular system of rectangular cross-cuts at 
given di tances. In thi way it was possible to map out the shape of the 
ore bodie , and it soon became evident that the vein material occurred as an 
inter tratified mass between two sheets of porphyry, somewhat irregular 
and corrugated, but ba ining up to the urface on the southwest and north­
we t. With the increa d facilities for handling ore given by a large shaft 
and by level tram wa s leading from every part of the mine to it, the work 

of exploration could be pu hed much more rapidly and the extraction ot 
ore proportionate] increased. The old working of 1 he mine were further 
explored and considerable ore wa di covered where the bonanzas bad been 
uppo ed to b exhausted. Entirely new bodies of ore were also found to 

the west and northwest of the shaft, continuing irregularly up to the out­
crop a shown on Section A, K , and L. None of these bodies wa of so 
great continuou extent or o rich in silver as the main ore body extending 

eastward from Vulture No. 1. The most extensive and the riche t was that 

developed near Chrysolite No. 4. 
In the drifts running southward from the Roberts shaft to con­

nect with the Chrysolite No. 1 workings a body of Gray Porphyry 
thirt to forty feet in thickness was cut, which has since been traced 
ea tward as far as the Robert E . Lee mine. In the Chrysolite ground 
this body of porphyry has a dip of 45° to the northeast, but farther north 
it stands apparently nearly vertical, and is, therefore, assumed to be an 

interrupted dike. It extends much farther east and west than is shown on 
the map, being exposed by drift from the lower levels where it is wanting 
in these directly above them, bowing that it tapers upward . In the north-
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we t portions of the working a few feet of Weber quartzite are found ab ve 
the ore bod , sometimes in direct con tact with it and again eparated by a 
slight t.hiclme s of White Porphyry; and in the extreme north we t work­
ing the Parting Quartzite i found beneath the ore body, between it and 
the underlying \Vhite P orphy ry, bowing that here the entire thiclme s of 
the original Blue Limestone horizon is repre ented, compres d to a th i k­

ness of sixty to eighty feet. At the bottom of the Robert haft 10 feet of 

quicksand were pa sed through, which probably repr ent the di integrated 
Parting Quartzite. The main we t drift from the Robert ' shaft on the 2 4-
foot level, which runs a little south of we t, pa e for the :fir t hundred feet 
through iron vein material containino· ome pay ore, then for 150 f et through 
block CWhite) Porphyry, then into a econd body of iron vein material, at 
the extremity of whi ch is some lime and, ucce d d by Parting Quartzite, 
all dipping gently to the ea tward.1 This is eviden tly tho continuation of 
the ore hori zon developed in Vulture No. 2, but it is noticeable that the 
Gray P orphyry found between that shaft and Vulture o. 1 i here want­
ing, showing that it northern limit ha been reached. The lower iron 
body does not extend much north of this drift either, ince, a shown in 
Section A, the drift we tward from Ch~·ysolite No. 4 :fi s the Parting 
Quartzite directly under the main or upper iron body. 

. In this northwestern quarter of the Chrysolite g round the body of vein 
material has averaged from . ixty to eighty feet in thickne , from its out­
crops ea tward and onthward. In thi vein material the bodies of rich ore 
are uece arily difficult to define, as they are imply concentration of lead 
and ilver minerals. rrhe whole rna contains more or le s of these metals, 

of which a certain arbitrary percentage is n~quired to constitute pay ore. 

The or con ists, as in other part of the mine, mainly of carbonate of l ad 

and ch!oride of liver. The discarded ii·on vein material, which is extracted 
from the mine and accumulates on the dump , con::>titutes a low-grade- ore 
wbi h it will doubtless some day be found profitable to work. 

1 'i nce tb completion of fi eld -work this drift has been pn !J ed farther westward than ind icated 
on th map, and bas passed t!Jrongb tho vVbite Lime tone into the Lower Quartzite, showing t hat the 
outlines given on the map, t hough from somewhat meager uata, are in the main correct ancl t hat tbe 
formations ba iu np to the westward. This drift has a lso di scovered a westwardly dip in the Lower 
Quartzite, p roving fnrtber the existence of t he anticline which bad beon assumed to exist here. 
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To the northeast of the Robert shaft pay ore is cut off b a body of 
black iron, into which it pa es so abruptly that the latter often forms a 

wall 20 feet in height. Above the black iron i a bod) of blue lime- 'and 

about one hundred feet in extent. Beyond the ore stope in the vicinity of 

the shaft, exploring drift on the lower (284-foot) level connect to the north­

ward with Carboniferous No. 5 haft, and from there to the we tward with 

Chrysolite No. 5 shaft by an up-rai e to the 316-foot level, all in barren 
vein material. From Carboniferous No. 5, the bottom of which i in disin­

tegrated Parting Quartzite similar to that ut in the Robert:~ shaft, a drift 
runs due north through White (block) Porphyry and at 200 feet from the 

shaft cuts White Lime ' tone, which is lightly iron- tained at the upper sur­
face. Still farther north, beyond the limit of the Chrysolite claims, the 
Silver Wing shaft was sunk through White Porphyry into a body of iron 
vein material, which i evid ntly a replacem nt of the upper portion of the 
\Vhite Lim stone. Exploration were conducted here under great diffi ul­
tie , owing to the immen e in-ru ·h of water, and, o far a they went, did 
not di clo e enough pay ore to justify the owner in pur uino- them further. 

The eviden e of the e northern workings i verv conclu ive as to the 
ba ining-up of th formation to the northwe t, and this evidence i further 
confi rmed by the everal haft to tb ea t of the Silver Wing, the Buck­

eye, Hazzard, Her ul s, Comique, and 0. K., all of which have fomid a 
COIL iderable body of ir n in mat rial, eith r at the ro'ck urface or under 
a thin co,· ring of White Porphyry, whi b r pre ent the outcrop in thi · 
direction of the Blue Limestone horizon. s in the ilver Wing, the great 
in-ru h of water ha prov d a bar to extended explorations from these haft . 

The Gray P rphyry dik s parates the two main ore shoots of the 
hr · olit ground. Little can be determined about the form of this body 

in depth, as xplorations have not proved it below th Blue Lime tone hori­
zon. It may be imply a traosver e sheet, cutting diagonally aero the 
formations and a uruing a vertical po ition as it approaches the present 
rock surface. Still, its form, so far a traced, i sufficiently characteristic of 

the dike typ to justify the a umption that it is rather a true dike than a 
tran ver e sheet, though the distinction, so far as th deposition of or i con­
cerned, i comparatively unimportant. It i distinctly later than the White 
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Porphyry, as are the transverse sheets of Gray Porphyry already noticed, 
and like them its influence bas been favorable to the depo ition of rich ore. 
It should not, however, be regarded as a dike cutting through the ore 
bodies, since it was evidently intruded before ore deposition commenced. 

Its exact relations to the original ore bodies are now difficult to define, for 

these were probably deposited in the form of sulphuret in a much larger 
proportion of unreplaced li mestone than now exists, and the secondary 
action of oxidation, which has been goin~ on ever since, has evidently in­
creased the volume of vein material and reduced that of the unreplaced 
limestone. The probability is that, as in cutting across the formation this 
body probably interrupted some of the natural water channels along the 
contact. planes of different rock formations, it caused a partial stagnation of 
the ore currents in its vicinity and thus favored precipitation and replace­
ment action there. 

The ore bodies are continuous around its we tern end from the Trian­

gle workings to Chrysolite No. 4, and it is probable that its western limit is 
not far from that indicated by its outcrop on the map, as otherwise it would 
have been cut by some of the drifts in this portion of the mine, which, 
owing to the basining-up of the formation here, reach lower horizons than 
el ewhere. 'l'he ore bodies are also practically continuous across the line 
of the dike along the Carboniferous-Little Chief line, but here the dike is 
proved to exist under these ore bodies by drifts at lower levels, and the in­

ference, therefore, is that, as the dike did not extend up to the upper sur­

face of the Blue Limestone, ore deposition went on unintenuptedly aero s 
this break in its upper line. It was just to the north of the dike, in the 
Little Chief ground, that the thicke t body of pay ore was found. The ore 
body in the extreme southeastern portion of the Carboniferous claim was al o 

very thick; but, being among the earlier discoveries, the workings bad 

caved at the time of visit and could not be examined; 12 feet of lime-sand 

and 24 feet of ore are said to have been cut by this shaft. 
New Discovery.-The New Discovery claim adjoins the Carboniferous and 

Chrysolite on the south and the Vulture on the east, and geographically 
forms part of the ground just described, though it belongs to the Little 
Pittsburgh Mining Company, the claim of that name lying entirely to the 
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east of the Little Chief, which separates it from the above claims. This 
and the Little Pittsburgh were the first mines worked in this region, and 
at the time of examination the larger ore bodie had been stoped out and 
the stopes were filled up, so that but imperfect data could be obtained with 
regard to them. The ore body was nearly continuous on a north-and-south 
line from the Carboniferous ground to New Discovery No. 2 shaft. It 
consisted mainly of and carbonate, with chloride of silver, and had an 
unusual amount of barite in the gangue. This ore occurred mainly in the 
upper part of the ore horizon, re ting in general on chert, with barren iron 

and clay below. This same upper ore body al o covered a considerable 
area northwest of No. 2 haft, and was expected to prove continuous over 
the greater part of the claim in that direction. As it approached No. 4 

shaft, however, it gradually gave way to a mass of chert, which sometime::; 
occupied the whole horizon, and which along the Vulture line was overlaid 
by a con iderable body of lime-sand and unreplaced dolomite. On this 

northwe t line a. few small, scattered bodies of rich ore were found, but just 
to the northeast of it is the barren zone, already noticed in the Chrysolite 
ground, which eems to occupy a trough in the formation, the ore horizon, 
repre ented by comparatively barren vein material, descending towards it 
axis from either side These descent are sometime · o abrupt as to suggest 
a light movement of di placement. To the southwest of this line the ore 

bodie , which are very irregularly di tributed, extend up to the Wash. They 
follow two radiating line from the main ore body, the one in the direction 
of No. 1 haft, the other intermediate between that and the drifts running 
to No. 4. In either ca e the ore bodie descend to the outhwest, which 
would at fir t eem a contradiction to the statement that the formation has 
a g neral dip northeast. The fact i , however, that the rock-surface, like 
th urface of the ground, descends here towards Little Stray Horse Creek, 
an l these ore bodies, which are all that ero ion has left, belong to the 
lower part of the ore horizon. It therefore suggests itself tl:iat, if this lower 
portion had been thoroughly prospected in other portions of the mine, other 
ore bodies might have been found. Owing to the impArfection or want of 
snrveys, it is impossible to say whether this has been done or not. 
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New Di covery No. 1 shaft is that in which the original eli covery of 

ore was made on the claim by George Fryer, at a depth of 60 feet. The 

iron body was only 20 feet thick, and thi haft then pa ed into the und r­
lying White Porphyry. The small thickne of the iron body i here due to 

the fact that the upper portion of the ore horizon has be n roded off. In 
later times considerable explo.ration bas been done from the shaft to deter­

mine whether the ground to the south is ore-b aring or not. Diamand-drill 

borings were made from an east drift at a depth of 165 feet below the top 
of the shaft, both eastward in a horizontal direction and vertically down­

wards. Neither found any ore bodies. The vertical drill penetrated to a 
depth of over one hundred and seventy-£ve feet, making a di tance of 340 
feet in all below the surface. It pas ed through the porphyry, £nding a 
thin streak of iron vein material. in its midst, into the Silurian formation, 
and apparently through that into the Lower Quartzite or Cambrian. F re­
quent assays of the cores were made by Mr. Rudolph Keck, and a slight 

trace of silver, amounting in some caseR to ten ounces to th<:l ton, wa found 

in most of the material passed through, but no evidence of any ore bodies. 

To the outhward a drift was run, de cending from 10,34 7 to 10,3113 
feet elevation, which passed through White and Gray Porphyries, findin g a 
small streak of iron oxide at the contact of the two. In the Gray Porphyry 
body the drift turns abruptly east to connect with No. 5 shaft, which it 
does at 100 feet below the urface. This shaft was sunk to a depth of 185 
feet, and, judging from the material on the dump, mu t have pa ed through 

the Gray and White P orphyry bodies and the Partino- Quartzite into the 
Wbite Limestone. 

An exploring shaft (No. 6) was al o sunk on the ridge outh of Little 
tray Horse gu lch, at the southern extremity of the claim. I t was driven 

omewhat intermittently, and could not therefore be clo ely followed. The 

rock pa sed through were approximately as follow : \Va h, 120 feet; Gray 
P orphyry, 40 feet; Blue Lime tone, 60 feet; Parting Quartzite, 20 feet; 
White Limestone, 20 feet. This is on the south side of the shallow anti­
cline a 'sumed to exi t under Little Stray Horse gulch. The structure, as 
well as could be deduced from the meager data obtainable in this part of 
the region, is shown on Sections C and K. The body of Gray Porphyry, 
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which is here in the Blue Limestone, is a sumed to be the arne sheet which 
occurs in the lower "'White Porphyry at No. 5 shaft, and which is gradually 
cutting up to a higher horizon as one goes outh, reaching the upper White 
Porphyry in the Lower H enriett ground. 

From the relative elevation of the Blue Lime tone in this shaft a.nd in 
the adjoining hafts to the southea.st, the Pear on (S -14) shaft oi the 
Gambetta claim, the Joe Bates (S - 26) haft of the Stray Ror e claim, and 
the Vanderbilt (S - 25) shaft, there i evid ntly a break or a sharp fold in 
the formation to the eaot of thi shaft. On the ection both are a surned to 
exist, and the fault to be the northern continuation of the Carbonate fault. 
It must be stated, however, that it ha not yet been cut on this ridge, and in 
so far its existence is a matter of pure hypothe is. There is unque tionably 
an anticlinal fold here, however, which can be traced northeastward into 
th Dunkin ground. 

Little Chier.-Thi claim is analogou to that of the Evening Star, on 

Carbon te Hill, in that, being a narrow piece of ground left between two 
adjoining claim I it in luded within it area an unu ually large proportion 
of ore-bearing ground. I width is only 250 feet, in tead of the normal 

300, and the title to part of thi ""a contested by the overlapping of the 
outh end of the Littl Pitt burgh claim. The outline ' of the full claim 

are given on the map, a well as the broken line ·which was adopted a a 
compromi e boundary between the conte ting claims. A · in the ground 
previou ly de crib d, there are two main ore bodies, a southern and a 
northern, eparated by the porphyry dike and an area of ba.rren ground. 
1: he porphyry dike does not, however, reach the rock surface, as far as 
known, and in the we tern portion of the claim the ore body is continuous 
over it, a.nd form a connection between the northern and southern bodies 
along the Carboniferous and New Discovery liue . Here also, the southern 
body, at its outcrop immediately beneath the ·wash, was the first opened. 
,.rhe original workings were reached through the small shafts No ·. 1, 2, 5, I 

and 7, and were driven irregularly, following the ore shoots. No. 1 found 

the ore directly beneath the Wash, at a depth of fifty to sixty feet below 
the SHrface, in a thickness of ten to twelve feet. The shaft wa afterwards 

haft on tile claim, is wrongly numbered ou the map No.3. 
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sunk through the underlying White Porphyry and reached tlle Silurian 
formation at a depth of 198 feet, finding 2 feet of iron} at the top and 
penetrating it 16 £ et. No. 5 shaft, due south of thi , after pas ing through 
63 feet of Wash, struck the underlying White Porphyry, and reached the 

ilurian formation at a depth of 159 feet. The ore bodies reached fr m 
f\ o. 1 haft are at an elevation of about 10,400 feet, and lie directly beneath 
the vVash. Tho e opened by No. 7 haft are about fifty feet lower, and are 

cov red by White Porph) ry and by a thin sheet of Gray Porphyry which is 
seen in a drift leading from No. 2 haft. 'I he ore body in this portion of the 

working was nearly horizontal and fi.·om one to two and a half sets of timber 

in thickness (8 to 20 feet). North of No. 2 haft, however, the formation 
<lir rapidly to the northward, and on the line of Section J a considerable 

body of unreplaced Blue Lime tone, occupying almo t the whole thicknes 

of the ore horizon and underlaid by Parting Quartzite, i developed by an 
up-rai e from the 32 -foot level; a little outh of this ur-rai e iron i · found 
to re t directly on the P arting Quartzite, thus affording a direct proof that 
it replace the limestone. A drift run ea. t and we t 1-0 feet, at the level 

of the bottom of the up-rai e, in this body of unreplaced lime tone. Thi 

body of limestone differ from the smaller mas es of lime- and hitherto 

ob erved, in that the ore deposition ha gone on above rather than below it. 
Gray Porphyry dike.-The dike lies immediately north of this body of nn­

replaced lime tone. So far as observed it nowhere reaches the rock urface 

within th is claim, but end at the top in a rounded end, as shown in Section 

J. llaft No. 3, near the Carboniferous line, is sunk through Wa h into 

or , and at it bottom is directly in the dike. By the outlines of the dike, 
shown on the ide. of thi haft, it i seen that it here tands nearly vertical, 

clipping at a teep angle to the north. Drifts to the north and east from 
the bottom of the haft pass out of the Gray Porphyry directly into the 

ore body, and eros -cuts south from the main eastern drift strike it again, in 

some ca es top1 ing at the dike, in other pas ing through or over it to connect 

with tbe outh workings. The ground along the Carboniferous-Little Chief 
line on the line of the dike was, at the time of visit, a mass of crushed 

'The t rm ''iron," as u ed in these description &, is the miner's abbreviation for vein material 
canying more or le s iron oxide. 
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timber , :filling old stopes which were completely inaccessible, so that it 
connection between observed point in Little Chief and Carboni£ rous 
ground could not be examined. For th is reason, in Section B, which pa es 

through thi portion, the dike ha not been represented at all, though the 
plane of the section 'vould cross it diagonally, and it undoubtedly is cut by 
that plane in orne point. It is said that it i only 4 feet in thickne at 
this point, and that ore xisted both above and below it; thi statement 
mu t, however, be accepted cum grano salis. 

Immediate!) north of No. 3 shaft an exceptionally thick body of ore 
wa found, ompo ed almost entirel of. a.nd carbonates, mixed with a certain 
amount of clay and iron oxide. It extended at it maximum development 
eight sets of timber above and two below the level from the bottom of that 
shaft, or about ninety feet vertically, connecting to the we tward with the 
Carboniferou ore body. 

The n wer working of the mine are opened by two large three-com­
P• rtment haft , the · aly haft and No. 4 shaft, from which regular rectan­
gular y tern of drift are run. The greate t and mo t continuous develop­
ment of ore i along the northern flank of the dike, but the great thickness 
of pay or found near No. 3 shaft eem to be local in character, as at 120 
£ et north i~ ha decrea ed to 10 feet in tbi kne , and at the bottom of No. 
4 haft it i only five or ix feet thick. No very large bodi s of ore have 
b en found north of No.4 haft, but a number of mall chamber and pock­
et have been found outh and we t of the Daly haft. Thi haft pa d 

through 103 fe t of Wa h, 20 feet of decompo ed White Porphyry, and 50 
£ t of iliciou iron. To the north of it several mall bodies of dark, coarsely­
cry talline blue lime tone were found in the vein material, but no con ider­
able ore bodies. The formation, a hown on Section J, is horizontal, or 
ri ing a little to the north, but to the northeast, beyond the Daly haft, it soon 
commence. to dip at a con iderable angle, and yields con iderable water, 
which form a serious impediment in prospecting. Except in the north­
eastern portion, the Little Chief ground may be con idered to have been very 

thoroughly pro pected, and, a shown by the map, little or no u ele expen e 
has be n incurred in prospecting at the southern end of the claim, where the 
ore horizon has been removed by erosion. The ore it elf differs in no ssen-
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tial point from that taken from the adjoining mines. In the comru nce­
ment it wa:s melted in a furnace, belonging to the company, situat d near 
th shafts, and built on a very uncertain foundation, as with large chamber 
opened so near the surface the ground wa, bound to ettle. I t was oon £ und 
impracticable, moreover, to melt with the ore of a ingle min and the arl­

' an tage gained in tran portation for it own or wa more than count ' rbal­
anced by the cost of that brought from other ruin . Thi cheme wa there­

fore, soon abandoned, and the lag were aft rward · u ·ed a a low-grade or . 

L ittle P ittsburgh . - Be ide the New Di CO \ ery claim, alr ad r de ri bed, 

the Little Pittsburgh Company owns also the Little PittHb urgh and Di ve 

laims, which occupy the area between the Little Chief and Amie claim , 
an d overlap each o that a ~ompromi se boundary line ha been adopt d in 
either case between them. As in the ground previou ly de cribed ther 

are two distinct ore bodies; the one at the outcrop, •he otlt r im mediate] 
north of the dike. The dike it elf i here more clearly defined than b £ re 
and tand \vi th a dip of 70° to the north. In the body of vein materi al 

are found everal thin beet or tringers of porphyry, probably off hoot 
from the heet of White Porphyry , which in the adjoining ground of the 
Arnie mine have split the Blue Lime tone, now represented by sheets of 
vein material , into three di tinct portions, a · hown in Section H. 

The first prospecting haft sunk on Fryer Hill wa the Li ttle Pitt·­
burgh No. 1 shaft, and by a singular coincidence not only is thi the point 
where the ov rlying '\Vash has the least thickne · over the entire surface of 
the hill, but it i where the rock smface is highe t west of the Amie claim, 
and is in the midst of one of the most important ore bodies of the region. 
The shaft is 36 feet deep, of which depth 20 feet is in Wa h and 16 feet in 

ore. Near the bottom of the. haft is a large bowlder of Sacramento Por­
phyry which has fallen from the Wash, and whose under smface is polished 
and triated, showing that in its passage from the head of Evans gulch it 
probably wa fastened in the bottom of the Evans glacier. The ore body 
opened by No. 1 shaft i only the relic of a much larger rna that ha been 
partially removed by erosion, as is . hown graphically in Section I . It 
will, therefore, be under tood that the . description applie to this relic, 
not to the original body. To the south it tl:til1 out rapidl;, Laving dimin-
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i heel to 4 feet at 40 feet and t.o 18 inches at 70 feet from th haft. In 

the end of the outh drift, underlying White Porphyry and overlying Wa h 

are both vi ible. An east-and-west drift explores the whole width of the ore 

b.ody, reaching continuously into Little Chief ground. The body is nearly 

level, and in the . outhern portion bas a slight inclination to the south. It 

greate t thickness is from sixteen to twenty feet. Wherever its upper ar­

face has been reached, the Wash is found re ting directly on it. We t of 

No. 1 shaft the underlying White Porphyry comes up to the level of the 

ea t-and-west drift ju t south of that drift and dips gently to the northward 

on the other ·ide of the drift. East of the No. 1 shaft, near the boundary 

of the claim, the ore horizon con ists principally of chert. Following this 

boundary northward the chert passes into black iro1;1, and contains thin 

sheets of White Porphyry from one foot to two feet in thickne . In the 

abandoned working just south of No. 2 haft a winze wa sunk 120 feet, 

ntir ly th1· ugh White Porphyry, which wa finally abandoned on account 

of gr at influx of water. 

\.t o 2 haft the ore body wa 17 feet thick, and lay immediately 

beneath the Wa. h. A bout thirt. r fe t north of thi haft the first White 

P orphyry in place wa found ov rl ing the ore. North of thi line the 

r horizon, which bi thert ha been very flat, dips rapidly to the north, 

th in line which foll w it de c nding 20 feet in a eli tance of 50 feet. 

From the f ot of thi incline run conn ting drift to the northern body , 

which develo1, on the ore horizon and imm diately above the und rlying· 

porphyrY, rna e of manganiferou iron an d compact reddi h chert, coated 

fr qn ntl , with crystal of pyrolu ite. The ·bert which i developed in 

tho r horizon, and whi h i one of the normal replacement products of 

the Blufl Lime ton , though very similar, _Yet differ omewhat from th 

concr ti n of chert found in th unaltered lime tone, and which are very 

commonly included in the White Porphyry immediate! above the contact. 

'l'he latter i alway compact and homogeneou , while the former readily 

split, into angular fragment , and its joints are frequently coated with deli­

cate c.ry tals. 
Tb onn ectin cr drift from the foot of th incline pa s through thi , 

barren vein material, or through the "White Porph y ry und r it, and cro, mg 

the Gray Porphyry dike, r acb the northern ore body beyond it. 
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The foot-wall of the dike is here not very distinct, but the hanging or 
northern wall has a mooth, well-defined face, standing at au angle of '70° . 
The porphyry of the dike i often very much iron- tained in thi ground, for 

which reason on the foot-wall it is ometime almo t impos ible to di tingui h 

between vein material and dike. On the hanging wall, however, there is 
gen rally a sort of clay selvage, with poli hed urfaces. The outline of 
the dike is very irregular, as shown by the fact that the hanging wall in thi 
ground varies in angle from 75° to 45°, thoug·h the steeper dip i the pre-

vailing one. _ 
In the northern body the rich ore comes directly up to contact with 

the dike. It consi ts mainly of hard carbonate. Near the No. 4 haft it 
is very thick, averaging about thirty feet, and in one part reaching 45 feet. 
It is practically continuous eastward to the No. 31 shaft, where it is again 

30 feet thick, and beyond that into the Arnie ground. To the northward, 
however, the rich ore bodies are very irregularly di tributed in the ore 

horizon, and the ore horizon it elf is apparently rather irregular. It ha a 

general steep dip to the northward, and in the eastern part of the mine a 
tendency to dip also to the northwest. The boundaries between tlH1 rich ore 
bodies and the black iron or chert are very abrupt al o, and often con­
founded with those of the formation. As the drift were mo tly run with 
no other system than to follow these rich ore bodies, it wa very difficult, 

in the absence of any y tematic mapping of the underground workings, to 
form a clear conception of the ore horizon and all its dips and strike. 

As an instance of the confusion brought about in the minds of tho e 
working the mines by thi want of y tern, it. may be mentioned that a 
drift was mn back outh ward from near No. 4 shaft into the porphyry dike 
for 30 feet, and then a raise :vas put ';IP in search of the ore bed, which 
was abandoned, after being clr.iven up 35 feet, on account of the danger of 
caving a they approached the Wash. The manner in which explorations 
were carried on from No. 5 shaft, to the north of No. 3, further illustratr.d 
this. The bottom of the shaft was in chert, which here forms the upper 
part of the ore horizon. A drift run north passed out of this chert in a 

1 The n11mber of this shaft has been omitted on the map. It can readily be di tinguisbed, how­
ever, by its position near the eastern boundary line and a short distance north of the dike. 
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di ·tance of 10 feet, and was then continued 70 feet in the overlying· por­
phyry, at every foot increasing its di tance from the ore horizon. Tbe 
main level from this shaft running northea t also pas ed out of the chert 
into the overlying porphyry, and at about forty feet from the shaft a winze 

was tarted to search for the' ore below; this wa , however, abandoned 

after going 15 feet, and an up-raise was started which was persi tently con­

tinued in the overlying White Porphyry to a height of 70 feet, when the 
W a ll was reached. 

Under the e circumstances it i difficult to ay how thoroughly the 
ground to the north has been prospected or whether the failure to find ore 
bodies there is to be taken as a conclusive proof that none exists. Owing to 

the steep dip of the formation a level was oon reaehed by exploring drift , 
at which the influx of water wa too great to be handled by the pumping 
appliances in use, and exploration became expensive and was easily discour­
aged whe.P rich bodies were not readily found. 

o. 6 shaft wa unk to a depth of over two hundred feet, passing 
through 93 feet of Wa,h, 75 feet of White Porphyry, and 42 feet of vein 
mat rial with a porphyry treak in the middle, into Parting Quartzite, and 
then into the lower beet of Whi te Porphyry. Drifts to the northwe t from 
tbi haft find mall mas e of dark cry talline limestone in the vein mate­
rial, ' imilar to that found n ~ar the Daly haft, in Little Chi f ground. The 
two north rn hafts, No. , on Dive ground, and Winnemuck shaft No. 7, 
had not reached the ore horizon at the time of examination, but had pa sed 

through a heet of Gray Porph:rry above the \Vhite Porphyry. Thi is 
pr bably a part of the main b et of Gray Porphyry corresponding to that 
in Little Stray Horse Park, which once covered the whole of Fryer Rill, 
but has since been removed by ero ion. 

Beyond the limit of the Little Pitt burgh claim the Four Per Cent. 
Ghaft reached the ore horizon at a depth of about one hundred and sixty­
five feet, finding vein material, but, so far as known, no considerable bodies 
of ore 

Arnie mine.-The Arnie claim is very nearly parallel and next east to the 
Little Pittsburgh, and the rich northern ore body of the latter, as well as 

the porph) ry dike, can be traced continuously from one into the other. 
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The porphyry dike is, as before, well defined on the hanging-wall ide, 
having a clay selvage and some appearance of slicken ide ; its angle of 
dip is no longer as steep, averaging from 45° to 50° , and its thickness is 
also very variable, at one point being only 18 feet, at other thirty to forty 
feet, and in one case a dr~ft was run in it 70 feet, and a rai e was then made 
up to the Wash. It must be borne in mind, however, that the portion of 
the dike exposed by the few mine drifts which cut it i very small, relative 
to the whole mass, and that the variation in dip may, in many case , only 
represent irregularities in the form of the body, and not variation in the 

dip of the mass as a whole. 

The stringers of porphyry seen in the Little Pittsburgh ground have 
here enlarged into extensive sheets, which spli t up the ore horizon into three 
portions. The upper portion represents the greater part of the Blue Lime­
stone body and fnrni. he, the main supply of ore, the ecoucl and third ore 
bodies being simply irregularly-shaped portions, which were separated at 
the time of the injection of the porphyry, and have ince been changed to­
vein material by the action of the ore current . A the e.lower bodie have 
yielded but little pay ore, they have not been as thoroughly explored a , the 
upper one, and their outlines, as given on Sections A and H, are more or 
le hypothetical. 

The ore of the Arnie mine is, as a rule, much richer than tho e already 
de cribed. Even the iron vein material often averages ten to twelve ounce 
per ton in ilver, in large masses, and, being comparatively free from ilica, 
has been profitably employed as a flux by the smelters, in place of the 
Breece Iron ore which they bad hitherto bee~?- using, and which wa, rela­
tively much more expensive. The rich ore, mo tly dark . and carbonat s, 

generally occur at the top of the ore horiwn, immediately under the over­
lying porphyry, a clayey~ iron oxide, with more or le s manganiferous or 
black iron, forming the base of the horizon. Chert is much less widely 
developed than in the previously-described mine . A considerable amount 
of o-called "Chine e talc" i found throug·hout the rich ore bodie, , doubt-
1 s the product of alteratio·n of stringer of porphyry in the original 
lime, tone. South of the dike no considerable quantity of rich ore had 
been found at the time of examination, as the map shows; explorations had~ 
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however, by no means covered all the possible ground in which it migbt 
occur, so that the statement, that the southern ore body previously ob erved 
does not extend as far east as tbi , rests on rather negative evidence. I n 
only one point in the southern workings bad a raise been made which found 
the Wash resting direct] y on the ore horizon. Elsewhere the covering 
of White Porphyry still remained. The actual width of the outcrop of the 
ore horizon in this ground is deduced from observations in the adjoining 

mines. 

The workings of the Arnie mine have been in telligently and temat-
ically conducted from the very comm encement, o that it has bad advan­
tages in the cost of extraction of ore over other mines, and ha been able to 
mi ne even the low-grade iron at a profit. T wo compartment shafts, No. 1 

and No. 2, each provided with cage , were sunk entirely through the first, 
and at that time the only known, ore horizon, near the ea t and west limits of 
the claim, respectively. 'fhese were connected by a main level provided 
with a tramway, from which eros· -drift underrun the mai n ore body , so that 

in mining the ore require but one handling, fa lling direct!; from the stopes, 
through ore hoots, into the mine cars in which it is taken to the surface. 
Shaft No. 3 and No. 4 were unk later, to explore the grou ncl to the north 
and south of the main ore body , re pectively. 

'rbe thickne of different rock formation pa sed through by these 

shafts will serve to bow their irregulari ties and part of the data on which 
th ections have been constructed. T hey are a follows: 

I White Iron vein White I ron vein White Iron vein White Silurian 
W nsh. Porphyry. material. PorpLyry. material. Porphyry. material. P or phyry. form!ltion. 

1----J--;·'----1----1-----1----1------------1--~-1 
Feet. Feet. 

N o. 1 ~h a ft , ... 75 55 

' o. 2 aba.ft . . .. 75 25 

o. S abaft . . .. 125 25 

~ o. 4 s haft . . .. 50 25 

Feet. 
16 

10 

5 

25 

Feet. 
20 

I 
70 

40 
12 

Feet . 4 Feet. 20 .. --~~~~--- .. ... -~~~~--- .. .. . _F~~~·j .. _ 

~: ....... .. ~~ .......... ~ ..... .. ---~~- . ..... -- - ~~ -
9 12 3 60 ... . . . ..... . 

The main level, which ha an elevation of 10,365 feet, i 150 feet and 
160 f et below the collars of No. 1 and No. 2 shafts, respectively, the col­

Jars of these shafts being placed about ten feet above the ground to allow 
space for the dump. .K o. 2 shaft, it will be observed, has been unk to a 
considerable depth in the Silurian formation, in whi ch it ba developed the 
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White Limestone, with its characteri stic white chert segregations, but no ore. 
It was intended at time of visit to continue it still farther, as soon as a Corn­
ish pump could be put in to control the great influx of water, which is 
almost invariably found when a certain depth is reached. Although there 
is no geological impossibility of the occurrence of ore in depth, the facts of 

observation are so unanimously adverse to its probability that this may be 
said to be a misdirected expense of labor and money, and one which, if 

devoted to the exploration of the Blue Limestone horizon in any of its 
various subdivisions, would be far more likely to yield practical results. 

The main ore horizon north of the dike bas a general dip to the north­
east, although, as defined by its general contact with the underly ing por­
phyry, it inclines locally to the northwest near the Climax boundary. The 
main ciip of the formation is, however, to the north, and, as in the previou ly 

described mines, this dip steepens rapidly in the northern part of the claim, 
though the gentle dip continues some distance north of the main body. The 
first lower sheet of porphyry, as developed by the drift driven from No. 1 
shaft to connect with No. 3, is remarkably fu ll of chert fragments, most of 

which appear to have been simply caught up in the porphyry flow; some, 
on the other hand, are apparently segregations in the mass of the porphyry 
since its consolidation. 

The principal ore body occurs along the north flank of the dike, in 
some cases being seen to wedge out between this and the overly ing White 
Porphyry. It is very variable in thickness; thus at No. 2 shaft the whole 
horizon is only 10 feet thick; at 70 feet to the southward it ha thickened 

to nearly 50 feet, of which the upper 30 feet are in pay ore, mostly ri ch 

sand carbonates. A similar large body of sand carbonate, 20 feet in thick­
ness, was found above the main level east of No. 1 shaft, ·which was 45 feet 
in length. As already mentioned, most of these bodies are in the upper 

part of the ore horizon; rich ore also occurs irregularly in different parts 
of the horizon and also in the lower ore sheets, though the latter contain as 

a rule a maller proportion of pay ore. Explorations to the northward, as 
far as conducted find a large proportion of barren ground in the ore bori­
zon, and, as el ewhere, the influx of water as the forma,tion descend ren­
ders exploration difficult and expensive. Several small ore bodies have, 
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however, been opened by No. 3 shaft, which are sufficient to prove that ore 
does exist in this direction and to justify further exploration.1 

Climax mine.-The Climax claim is parallel to and adjoins the Arnie on 
the east. The structural conditions are, however, somewhat different in the 
two claims. The ore horizon i still split up into several part , but, owing 
to the erosion of the ere t of the anticlinal fold, which runs n01thea tward 
along the east boundary of the Climax claim, a much greater proportion of 
the ore horizon has been eroded off the area of the claim, and the outcrop 
of what remains run northea tward nearly parallel to its side lines. 

The mine ha been worked only intermittently and without much 
sy tern, and, as a considerable portion of the workings were inacces, ible at 
the time of vi it, information in regard to them could only be obtained by 
'vord of mouth, and leave much to be de ired in point of completene and 
reliability. The general outlines of the structure were, how _ver, ufficient.ly 
well determined by the examination of tho e workings which were acces-
ible, and the uncertainty exist mainly with regard to details of ore dis­

tribution. 

The mine H'Orkings con ist of two di connected groups, a southern and 
a northern, the form r of which followed the eastern extension of the Arnie 
body, the latter the we tern exten ion of the Dunkin body. Between these 
are the contract or 1 a ed working·R, which, a their name implies, were 
worked by other patti under lea , of which no plats could be found, and 
about which little information could be obtained. 

The southern working are opened by haft No.3 and No.5, shafts No. 
4 and No. 6 having b en unk independently to explore the ground further 
outh and not connected with these workings. Of No. 6 it is onl known 

that it was unk through 160 feet of Wash and reached a body of iron 
vein material in the top of the White Lime tone. · Shaft No. 4 cut two 

bodies of vein material, which are probably part of the lower ore horizon 
of the Arnie mine, before reaching the White Limestone. It would seem 
probable that the drift from this shaft might have cut the porphyry dike. 
· nfor.tunately at that time miner made no distinction between White and 

ray Porphyry, and no defin_ite information on that point could be obtained. 

J 
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The first level from No. 3 shaft, at 100 feet below the surface, starts 
in the White Porphyry below the upper ore horizon, which pitches at 20° 
to 25° towards the Arnie line. Drifts were run to the north and west and 
to the southwest on this level ; the former pas es at 20 feet from the shaft 
into the upper ore horizon, whose lower portiou consist of oft red silicious 
iron, passing into soft black iron or into chert; turning westward it reaches 

the continuation of the sand carbonate ore body of the Arnie, from which 
considerable rich ore was taken. The southwest drift runs mostly in the 

underlying porphyry, in which are several thin, tt·eaks of ore and of Chine e 
talc. To the west of this drift, near the Arnie line, are old stopes, fr m 

which a peculiar white sand ore, lying at the top of the ore horizon, was taken. 
This ore is said to resemble a decomposed porphyry so much that at fir t 
it was supposed to be worthless, but on examination was proved to be 
extremely rich, assaying as high as 1,600 ounces of ilver and giving mill 
runs of 300 ounces, but containing little or no lead. It is probably the 
result of a leaching of the original ore body, during or ub equent to the 

process of erosion. 
No. 5 shaft was sunk later and pas ed through 125 feet of Wash, 5 

feet of iron, and 110 feet of White Porphyry, stopping in the Parting 
Quartzite and White Limestone, which here dip gently northward. A drift 
to the north we. t, on the 383-foot level, from this haft, and a western branch 
from this drift in the direction of No. 3 shaft find a small body of iron in 

the porphyry, which may correspond to the second ore horizon of the Aruie 
mine. A drift to the northward, on the other hand, find qual'tzite in the 

midst of the porphyry, which is suppo eel to be a detached portion of the 
P arting Quartzite, as hown in Section G. 

The northern workings are opened by No. 1 and No. 2' shafts, and also 

connect with the northern Contract shaft. The workings from the latter 
have developed little of importance; the shaft was sunk through 85 feet 
of Wa h and 30 feet of iron vein material. Drifts to the south and west 
ri e to the overlying Wash at their extremities, but develop no ore bodie:'. 

To the north the workings follow some thin streaks of pay ore stand ing 

nearly vertically in the iron vein material. 

1 T!Je number of this shaft has been omitted on the map; it lies near the Dunkin line, about Olle 

hundred feet southwest of No. 1. 
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Climax No. 2 shaft is 138 feet deep, of which the upper 90 feet ar in 

Wash and the rest in the body of vein material, which i here eparat d into 

two parts by a beet of very compact White Porphyry, a shown in e t.ion 

E. This dividing porphyry which is only 1 inche thi ck in lhe n rth­

we tern part of the workings, dip to northea t, in rea ing in thickn ~ 

as it goe down, reaching four feet at the Dunkin line, and at Dunkin No. 

2 haft merging into the main lower body of White Porphyry. Th prin­

cipal ore body, which i found directly a.bove thi dividing porph rry, ha 

a thickne of about feet, increasing · to lli feet along the lin f the 

Dunkin claim. The ein material here con i ts largely of highly tnHJwa ­

niferou iron with clay and chert g nerally at the ba~e. The working 

northea t of No. 2 have been carri ed up to theY¥ a -h, whi h h r con i:t of 

and.an·d rounded pebbles, without meeting clay or the iufl.ux of water whi h 

are almost invariable accompaniment of the Wa h. At Climax .No. 1 haft 

the ore horizon was found directly below 100 £ et of Wash1 in a . ingle 

body :~8 feet thick. This haft wa unk to a d pth of 220 feet, reaching 

ome iron vein material in the bottom: which i uppo ed to be at the top 

of the Silurian formation, as in Climax No. 6. The lower north-and- outh 

drift from No. 2 haft, which i mainly run in the White Porphyry below 

the ore horizon, al o cuts White Lime tone at it southern end. 

Virginius mine.-The xtreme uthern end of the \ irginiu claim over­

lap the north rn nd of the Climax ground, and along the south line of 

the former two haft have been unk to the ore horizon and connected 

by drift and winze , the working des endin O' in step toward the we t. 

1 he main, or No. 2 shaft, wa sunk through 136 feet of Wash, 40£ et of 

porphyry, and forty to fifty feet of vein material, pa ing at the bottom 

into dolomite and sand, which were dipping north we t. The vein material 

here was impure, containing much manganese, with clayey and sandy streaks. 

North of the shaft a cave was found near the top of the iron body, ten 

to fifteen feet in length and four to five feet in height 

Drif.t and stope connect with the No.3 haft, near which a small body 

of ore wa taken out, which ran about forty ounces of ilver to the ton. 

The main body of vein material in this part of the mine carries from two 

up to ten or fifteen ounces of silver to the ton. The east drift from this 
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shaft was cut through the bottom of the ore horizon into underlying Whit 
Porphyry. Explorations have not been carried far to the northward on 

this ground, owing to the steep dip and great influx of water. Probably the 
yield of the ore did not eem to justify the expen e that would be nece a­
rily incurred in putting up a pumping plant capable of handling the water. 

On Section G the continuation of the ore horizon to the north has been 

represented as unreplaced limestone, simply becau e it has not been proved 
to contain vein material, though it is impossible to say whether it does or 
not until it has been actually explored. 

Dunkin mine.-The Dunkin claim lies next east to that of the Climax. 

From it a large amount of rich ore has been obtained, and exclusively from 
the continuation of the northern shoot, ob erved in the Climax ground. The 
eastern continuation of the main ore shoot of Fryer Hill , which lies on the 

north flank of the porphyry dike, has, as the map show , been entirely eroded 
off the Dunkin ground and th ]aims to the outh of it. Whether the 
outcrop of the porphyry dike i entirely wanting between the Arnie and 
the northea t corner of the Big Pitt burgh claim, a represented on the map, 
is not known, ince there are no underground explorations in thi area from 
which data may be obtained. It is mo ,t probably continuous in depth, but 
has not been indicated a outcropping, on the principle of repre enting as 
far a po sible only what is actually known. The great breadth of outcrop 
of the ore horizon on the Dunkin ground is due to the fact that it lie along 
the crest of an eroded anticline. There is some evidence to show that in 

some part of the area covered by this outcrop 'patches of White Porphyry 
till remain between the vein material and the Wash, but it is not sufficiently 

definite to locate or outline these patches, and their existence does not inval­
idate the general truth of the structure, as given by the outlines on the map. 

The Dunkin mine is opened by three shaftR, No. 1, at the south end; 
No. 2, in the middle; and No. 3, at the north, as shown in Section D. 
Besides these is an old No. 1 shaft, which, being in an area of barren vein 
material, is no longer u ed. The main working shaft is No. 2, near the 
center of the cla.im, a well as of ore developments. From this three sets of 
level are run, at 10,425, 10,405, and 10,357 feet elevation, respectively. 
The Wash was here 90 feet and the ore horizon 40 feet thick, the first level 
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startin g about fifteen feet below the Wash and t11e second near the base of 
the ore horizon. The third level is in the Parting Quartzite at the shaft. 

No.1 shaft wa unk through the underlying White Porphyry to the White 
Lime tone, and i connected with No. 2 only on the econd and third leYel . 
Old No. 1 shaft found twenty to thirty feet of vein material above the por­
phyry. No. 3 . haft found the vein material dir ctly beneath the Wash, 

and was sunk through it into Parting Quartzite and underlying porphyry. 
Only the third level connect directly with thi haft. 

The most important ore body occurs between the fir t and second levels, 
extending southeastward from No. 2 haft into the fatchle s ground. It 
averaged from ten to ixteen feet in thickness and perhaps forty feet in 
width. Both ore body and ore horizon dip to the eastward on this side of 
the shaft, at an angle of about 15° . The drift from the first level pa , 
to the southeast, rapidly into a body of black iron above the ore body and, 
to the southwest, into black iron and reddish iliciou iron. At the end 
of a drift to the outh a oarse and i found at tile top of the ore horizon, 
whi h in om ca e i found to be impregnated wi th silver, and con titutes 
a rich ore. rrhe we t drifts in the econd level, after pa sing throuo-h com­

paratively barren vein material, cut diagonall aero the parting sheet of 
White Porphyry, which ha11 already been noticed in the Climax ground, 
and reach the ea tern end of the Climax ore body, immediately underlying 
thi beet of White P orphyry. The ore here consi ts of galena and , and 

carbonate . 
In addition to the ore bodies above mentioned, later explorations have 

di covered numerous small bodies or patches of ore in the upper part of the 
ore horizon, immediately unde1· the Wash. An interesting occurrence here 
wa a mas of angular fragments of White Porphyry, cemented together by 
galena. The rich white sand notieed in the Climax ground was also fonnd 
h re in place . The galena in thi mine is g·enerally coarse grained, and 
sometimes exceptionally rich in silver; as elsewhere it tenor in silver i 
usually higher than that of the carbonates. A mill run of galena from the 
upper workings yielded 500 ounce of silver to the ton. 

On the third level no pay ore ha s been found , but the developments are 
intere ting from a tructural point of view. It runs northeasterly through 
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the middle of the claim from the bottom of 1 o. 1 shaft to 160 feet beyond 
the bottom of J o. 3 shaft. At r o. 1 shaft, and for 40 f et north of it, it 

runs in Whit.e Limestone, dipping 20 northea t, "hich i more or l 

tai.ned, and occasionally replaced by clayey iron oxid . It then run into 
decomposed and iron-stained porphyry, which i in place o laminat d that 
it might be mi taken for a shale. The Parting Quartzite, which is di int -

grated and contains thin layers of blui h hale, come i. at 160 feet from 
No. 1 an~ continues for 100 feet, lying. nearly horizontal, and probabl r 

represents a minor roll in the formation, a · hown in Section D. Be ·ond 

No. 2 shaft the quartzite give way to compact White Porphyry, in wl i h 

a cross-cut to the ea t show the iron body resting on it and dipping ea t­
ward. At the bottom of No. 3 haft the Parting Quartzite i again ut, 
here being above the ·white Porphyry and immediately under the iron 
body or ore horizon. The drift then run · for 80 feet through the iron body 
and suddenly pa ses into decompo eel Blue Lime tone, which, on the id . 
of the drift, has all the appearance of the olid unaltered rock, showing the 

strati fication plane dipping northeast at 40° , the characteri tic ribbing of 

white spar, and an occa ional fo sil resembling a Euomphalus, but. which 
when taken in~o the hand immediately crumble in to fine lime- and. A 

partial analy i of this lime-sand is given in Appendix B, Table VI, which 

bows it to have the normal proportions of lime and magnesia contained 
in the unaltered rock. To~ard the end of the drift the dip shallows, prob­

ably because it is becoming more nearly parallel with the strike of the 
beds. At the very end the roof of the drift ba caved, . howing decompo ed 
White Porphyry immediately above the limestone and vVa h a little di tance 

above that This point, it will be observed, i almost opposite the working 
of the Virginius claim. Beyond it the ore horizon has not been explored, 
nor is it likely to be until powerful pumping machinery is introduced capa­
ble of controlling the great influx of" ater. 

Matchless.-The Matchless ground, which lies next ea t of the Dunkin 

claim, has been relatively little explored, probably because in early days 

it was considered nnpromi ing ground, since the few prospecting shafts that 
were sunk did not strike ~-:ich ore. The indications afforded by the map, 
which show the condition of explorations at the time of this examination, 
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show, however, that both the Dunkin or northern ore body and the Lee 

body, which is the main ore hoot of the hill extend into it, and may be 

rea onably expected to join together on thi ground. Moreo:ver, it ha a 

laro·e extent of unexplored gTound in the northea tern part of the cl.airn 

whi h, tuotwh le promisinO' than the southern part, is certainly worth 

pro pecting. 

The Di covery haft and the Main haft were unk, the one to the 

outh, the other to the north of the continuation of the Dunkin ore hoot. 

The Main haft wa sunk through 110 feet of Wash, 20 feet of \¥"bite Por­

ph) ry, 15 feet of chert., 30 feet of iron and through the under} -ing White 

Porphyry to the Silurian formation, which it reached at a depth of about 

two hundred and fifty feet. (See Section E.) In a drift on the top of the 
iron body, everal small layer of lime· and were found immediately under 

the overlying White Porph; ry, which wa it elf much decompo ed and full 
of egregations of iron oxide The ore horizon, where cut by thi haft, 

c ntained little or no pay ore, but where the Dunkin ore body wa found 

t extend to the Matchle line it was followed into the ground of the latter. 

H or it ha a width of about fort feet and i from eight to ixteen feet in 

thi kne · . It extend in a northea terly direction and descends rapidlv to 

the ea tward. Th vein mat ri al i a cherty or iliciou iron, and the pay 

r a reddi h clay y ma of sand carbonate,yielding much lead and silv r. 

At the time of vi it no connection bad b en made between thi ore body 

and tho e to the a t and outh. 
Th Leonard or outh rn haft wa unk to trike the continuation of 

th L bod , which had b n found to extend aero the wedge- hayed 

portion of the Hibernia claim, bet\' een thi and the Lee ground. It wa · 

' ~nk through 95 feet of Wa h, 10 feet of ore, 15 feet of chert and 12 feet 

f quartzite to th under! ing 'White Porphyr;. A far a ' at pre nt 

xplor d, th ri h ore body is confined to a narrow trip of ground along 

th Hibernia a.nd Big Pitt burgh line . It lie upon the Parting Quartzit , 

e ith r directly or sepa.rate l by a floor of chert, and therefore occupi e · the 

v ry lowe ·t pvrtion of t.he Blue Lime tone horizon. In the northeast com r 

f the claim it abuts directly against the Gray Porphyry dike, which till 

dip to the northward at a steep angle. Although narrow, the ore body is 
~ION XII--31 
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ver - thick, reaching 30 feet in pla es, and i extremel ri h. Thi ore 

differs from any hitherto ob erved on Fr; er Hill in that it is almo t entir ly 

free fi-om lead. Its il.ver exists a fine particles and films of chlorid or 

· hl~ro- bromide, disseminated through an ocherou sandy mas , and ·ome­

time coating the crack and clea,-age face of the ch rt. Another diffi r­

enee between this ore bod and tho e of the porti n of the hill alr a 1 

described is the mall arnount of mangane e found, and the ondition of 

the iron oxide, which is here more generally anh ·drou ', wher a in otller 

parts of the region it i always hydrated or in the form of limonite. 
Hibernia and Big Pittsburgh.- Tbese· two claim will b de cribed togetlt r, 

a: the only portion of them yet found productive is the extreme northern 

edge, where the we tem continuation of the Lee ore body ext nd a hort 

di tance a ross their line . The Gray Porphyry dike i here about thirty 

feet wide and very well defined, cutting aero · .th Blue Lime tone horizon 

into the underlying ·white Porphyr ; and pay ore has thn' far be n con­
fined mainl - to it northern fl~nk ·, though a will be hown later, ther i 

aood evidence for assumina that the continuation of the outhern ore h ot, 

a developed in the ground to the we tward already de cribed, once exi ted 

h re also, and that it should be sought for further ea t, where the or hori­

zon ha not been removed by ero ion. 

The Hibernia haft which wa.s unk just south of the dike, pa · eel 

through I 00 feet of Vv ash into oft bla k iron, with chert at the ba e and a. 
little pay ore, having a total thickne · of about twenty-five fe t_ Drifts 

run northward from the shaft acros the dike to connect with the tope m 

the littl triangular or wedge- ·haped point of the claim beyond. Tb e 

. tope were five sets of timber high, and the littl8 triangular area wa. an 

almost olid rna of rich ore; near the top Was a layer of chert extending· 

from the Lee ground, which wa there uppo eel to be the top of the ore 

body; it wa here broken through and the ore found to extend up to the 

\Va ·h. Th~ quartzite floor dips northward into the "Matchles. ground­

South warn from the shaft a prospecting drift runs over two hundred feet 

in the underlying White Porphyry, striking the Parting Qua.rtzite at the 

end. A ro ·s-cut to the eastward from this drift find barren iron re ·ting 

on the White Porphyry, and a winze sunk in the floor of the drift is said to 

have found White Limestone. 
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Westward from the shaft, a drift run through White Porphyry, which 
connects with the McCormick haft of the Big Pittsburgh, on the dividing 

line between the two claims. This haft wa sunk by Mr. rfingley 

vVood, uperintendent., aft r explorationl5 in the outhern portion of the claim 

had proved fruitle s, with the idea that a portion of the Matchle body 

might be found within the Pittsburgh line . Hi expectation were r al­

ized, and a narrow trip of very ri ch ore wa found north of the dike and 

directly under the Wa h, being, a the map hows, the extreme outhern or 

lower edo-e of the Blue Lime tone outcrop. . From thi ·haft two ro - ut 

were run northward across the porph ry dike toward the north line of the 

claim, and an up-rai e made along that line di clo ed the ore bod:· above 

the White Porphyry or P arting Quartzite, as the ca e might be. U p-rai s 

were al o made in the porphyry dike, which hon·ed that it extend d up to 

tb Wa h, or, in other word , outcropped. Owing to a. un eyor' error the 

line drift wa run on the fatchle ide of th boundar line; but, the erroe 

b in di ov red, the Matchle wa reimbur ed for the ore taken from its 

r und. ·what i known about the balance of the ground owned by the Big 

Pitt bnru-h ompany will be given below in the de cription of the onth m 

portion of th ma1 . 
Robert E. Lee.- Thi claim, in pite of itl5 mall a rea, ha been among 

the a-reate t ilve1: producers in the district. J t ha been owned by differ­

ent individual , and for variou rea on it ha not been possible to obtain 

very tru t.worthy figur with r o·a rd to the actual value of its product. 

The ore ha been remarkable for its high t nor in ilver Lncl it freedom 

from l ad. It is aJ o very iliciou and contain· a relatively small p rcent­

ao· of iron, for which rea on it is by it elf n~t o well adapted for t'melting 

aJ the averag ore of the di trict, and a great deal of the low-grade ore 

from the mine has be n reduced by amalgamation. The ore horizon i · here 

dire tly overlaiu b a body of Gray Porphyry, 'vho ·e thickne s could not 

be a cer.tained. It i e id ntly of limited extent, a it wa not cnt by the 

·haft of the adjoining claim . It may be an offshoot. .from the dike, or, it 

in licat d on the map, imply a mall intru ive heet. In the we tern por­

tion of th claim this porphyry-cov ring, too· ther '''ith the norm::tl sheet. 

of White Porphyry and the main Gray orph) ry heet above that, ha 
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been eroded off and the. ore body extend up to the Wa h. A thin quartzite, 

evidentl)7 belonging to the Weber formation, is often found dir ctl above 

the ore horizon. The main ore body wa almo t perfectly ontinuou , 

varying in thickne from a few in he up to twent) -five feet, and generally 

o' erlaid as well a underlaid by dark-blue chert. At the time of vi it a 
layer of ore was being folloired which consi ted of barite thoroughly im­

pregnated with chloride of silver. ,.rhe rich ore i . ometimes a red andy 

or clayey mass, and sometime on i ts of chert or iliciou iron, whose 

cracks and joint are lined with hl01·ide of silver. The ore in general, a it 

come. from the mine, is characterized by it bright-red color, due to the 

pre ence of anhydrou iron and ab ence of manga.n e oxid . 

The principal working shaft of the mine at time of vi ·it wa the 

Jo. 2, from which two levels ·were run; the old No. 1 or Ladder haft wa 

no longer u ed for the extraction of ore: and the new haft to th northea t 

of these, de igned to open the ore body on the dip wa not t w rking. 
The main thickne and the riche t portion of the or bod - lay to the 

outh of haft · No. 1 and No. 2 between the e and th dike. Directly 

south of No. 2 i a mall irregular ~beet of Gray Porphyry, cut in the lower 

level in a thickne s of four to ·ix feet, which seem to run partly. with the 

stratification and partly aero - it. Too little of thi body wa expo ed to 

afford ufficient data for determining its extent or origin, but it evidently 

acted favorably on the concentration of ore in it vicinity, probably by 

arresting the flow of the ore-bearing olation and giving them tim to pre­

cipitate the minerals they held in olution. The drift in the we tern part 

of the mine had been extended ·outh until they reached the porphyry dike, · 

but, singularly enough, in the ea tern part of the mine they stop before go­

ing so far south, it seeming to have been taken for granted that the dike 

would cut off the ore indefin'itely in that direction ; whereas there i every 

rea on to believe that at no great di tance to the ea tward it will continue 

outh over or acro, s the line of the dike. It i hardly necessary to say that 

the outlines of the ea tern end of th dike, as given on the map, are on e­

quently found ed onl) on g·eneral probability, there having · been no explo­

ration to determine its exact limits. The ore horizon in the Lee ground has 

n relatively teep dip to the northeast, which may be taken a. averaging 
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about 25°. Explorations on the dip to the northea t and northwe t find the 

ore more irregularly distributed throughout the horizon and not o concen­
tl·ated a in the older workings; nevertheles they in dicate an exten ion of 

ore deposition in that direction ufficient to ju tify more extend d xplora­
tions. In the early days no maps were made of the und ra round ' orking , 
the service of surveyor · being only called upon -from time to time t deter­
mine points for the connection of drifts and for the location of haft on 

the urface. Tho e given on the map for thi mine are the re ult of rough 

survey made by us in the cour e of our examination , checked by mea -

urements kindly given by the surveyor who had ~tt variou time been 
employ d in the mine. They represent only the principal drifts whi h 

were in u e at the time of examination, the intermediate ground being 
la.raely occupied by tope and drifts no longer u eel. 

The later workings are sy tematically conducted from tV~ o main level , 
th 320 and the 350 foot, the tation of the former being 192 feet below the 
collar f No. 2 ,'haft. The No. 4 ' haft of the Lee claim, on the outh . ide 
f Little tray H r e gul h, find the iron body dir ctly under the \\ a h. 

A . et littl attention ha · been given to thi portion of the claim, although 
it certain] de erve it, a from analogy with othE: r parts of the hilt it would 
-e m a · lik ly that ri h ore bodie hould exi t under the lee of the dike 
her a there, and they might 'extend till farther ea tward. 

L ittle Sliver.- On thi claim, which lie next east of the Lee, a commence­

ment of xploration of the ore body ha been made, and very promi ing 
ore d po it are being found. The Sliver haft wa nnk through about 

one ht~n dred and twenty-five feet of Wa h to Gray Porphyry, and found 
the u ual thin bed f shales and sandstones at the contact of this with the 
White Porphyry, which were here more or le s replaced by iron vein ma­

terial. 
The Tip Top haft, still further ea tward, a little beyond the limit of 

th ~ap, found these hales, with a certain amount of carbonaceou · material, 
at a depth of 245 feet. In them were some mall pockets of galena and 
carbonate ore. 

Southeast corner of region mapped. - A con iderable area still remain in the 

southea t part of the region repre ented on the map, from which the ore 
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horizon ha not yet been eroded. It has a yet been but little explored, 

partly becan -e of its deep covering of Wash and of the great influx of water 

due to its position on the we tern rim of the Little tray Hor e Park ba in, 

and partly becau e the pos ibilities of the exi tence here of valuable bodi 

of ore have not been generally under -tood The only actual dev lopment 

thu far made have been by the Surpri e haft, on the :Ma Qu en laim, 

and by tbe Denver City haft, on the claim of th8 arne name. The former 

found vein material directly beneath the Wa h, at a depth of 140 £ et, on­

si ting largely of chert and black iron at th ba e, with oft, cla; ey, low­

grade ore above. An i11cline wa run, following the pit h of the ore boot to 

the southwe t, although the dip of the formation i here to the ea tward, a 

wa. oon hown by the we t rn drifts, which cut the Parting Quartzite 

beneath the ore horizon. orne o-ood chloride ore wa afterward found by 

up-raises which reached a higher portion of th horizon. 1 

The Denv r City haft in the extr me outheastern corner f the map, 

i nearly on the ere t of the moraine ridge which border· Stray Horse gulch 

on the north. The Wa h wa here 180 feet deep, beneath which th main 

sheet of Gray Porphy1T wa found in a thickne of about twenty feet. Und r 

thi was a thicknes of some twelve feet of calcareous and tone and hale, 

containing some low-grade ore, which wa at firt uppo;,ed to repre ·ent 

the ore horizon, though it i in reality only the irregular parting of Weber 

Shale left between the Gray and the White Porphyry. The true ore horizon 

was afterwards truck at a depth of ~3 ~ feet, and rich pocket of chloride 

ore were found in it. It was pa ed through by the shaft for about fifty 

feet, ending in a bed of chert, ';vith White Porphyry, so full of chert frag­

ment as to be called by the miner a conglomerate, below it.2 

There is n~ que tion that a part of the . Blue Lime tone is already 

opened by the work of tbi ~ mine, but the haft i loc.ated so near the 

imaginary southea. t-and-northwest line, where the lower White Porphyry 

c1,1ts aero the Blue Lime tone, eparating it into two wedge-shaped por­

tions, that there is a pos ibility that a portion of this horizon may yet be left 
1 Since ttio close of field-work, la rge and rich boilies of ore are said to have been opened in the 

Fore t City ground, to th east of this claim. 
q1'hese data. were obtained from Mr. Robert Buu en, superintendent of the Denver City mine, 

eiuce the completion of field-work and are not the re~u l of our owu observations. 
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below the eros -cutting White P orphy ry , in ce the Parting Quartz ite, whi h 

defin e· the base of the Blue Lime tone horizon, has not ) el been r a hed. 

A -it i a question of considerable economical importance for own r ' of 

property in this vi cinity to know whether a econd or hori zon i likely to 

be found beneath the econd White P orph) ry b dy, the eviden e on whi h 

it ha been indicated on Section C a probably not oc LuTing b n ath th 

Den ver City haft will be given iu some detail. 

The Denver City haft is situated in strike between the L ee mine on 

the nortll and the Aga. siz on the south, as may be een by reference to the 

la ro-er map of L ead ville and vicinit3·. In tile fo rmer and in the , urpri 

working · the wh ole B-lue Lime. tone hori zon i aboYe th e ond White 

P orphy ry, a evidenced by the occurrence of the P arting Quartzite at it 

ba e The Agassiz mine, on the other hand, i near the outh point f th 

wedge of Blue Limestone, while th gr ater part of thi formation mu t be 

below the econd White Porphyr , forming a continuou heet, xcept 

wh en ro ed by later intru ion, of Gray Porphy ry, from the outerop on 

the w , t fa e of Carbonate Hill. rrhi lower portion of Blu Lime tone 

or r hori zon, on the other hand, mu t wedge _out to the north and ea t, 

a the 1.1pper one doe to the outh and we, t, a.nd the que ti on to be decided 

is whether it ha wedg~d out before the line of the Denver City haft is 

rea bed or not. It i proved on tray Horse Ridge, to the west of the Denver 

ity and below the lower White Porph ry, by the Moyamen ing, Joe Bate , 
Vanderbilt, Pier on, and other shaft , and in the valley of Little Stray 

Horse gulch by the Sto.ne,v,all Jack on haft. With regard to the latter, 

it i only known that a body of vein material ha been found beneath the 

vVa h. In the Pitt burgh shaft next north of this, however, White Lim -

tone i found directly beneath the lower 'Vhite Porphyry, ho>' ing that 

the wedo·ing-out ·occur between these two shafts and approximately as indi­

cated on the map. The exten ion of the line of wedging-out to the south­

ea t, which is the general direction of the cro -cutting porphyry, would 

pa s to the we t of the Denver City shaft, but in all probability not very 

far from it, so that theTe i a probability that no second ore horizon occur · 

there. On the other hand, a the porphy ry heet are necessarily ome­

what irregular in hape, it cannot be aid to be impos ·ible that a thin sheet 
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of ve in material m:ty be found, e pecially as the thickne s already d vel­

oped of about fifty feet isle s than that found in many pla , even wh re 

the entire thickne ·s of the horizon ha been replaced by vein mat rial. 

Li~tle Stray Horse gulch.-There till remains to be de · ribed the r gion 

bordering thi::; valley, from which the Blue Limestone or ore horizon ha 

been removed by erosion. The data with regard to it were mainl derived 

from dumps of abandoned prospect shafts and from te timony of miners 

who had unk the haft, and are given,by the outline on the map, in addi­

tion to which there i not much to ay. It will be understood that the 

relative accuracy of the e outline is dependent upon the proximity of the e 

haft since there are ab olutely no rock outcrop . 

The Littl e Diamond shaft, on th Dolphin claim, just outh of the end 

line of the Dunkin , found a con iderable body of ·ein material ben ath 

the Wash, which i the ba e of the ore horizon, where it ha a local dip to 

the . outhward, as hown in ection D, the lower body of White Porph -ry 

being expo ed on the crest of this fold ju t ea t of it.. Th two May Queen 

haft ·, necu· the ba e of the Denver City hill, find on! White Porphyry. 

The Pittsburgh haft, a al~· ady mentioneu pas.e· througl \Va· hand White 

Poq hny into White Lime tone. The Little D ai y and Eudora haft find 

\Vhite Lime tone outcropping beneath the vVa h. The n w Gambetta haft 

i · in Gray Porphyry, uppo.·ed to be the cro. s-cutting ·heet seen in New 

i. overy ground and on Carbonate Hill. 'l' his porphyry sheet wa al o 

cut at different horizon by the Eudora haft, by the Vanderbilt on Stray 

Hor e Ridge, by the ~1ao·nolia ·haft. in Stray Iorse gulch, and, a alre:tdy 

m ntioned, by New Di co very shafts No . .5 and No. G. The old Gambett:t 

and )Ionarch haft tinu th \Vhit.e Limestone dir ctly beneath the ·white 

Porphyry, for whi ch reason it is a, umed that a portion of the Parting 

hwrtzite has here been caught up by the porphyry and is somewh re in 

it at a hio·her horizon. 

For the lower part of the valley direct data as to the outcrops are 

wauting. On the ridge south of it the Ida Nyce and Ypsilanti hafts 

lun·e found the Blue Limestone beneath the Wa h and a small amount of 

v i1 material in it. A. well as could be determined, the formation has 

a ~light asterly dip, as shown in Section C; but on the south ide of 
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the ridge in the main Stray Hor e gulch there is some indication of a 
westerly dip beyond a light anticlinal fold. It is unfortunat that no 
more exact information could be obtained with regard to it at this localit , 
as upon the verification of the westerly dip depend, in large degree the 
probability of the occurrence of the ore horizon und r the cit.y of Leadv ill . 
I ts existence at the west end of Fryer Hill i , however, definitely a cer­
tained, and has been shown to be extremely probable along the we t ba ·e 
of Carbonate Hill, which lends force to the uppo ition that it al o occur. 
at this intermediate point. 

RESU~E. 

From the above descriptions it i apparent that, in pite of the greater 
complications of tructure, the series of ro k formation · on thi · hill is 

es entially the ame a that on Carbonate and Iron Hills, and tlHtt the 
pro e . of ore d po i tion ba ve been e entiall y .the a me, thou o h the 

ondary al t ration of the depo it whi h may be mai!1l y a cribed to the 
a tion of . urfa wat r::., ha ~ been carrie l much farther. The Cambrian, 

ilm·ian, and Lower arboniferot< horizon are found in their normal posi­
tion, the Partina Quartzit being here a el ewhere, of somewhat v8riable 

thickn , and the Blue Lime tone horizon, whi ch i oft n split up into 
several port ion · and entirel replac d b vein material, being th n defined 

by thi quartzite below and by the micaceous and tone or quartzite of the 
W ber hal above. 

Th intm ion of porphyry are more extensive and more varied and 
irreo-ular in form. Above the normal sheet of vVhite Porphyry, which 

here as til r overlies the ore horizon, with detached portions of the Weber 
hales left between, is the main heet of Gray P orphyry, in great mea ·ure 
rod eel off, which doe not occur on the other hill . In addition to thi , 

th re i the ond or lower beet of White Porphy ry, occurring generally 
at the ba e of the Blue Lime tone horizon, but in orne places cutting up 
acros it lower portion and in other cutting down below the Parting Quartz­

ite; further, there are ramify ing offshoots from this lower White P orphyry, 
which have locally divided the Blue Lime tone horizon into everal dif­
ferent portions. Of later Gray Porphyry intrusions, there is the larger 
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sheet, which a on the other bill ·, is generally near the ba e of the Blue 
Limestone, but which does not conform trictly with the tra.tificati n 
plane , cro ing them at low angle , and extending in o-eoloO'i al hori zon 
from the upper part of the White Lime tone well up into the Blue Lim -
stone, a.cro the intermediate lower White Porphyry. Be ide thi are 
several small e1 bodie ' of Gra; Porphyry not fouud in the otb r hill th 
mo t important of whi ch em to have the form of a. tran ' Y r e dik . 

Of great fault like those on Carbonate and Iron Hill , ther i. no 
evidence, the fore<~ of compres ion having only produced gentle fold · and 
orne slight di placement of a few feet in xtent, which are hown by udd n 

change of level in the ore hori~on ; uch a one ha evidently OCCUlT d along 
the line of the north flank of the porphyry dike, which ha lickensides 
urface , and show in ome ca e a. slight difference of level in the ore hori­

zon on either ide. 
The proce of ore depo ition has been evidently the same meta omatic 

change or replacement of the lime tone by ore a.nd vein material, only it 
ha been carried o much farther that, in tead of a body of· lime tone with 
a little vein material extending irregularly from its surface downward , 
there i . found here only a rna of vein material with occa ional irregularly-

haped residuary rna es of unreplaced limestone or lime sand. Owing to 
the irregular distribution of the intrusive masses of porphyry, who e con­
tact planes afforded channels by which the ore-bearing currents reached 
the limestone, the evidence is naturally less striking that these current fol­
lowed in general a. downward cour e. · Still it must be borne in mind that 
the greater mas of the pre. ent bodies of vein material are the re ult of ec­
ondary altera.tion by urface water , and that this alteration having been 
much greater here, it i proportionately more difficult to trace the probable 
form or po ition of the original sulphnret deposit. In spite of thi it may 
be ob erved that in the majority of case the rich ore, which i pre.'uma.bly 
nea.rer its original position than the iron oxides, is found near the upper 
part of ore horizon. On the other hand, if the ore came directly from below, 
according to the idea which is generally adva.nced with regard to the 
source of ore deposits, the only channel which it could have followed would 
have been the walls of the porphyry dike. In this case we should expect to 
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find evidences of the pas age of the ore urrent along tb e wall : but 

wherever they have been examined these eviden e are con 1 icuou ly want­

ing. On the south flank the dike i generally ·eparated from the or body 

by a barren zone, containing often, it is true, iron vein material, but evi­

dentl) of. econdary origin. On the north flank the ore body ext nd up 

to the dike, but it i. trictly confined to the ore horizon , and does not extend 

below that, the most that is found being a light taining- by iron oxide 

readily accounted for by the percolation of urfa e water, d cending 

t.hrough the ore horizon and carrying down some of it material with it. It 

i unfortunate that a more onclu ive test could not be afford d by the cut­

ting of the dike at a con iderable depth below the ore horizon, but a thi 

bas not been done, we mu t rea on from the evidence that i at hand. 

The apparently abnormal variation in the thickne of the ore horizon 

i le readily accounted for, a has already been tated on page446; but it 
mu t be borne in mind that the data from which the outline of £ rmation 

hav been recon tru ted are very limited and irregularly distributed, being 

derived from drifts run for the sole obj ct of following known ore bodi 

and without any purpo e of elucidating the. trnctmal condition· of the vari­

ou trata. 

The ingular ab ence of lead in the Lee ore body i another excep­

tional featur of thi region. It eems hardly probable that, in a di tri ct 

whose ilver i o universall r d rived from argentiferou galena or it 

decomposition product , in thi little spot alone ih·er hould have been 

depo ited by itself. 'fhe more natmal explanation would eem to be, that 

-the deposit is entirely secondary, and the re ult of the leaching of a larger 

body, now eroded off, by urface water , whi h ca rri ed away the lead and 

left the silver. The geoloo-ical position of the ore body favors thi · idea; it 

re t immediately on the Parting Quartzite, and therefore at the very ba ·e 

of the ore horizon; it is on the lower rim of a ynclinal basin, which i known 

to carry an immense amount of water that would naturally drain out over 

its edge . It may be also that the absence of manganese would tend to the 

formation of the more soluble sulphate of lead, rather than the carbonate, 

whi~h is generally found as the alteration product of galena in thi dis­

trict. 
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The influence of cross-cutting ·sheets of porphyry in producing· a con­

centration of ri h ore by cau ing R. stagnation of the ore currents i hown 
by the di tri bu tion of the ore hoot:s. Thu the northea ·tern body in th '~ ]i · 

· max, Dunkin, aud MR-tchless ground lie under the lee of the cro - utting 

sheet of White Porphyry; thf\ main ore hoot in the Arnie, Pittsburgh, Little 

hief, and Chrysolite lie in a similar position relatively to th ra · Por-

phyr - dike ; and the southern body in the last three claim lies ju. t north of 
the lower cross-cutting sheet of Gray Porphyry. 

The greater secondary alteration on this hill is readily accounted for 
by the fact that it is everywhere covered by a great thickne of Wash. This 
Wa h, which is a loosely aggregated and permeable bowlder clay, act like 
a wet sponge. It is constantly full of water at its contact with the rock 
·tuface on which it rests, which water is doubtless charged with air and de­
composed vegetable mR.tter, and thus R-cts more vigorou ly npon the rocks 
t.hau would water flowing freely over the actual urfa e of the gr und 
or that which percolates in minute channels through the olid rock beneR-th 
the u~-face . Tbi is shown by the fact that the npper beet of White Por­

phyry, which lies immediately beneath the Wa h, i -generall reduced to a 
pla tic mass, in which all trace of the original. structure of the rocks i lo t., 

while the lower sheet of the same rock is still a bard, compact rock, forming 
what the miners .call block porphyry. . 
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OTHER GROUP OF MINES. 

MINE A .1: D PRO PE T I - THE LEADVILLE REGION. 

It i from the min e included in th three group already de cribed that 

what may be considered the permanent ore upply of Leadville has be n 

thu far derived, and it i in these mine alone that exploitation ha b en 

carried on o continuou ly and extensively a to afford an opportunity to 

stud in detail the character and the form of the different ore bodie · and 

tb ir r lation to the inclo ing and n ighboring· rock . For thi mason they 

have been de cribed with a detail that may, in the future, eem di ·propor­

tionate to their relative importance, e pecially when, as i likely to b the 

ca at no far di tant day, the d po it of tlte e limited area · hall haYe 

be ome nearly exhau ted and the main upply i derived from what may 

now b n idered out ide ar a . From th eYidence obtained duritw thiti 

tudy it i fair to a um that a greater amount of a yet undi overed or 

exi . t out id the area than ha already b en developed in th small 

group already de cribed, and that, while it. exploitation will nece aril y 

b mor diffi ult, owing to greater depth and large influx of water, and it 

r duction will require more complicated proc ·e , owing to a (Treater pre­

ponderanc of sulphuret:::;, the e di advantage will b off: et b greater ad­

vantag s of working, brought about by a more thorough knowledge of the 

geologi al 1:elation of the ore lepo it and by improvement introduced 

into the variou proce e of r eduction. 
·with but few exception the e out ide mines have been hithe1:to but in­

termi tt ntly worked, and owing to ome minor difference in th chara t r 
493 
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of their deposits or of their inclo ing rock , their geologica.! tructure has 
been more impe1fectly under tood by tho e in charge, and the work of explo­

ration been carried on with le ystem and om time~ in an utterly aimle s 
manner. Although it lm been impracticable for these r a ons t det rmine 

with the arne accuracy and detail the r lation , of the ore be die in the e 

out ide mines a has been don for tho e of Iron, Fryer, and Carbonate 

Hill , an explanation of their general geological tructure will be of value 
a a guide for future exploitation, and a con ideration of the relative amount 
of replacement action in different portion of the Lead ville region, as hown 
by the development thus far made in them, will afford a b~ is for determin­
ing the probable extent and direction of the original ore current , and in 
con equence what part of the ore horizon, which the geological ou tline 
have already located, is mo. t likely to ontain valuabl ore bodie . 

An examination of the relatiYe di tribution of vein material shown 
by the outcrop , a. delineated in cro -lining on the Leadville map, shows 
two lines or zone along whi<.;h the evidence of replac ment action i mo t 

appru·ent, one running ·ea t from Fryer Hill to Little Ellen Hill. the ec­
ond taking more of a outhea terly cour e ~rom the southern end of Carbon­
ate Hill to Long and Derry Hill. In the area between the e two zones the 
urface ii! formed by porphyry bodies which overlie the ore horizon, o that 

no outcror of vein material show on the map, except a £ w thin lines along 
the edge of fault plane . Under these porphyry bodies in Carbonate and 
Iron Hills a very large proportion of the area i already proved to be oc u­
pied by valuable ore bodies, and it may, therefore, be. rea onably expected 
that . imilar bodie exist under the porphyry ·heet between the e zones 
farther ea t, although, owing to the greater depth of the ore horizon, they 
have not yet been reached by mine workings. There is evidence of still 
another zone of replacement extending north from Fryer Hill und r Prospect 
Mountain, but, a the ore horizon has been reached in few point and the 
vein material has, at the ·e few point , proved comparatively poor, the chance 
of :finding any considerable development of rich ore in that direction have 
n ces arily a smaller ba ·is of probability than to the eastward, though the 
general geological condition favor it. 
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In the description which follows, the mines will be grouped a cording 

to the main features of geological structure already outlin d in Part I, 
Chapter V. 

LITTLE STRAY HOR E SYNCLINE. 

A hown in th previous chapter, the ea tern portion of the area rep­

resented on the Fryer Hill map belong stru turally to the we tern rim of 

the Little Stray Hor e ba in, and the ore horizon of the Little Iiv r, For­

est Cit , and Denver Cit mine , if followed continuou 1 a tward, would 

final!; reach the Lottom of the ba in. The ba in i bowl- hap d, it out­

lin being ·!town on the map by tho e of the Gray and vVhite Porph ry 
.bodies which fill its depre ion . 

Southern rim.-~rhrough its southern rim run the zone of cro - uttiug 

White Porphyry, in virtue of wbi h the Blue Lime tone alona the outhern 

and western rim i uppo eel to be split int two wedge-shaped beets. Of 

the e the lower one, which thicken to the outh and con titute the e11tire 

thickn of the h rizon in th mine of Iron and Carbonate Hill , is buried 

under th whol overlyina White Porphyry under the northern end of 

Graham Park, and it · depth or ondition of mineralization is uot known. 

Th point n are t to th axi of the ba iu at whi h it ha been reached are 

in the Hiahland 1\hry (P-52), in Stray Hor:::.e gulch on the east., and in the 

Wolft ne (T'- ) on the we t. 

The upp r portion, which wedg out to the outh, outcrop under the 

W a h a indicated on the map commencing to thin out near the southern 

dg of the nr a of the Fr) er Hill map, and reaching its th inne t point at the 

~Iah a la (T-2) . It i proved in the fol lowing shaft : The 1\Ioyamen ing 

(S-1:. ) trike iron vein material, which probably form the outcrop of the 

D nv r City r bo ly, below the Wa h at 115 feet. In the Robert Emmet 

min , in tray Horse gulch, thi portion of the Blue Lime tone i · repr en ted 

by -o feet of manganiferou iron, with White Porphyry above and below, 

the oved y ing porphyr r ·bowing traces of original p) rite which have b en 

li olved out. T'h main shaft reached the contact at 110 feet, finding a. 

dip of 30° N: E. and bein o· sunk afterwards 150 feet in underlying I or­

phyry. rrhe ore thus far extracted has been taken between this shaft and 
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the outcrop, vvhi ch oro e Stray Horse gulch just below the tunnel (S-3). 
Fe:trther south the Aga iz (T-3) find the vein material and lime tone 30 
feet thick, at a depth of 45 feet, the Goneabroad (T-4) find it at 0 
feet, and the Cyclop (T-1 ), farther east, finds it at 14 feet below rock 
Luface, with a thickne s of 50 feet, and pas e through i t into und rlying 

porphyry. In the Agas iz, as in the Robert Emmet, the vein material i 
manganiferou iron, with carbonate ore at its upper surface, sometime five 
or six feet thick; about five feet of quartzite are found above the contac.t a 
in Carbonate Hill. The dip is about 30° N. E . The Greenback shaft 
(0 -53) found Lake beds, the northern continuation of the Graham P ark. 
area (see Atlas Sheet VI), beneath the Wash. The ore ho1izon consi ted of 
3 feet of iron and chert, 45 feet of limestone, and again 7 feet of iron. 
White Porphyry was penetrated 40 feet below this. 

Southeastern rim. - On the eastern rim of the outhern end of the basin the 

outcrops of the Blue Limestone are less continuously proved . . The Indiana 
(P- 53) finds limestone directly beneath the Wah, while the Highland 1ary 

(P- -2) reaches the lower body of Blue Lime tone after pa ing through 
122 feet of White Porphyry. The Rarus (P- 61) pa se through the edg 
of the Gray Porphyry beet directly into limestone, showing that h re the 
upper White Porphyry is wanting. It comes in again, however, in the 
Hnnkidori (P-72) shaft, a .little east, which penetrated it for 40 feet, after 
pa ing through 170 feet of Gray Porphyry and 5 feet of W eber Shale ·. 

Western rim.- Along the western rim a number of shafts have been sunk 

it Gray Porphyry, in earch of the continuation on the dip of the Lee and 
1\lay Queen ore body, without having yet reached it, the influx of water 
making i t difficult to sink their shafts. Some had penetrated the White 

Porphyry a. short distance, and these had always found a portion of .th 

\V ber · bale, either as quartzite or as black carbonaceous shale impregnated 

with pyrites, at the contact of the two porphyries. All had found vVa h 

from ninety to two hundred feet deep. In the Little Sliver (P-81) the ·white 

P rph_ ry was 41 feet thi k; the Shamu O'Brien (P- 73) had penetratGd it 

30 D et; the Tip Top (P-75), 38 feet; the Union Emma (P-79), 25 feet; and 

the Bangkok (P-7 7), 52 feet; while the Cora Bell (P-78), Forepaugh (P-76), 
Prince of Orlean (P-71 ), and Olive Branch (P-70) were still in the Gray 
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Porphyry and the Lick:3 umdidrix. (P-6 ) bore-hole in th middle of the 
ba ·in, ha gone th rough 400 feet without -reaching it ba e. 

Eastern rim.-Ea t of th aboYe ·haft the El a o (P-65) and Little 

Miami (P-5 ) at d pth of 4 iU feet and 390 feet re pectivel wer till iu 

White Porphvry, afte r having pa ed through Gray Poq hyr), and through 
varying thickne ·s of Weber Shale both at the conta t of th tw porph ·­

n and within the lo" er body. The Kenneb c (P-55), ullen (P-57) and 

Azte (P-54) have reached the limestone after pa ing thr uo·h the two por­

phyri , the former finding a econd beet of White Porphyry within the lime-
tone. rrhe arne beet i found in the Cordelia Edmondson (P-41), whi h 

i ·unk in a large body of vein material, directly below th Wa h. everal 

other shaft have truck the very on iderabl b dy of vein material which 
replaces the Blue Lime tone on thi rim of the ba in but a y t no impor­

tant ore bodies have been found. 
Th mo t ext nsive "orking · ar in th Chi ftain and Scooper min . 

'I h form r i op ned by a tunnel (P-4 ), which run outheast through 

'" in mat rial, and then through lime tone compressed into gentle fold · but 

apparently with a light dip we t, and, at a di tance of 360 feet from the 
mouth trike!:) granite which forms the foot-wall of the Iron fault. A 

d compo d porphyry re embling White Porphyry, is found adjoining the 
fault. The lime tone near the end of the tunnel is quite light colored ; it 

rua be the White Lime tone, but the tructure wa not uffi iently hown 

to make this certain. The 8 ooper (P-44) haft was unk through GO£ et 

of Wa ·h, 20 £ et of Gray Porph ry, and f> fe t of White Porphyry, to 

iron and lim ton . The contact with the porphyry i here very te p and 
run in a direction a little ea t of outh, being cut by several drift _; it was 
·uppo ed to be the line of a fault. It is probably, however, imply an 

unu ual teep ning of the dip on thi, dge of the ?a in, as the India.na 
(P-64) haft, about 400 feet west of it, was till in Gray Porphyry at a 

-depth of 330 feet. The limestone and vein material are cru hed and fold d 
ev n more than in the hieftain, and probably from th arne cau e, Yiz, 
.compre ion again t the Iron fault. Con:iderable very iliciou , hard car­

bonate ore, rich in chloride of silver, has been taken from this mine, but 

for orne unexplained reason the development have been very iiTegular 

and without sy::stem. 
MON XIT-32 
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This basin ha been described omewhat in detail to bow how much 
fruitle · labor has been expended in a. region who e surroundings would 
lead on to suppose that it contain fine bodies of ore. Although o many 

haft have been sunk to depth of 200 to 500 feet, the contact ha been 

eldom reached, and even then but li ttle explored. The main difficulty ha 
been the great amount of water rriet in depth, which could not be controlled 

by the pumping apparatus in ordinary u e. That such a. ba in shonld hold 

a. large amount of water, e pecially when its outcrop are cro ed by two 
·uch tream beds as tho e of Big Evans aud Stray Hor e gulches, i mo t 
natural, and it will probably be impracticable for any one mine to work in 

it alone. Work must be carried on by combination either of actual prop­
erties or else of working expenses, and powerful pumping apparatus must 
be e tablished to drain the whole basin from it de pest point. 

YANKEE HILL A TICLI I'\E. 

On thew st rn slope f Yankee Hill t.h J. B. Grant haft found about 
eight feet of vein material between White Porphyr and Whit Lime tone, 
which i only ignificant a bowing that replacement action ha gon on 
to a certain extent beneath the lower sheet of White Porphyry. 

On the ea tern ide of Yankee Hill a large body of iron vein material 
ha been found, extending from the Clara Dell and Little Champion north­
ward through the Bevis and Boulder Nest mines, and thence ea ·tward to 
the Andy J ohnson, which reached it after pa:sing through 200 feet of Gray 
and White Porphyries. This bocly con ist · of iron oxid · and chert and 
is undoubtedly much morA extensive than has been repre ented on the 
map; it contains some ore, but the data obtained with regard to it were 
too meager to do more than prove the arne probability of the exi tence 
of valuable ore bodie · in the synclinal basin to the ea tward that exi ts in 
regard to Stray Hor e Park. The Superior (K-61) and Mountain Boy 

(K- 60) shafts truck a consid rable body of limonite and r.hert on the 

outhwestern edge of this basin, dipping at an angle of about 30° to the 
northea t. Thi body, which i · orne fifty feet thick, is suppu eel to be 
the replacement of a plit-off portion of the Blue Limestone. 'l'bi ·uppo i­
tion accounts for the apparent want in the thickne s of this horizon to the 
we t on a line drawn through t.he Leavenworth haft, as shown on the map 
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and explained in Part I , Chapter V. On the other hand, it i the W •ber 

Shale that are ordinarily found bet" een the Gray and White Porph ry 
heet , and in the Theresa (K-57) ·haft, a hort eli tance to the northeast, 

highly pyritiferou shale were found in tbi horizon at a depth of 325 feet. 
Breece Iron mine.-In a similar position occur the deposit of the Breece 

Iron mine, ituated on a pur of Breece .Hill, overlooking Adelaide Park. 
This remarkable deposit of iron ore is found at the urface in two eli tinct 
bodie , shown in open cuts, the one a hort di tance above the other. The 

lower body has a maximum thicknes of 20 to 25 feet and rests on White 
Porphyry, with a mottled porphyry on the banging wall. The upper body 

i not so thick and is overlaid by the main heet of Gray Porph ry; both 
dip eastward and the shaft (K-39) higher up the hill has been unk through 
30 feet of iron without reaching the bottom of the body , from which it rna 

b upposed that the two bodies have here come together. The Gray Por­
phyr; ha ither the characteri tic large cry tal of orthoclase or the cavitie 
whi h the · once filled. The intermediate porph ·ry i , however, of £n r 

rain of a pinki h color and i full of minute cavitie. having the form of 
r tal of pyrite. Thi, may po ibly repre ent a tongue of Pyritiferous 
orph ry extending between the two iron bodie . The lower (K-36) shaft 

ha been , uok 3-0 feet in th underlying White Porphyry, which, near the 
iron body, i al 0 impregnated with pyrite. rrhe iron bodie are rather 

irregular in hape and end offi hoot or stringers into the urrounding rocks: 
The ore i , howev r, ma sive and compact and remarkahly fr e from earthy 
gangue. It ha. been largely u eel a 0 a flux in the melting work , being 
uppo ed to carry everal ounce of ilver to the ton, and ha al o been 

u ed by the olorado Coal and Iron Company in the manufacture of 
m r teel. It is a very pure hematite, with a certain admixtur of 

n aO'netite whi h ~eem to occur mainlv near the outcrO]). It carrie about c J 

G6 per cent. of metallic iron. The complete analy i 0 of an average pecimen, 
by Mr. Guyard, will be found in Appendix C. Undecomposed p rite are 
found in the ore from the upper haft. It eem probable that thi body 
like the iron bodies in the various silv r mine , i the re ult f the 

:xidation of pyrites, which w re on entrate l at the junction of th three 
bodi s of porphyry. It di~ r in being anhydrou , while all the other are 
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hydrated; al o, in the f"act that it occurs high up on the hill and fr from 

the ordinary covering of Wa h, which no doubt, promote d mpo ition 

and the chemical combination of water in rock that und rli it. From the 

staining of rock ea tward, along the outcrop of the contact, and from data 
obtained from shaft~ unf hi o·her up on th hill . it ap1 ear that an iron body 

extends, though not continuou ly, for orne di tance to the ea tward 

SY CLI E EAST OF YANKEE H ILl ... 

The geological structure of the area b tw n Yankee Hill and W e ton 
fault has been already explained in Part I , hapt r \ and i graphically 
shown in Section 0, D, and L. A yet no on iderable ore bodie have 
been found at the ore horizon in thi area ; but it eem not to have re iv d 

the attention it de erves, in vie~- of the good indication affi rd d by the 

explorations already made. 'I'h e may be bri efly enumerated a: follow : 
The amount of vein material proved on it we tern rim ha · b en men­

tioned abov . On the outh ide, th Little Prin (K. -32) hnft pass d 
through 150 feet of Gray Porphyry andtW feetofV\ hite Porphyry to the Blue 
Lime tone horizon, which i: here abot1t one hundr d and tw nt feet thi k 

and entirely repiaced by a poron iliciou material, not unlik the gTanular 
quartz gangue of the Iorning Star ruine. At fir t glance it ·omewhat 
re emble a decompo ed porph ry, and in it mall irregular bodie of and 

carbonate, but no limeston·e, have been found. The Parting Quartzite wa · 
found below it. On the lower lope of the hill the Nora (K-23), Bo co 

(K-2 ), Aero the Ocean (K-31) and Great Hope (K- 30) haft. were 

nnk through Gray. Porphyry to the ore horizon the fir t two without find­

ing any intervening White Porphyry. In all more or le vein material was 
found replacing the lime tone. The Onota, from which the t pical Gray 

Porphyry wa taken for analy i ·, al o reached lime tone near the middle of 

the basin. In the Great Hope quartzite wa reached after pa ing through 
60 feet of vein material. In the iron vein material some lat:ge layer of 
lime- and were found, and at 105 feet from the urface a treak of galena 

five to ix feet thick i · . aid to have been pa ·ed through, but the main ore 
of the mine was taken from the quartzite, which, a well as the lower por­

tion of the iron body, was impregnated with gold. The gold was very 
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coarse. Some four hundred to five hundred ton of quartzite gold ore, 
averaging one and a half ounces of gold and four ounces of ilver to the 
ton, are said to have been taken from the mine, and one lot of 3 000 pound i 
aid to have yielded thirt --one o_nnce of gold to the ton. A like of 'White 

Porphyry, cut in the ea tern portion of the 'vm·kino·s, ma;r have influen ed 
the concenjration of ore at this point. The quartzite i probably Parting 
Quartzite, though the thickne of 60 feet given for the Blue Lime tone 
horizon eerns small , especially as it is said to have been over nin ty- ix 
feet thi k in the adjoining Aero the Ocean shaft. 'rhe vein material on 
the dump of the latter contained a great many quartz-lin d caviti s and it 

is I os ible that what was taken for quartzite in the Great Hope wa imply 
granular ilicious gangue like that in the Little Prince. 

SOUTH EVANS A TICLINE. 

Highland Chief mine.-The vic~nity of the South Evan anticline ha evi­

denth- been a favorable locality fo r ore depo ition, but the development of 

the or bodie ha been retarded by the difficulty of under tanding the 

O'eoloO'ical ·tructure and the relative po ition at which they occur. The 
HiO'hland hi f mine ha been the mo, t important ore producer of this 
portion of the eli trict. It i opened by a haft on the Lrow of the hill 

OYerlooking outh Evans gulch and by a tunnel run in to meet it part way 

down the lope. Fig. 2 repre ent an ideal ection on a broken li ne drawn 
through the Hig·hland Chief shaft (L -1), the tunnel (G- 54), and the E liza 

shaft . (G-58). 
.FIG. :l. 

l::'t-:;~:;:;1 m - - ~ m fllil§ ' 
\\•tH!'h . Blue Limf'~one. Vt'in Ore. Parl in! QuA rt~ltf". \\" h1te l.•mettonf'. Whit~ l'orvhrry. Gr~r 1'or-pbsry. 

mftt f'riftl. 
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Both tunnel and shaft are driveu through Gra) Porphyrv to the nta t, 

the upper \\ hite Porphyry being here wanting. No lime tone i tru k in 
eith r, but a winze sunk a hort distance from the mouth of the haft found 
it, a did the Highland Mary (G- 5f>) and Curran (G-il6) hafts clo e by, 

whi h found orne vein material, but no ore. Vein material ri e rapidly 

in the floor of th tunnel a it approaches the haft, and the latt r i nnk 

in it 170 feet below the tunnel level. The lower urfa e of th porphyry 

sheet ba a dip to the northea t, which i al o een in the ea tern portion 

of the workings beyond the line f the ection while in the outhw t 

working there is a dip westward. In the Chemung (K- 5) tunnel, which 
is driven 400 feet, along the contact of Gray and Whit Porphyrie · and 

then in Blue Limestone, in a southea terly dire tion from a point ju t 
below the ro,ad about even hundred feet southw t of th mouth of th 
Highland Chief tunnel, the lime tone at th'e end is found to be dipping 
westward. It thus appears that there i a light ridge or lateral fold in 
the formation, which i bown on the map by the curve in the trike of 
the formations. The section, whose line is taken along the ere t of thi 
fold, shows at right angle to it a more pronounced folding, forming an 
anticlinal and synclinal structure parallel to the South Evan anticline, 
which i necessitated by the intersection of formation lines obtained in 
the Highland Chief and Eliza (G-58) shafts. The intermediate outcrops 
are obscured by the moraine material or Wash, left on the shoulder of 
the hill by the South Evans glacier. The ection shows the rounded 

outlines of rock smface left und e-r the W a h by this glacier and the abrupt 
slope below the Eliza shaft produced by later erosion. A dik of Gray 
Porphyry, running northea t and outhwest, i cut in the outh drift from 
the second level of the Highland Chief mine, but does not seem to be con­
tinuous, as it is wanting in the soutliwest working on the tunnel level. It 
has evidently the same irregular character that bas been seen in similar 

trans' er~e bodie on Carbonate and Iron Hills, and, like them, ha evidently 
bad a favorable influence on the concentration of ore. The vein material 
of this mine is very silicious and resembles the porous hard carbonate 
described in Carbonate Hill, but carries less iron; the cavities contain cerus-
ite and chloride of silver. The ore is relatively rich, many lots averaging 
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from one hundred to two hundred ounce of ilver to the ton, but it i 
generally low in lead, and therefore difficult to smelt. It frequently con­
tains opper in the tate of carbonat or ilicate, whi ch give it a gre n 
color, a sociated with hydrou pho pl1ate of alumina. A far a ould 
be een it is mu h more irregula.rly di tributed throughout th vein mat -
rial than in th carbonate mine gen rall y . Copper ore imilar to that of 

the Hi O'hland Chief i found in the Little J ohnny (P-29) and Rattling J ack 

(F-2 ). The upper White P orphyry come in again at th haft , the 
intermediate one , like the ncle am (F -32 and F-~3), haYing found vein 
material directl) beneath the Gray P orphy ry. From the thickn e::s of low r 
White Porphyry hown in the Eliza haft it may be as umed that n th 
line of tliis ection the entire mas of White Porphyry ha gone below the 
Blue Limestone horizon. 

Colorado Prince group.- The lower formation which form a cliff face O\' r­

looking South Evan gulch between the Highland Chief mine and th ol­

orado Prince fault, have been expo ed by numerous mine workings. The:e 
hav b en xploit din uch an irreguhu· and intermittent manner that it ha 
b n impo ible to obt-ain sati factory data a to the amount or quality of 
ore xtra t d from them. The geological tructure shown by the varion ' 
haft and tunnel that were exnmined is, however, intere ting, showing the 

J 
ri ing of the bed over the South Evans anticline and the slight displace-

m nt cau ed by the Colorado Pt ince fault. J u t above the Colorado Prince 
tunnel there i an actual rock outcrop of White Porphyry and overlying 
Lower Quartzite, forming a steep cliff; but, on the shoulder above, the rock 
surface i deeply buried under the 'Va, h, a relic of the lateral moraine of 
the South Evans glacier. Th following diagram shows an ideal section, 
drawn through the Colorado Prince tunnel (G-43) and shaft (G-47), and 
the hafts of the Miner Boy, No.3 (G-4~) , No.1 (G-50), and No.2 (G-51 ). 
The Miner Boy or Kentucky tunnel (G-42), which is a little beyond the 
line of the section, is indicated in dotted lines. 
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The most important mine of this group is the Colorado Prince, whi h 
ha its own stamp mill foi· cru shing and .amalgamating H ore. According 
to the reports of experts wh~ ~ave examined it, it has a Yery large body of 
ri h ore, but the practical results of work do not thus far seem to have 

. r··~· . 
ju tified their progno tications. The management of the mill has been o 
frequently ch~nged that it wa<\mpossihle to lea!·n .the actual working re u1ts 
of treatment" over a long enough period to J etermin e whether the apparent 
want of uccess was due to the quality of the ore it elf or to fau lty methods 
of reduction. 

The deposit of the .Colorado Prince . and iiner Boy mines is somewhat 

in the nature of a ga h vein in the Lower Quart~ ite . I t stand at an avet:age 

pitch of. 7.5° to the ea t, vary1ng between 60° and the vertical. I~s ' trike 
i about N. 15° W. It varies in width from a few in ·be to fi ve or six £ et, 
ancl in the upp~r workings is said to have been stoped out on a width ·o'f 
::!0 feet. It has no di tinct walls or clay selvage , and the· matrix of the 

ore i prin cipally decompo ed quartzite, mo~·e or less stained 'by iron oxides. 
Near the Miner Boy No. 3 shaft it splits into two branches, one following 
it general direction, the other being more nearly north and south. Fol­
lowing the vein is a thickness of one to three feet of light-colored de­

compo ed rock, called by the miners trachyte and considered by one 
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expert to be a propylite dike. It is, however, only a fin grained 
conglomerate of rounded pebbles of quartz in a cla matrix . So far a. 
explored, the vein is confined to the horizon of the Lower Quartzite, th 
upper 20 feet of which are calcareou . I t may have ext nded ur into the 
Wbitfl Limestone, but it bas not yet been followed into the White Porphy ry 
below and show a tendency to pinch in that direction. The ore i e - n­
tially a free-gold ore and is generally stained by oxide of ir n and carbon­
ate of copper. Galena occurs sparingly, having been only ob rved in a 
few ·pot . Carbonate of lead i said to ha\ e been found. The fir t and 
second clas ore are generally sent to the smelting work at Argo, only 
the third cla -gGing- o the tamp .mill. 

The vein seem to be the re ult of the action of percolating water 
along a fracture plane in the formation, which wa ver probably £ rm d 
at the time of the displacement of the Colorado Prince fault, with whi h it 
ha a general paralleli ~ m. The ore i · probably the r ult of the oxidati n 
of p ·rite , and "hetber it wa originally concentrated in this form in its 
pre ent po ition or brought in as a secondary depo ·ition _from the ur­
roundino- rock it i difficult to ay d finitely. 

The o- neral dip of the fo rmation in the e working· is , teeply to the 
outh ometime varying a li ttle to the we t and again to the eastward. 

It ob erv d angle al , ve:tries fro m 3- 0 to 60° in the Colorado Prince work­

ings, the ·teeper dip occurring near the Miner Boy haft. The i~ter ections 
obtained in the Colorado Prince tunnel are shown on the ection. 'rhe 
K entucky or Miner Boy tunnel was run for the following distances through 

the ucce ive £ rmation ·: Lower Quartzite, 200 feet; White Lime tone, ~00 
feet; White orphyry, 40 feet; ·Parting Quartzite, 35 feet; Blue Lime-
tone, 0 feet to the bottom of shaft No. 1. The e figures, it mu t be 

rememb red, are not actual thickne ses of the formation . The lower part 
of the Blue Lime tone as exposed .in Miner Boy No. 1 shaft is thoroughly 
impregnated with qxide of iron and is said to have yielded some very good 
a says. ,.rhe No. 2 shaft of the Miner Boy found black shales of the Weber 

Shale formation directly beneath ~he Wash. 



506 GEOLOGY .AND MINING INDUSTRY OF LEADVILLE. 

LITTLE E LLE HILL. 

On Little Ellen Hill the Blue Lime tone has been found to be replaced 

to a considerable extent and orne argentiferous lead ore has been obtained 
from it; but present exploration cover only a mall proportion of it area. 
'The principal mines are the \ irg·inius and Little E llen. The \ irginiu 
(G-24) is opened by a tnnnel run southward along the strike of the for­
mation from the north side of the hill, facing Big E' an gulch. The lim -

ston e is largely di integrated and in the condition of lime-sand. 'The vein 

material, a u ual an impure iron oxid : L very siliciou . Galena i thickly 
scattered through it, but the ore is of rather low grade in silver. The 
tunnel i 250 feet long, and drifts from it have been driven eastward 150 

feet on the dip. On the hill above, in the Cleveland (G-27), 15 feet of vein 
material, carrying galena, are found above the limestone, and at a depth of 

30 feet in the limestone a eros -cutting body of Gray Porphyry, which is 
also ut in the Last Chance (G-31) shaft, immediately below thEl Wash. 
The other haft (G-30) of the La t Chance find Parting Quartzite below 

the Wash. The Au tralian (G-28) and Tenderfoot (G-~6) also find vein 

material at the contact. 
The Little Ellen mine, higher up and on the slope of the hill facing 

South Evans gulch, finds a very large body of low-grade lead ore at the 
same horizon, where the strike has changed to east and west. This con­
tact is traced eastward through the Lulu, Gnome, and Alps workings, show­
ing considerable replacement action, but as yet no large ore bodies. 

BREECE HILL. 

In the large area lying between the_ regions above described and Iowa 
gulch there is an immense development of igneous rocks, and, on the 
theories deduced from the studies made in this region that there is a direct 
connection between igneous action and ore deposition, or rather that the 
latter is more abundant where the former has been most active, this area 
should contain large deposits of ore. Unfortunately there is little else than 
theory upon which to base this assumption. The ore horizon throughout 
the greater part of the area is so deeriy buTied beneath the surface that, in 

the _uncertainty that exists as to how deep it may be necessary to sink a 
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shaft in order to reach it, no mine owner ha yet had the nteq ri 

attempt it. exploration. I t i difficult to predicate the probabl thickn 

of a sheet of porphyry from the width of it outcrop or eY n from an 

observed thi kn e s at orne poin t but littl removed, ince it i liabl to 

change ra pidly both in thickne and in horizon, from cau e whi h are not 

appa rent at the urface. The depth given fo r the Bin Lime ton horiz n 

under the Pyritiferou P orphyry by the Yariou ection which pa · tbr u ·h 

thi area cannot be expe ted to be so clo e an approximation to the a tual 

fac.ts a when the proportion of edimentary bed i greater. 'I hey hav , 

how ver by no mean· been given at hap-hazard, but ar the r · su lt of 

mo t careful w ighing of probabilitie , based on a study of the whole reg·i n. 

The nearest approach to an actual developm nt of ore in th Blue 

Lime tone under Pyrit iferous Porphyry i in the Mike min , and th indi­

cation afforded by thi favor the uppo ition that it will be foun 1 to be 

ore-bearing when reached farther east. Another faYorabl ign is f und 
in the numerou vidence of mineral cun entration in the 1 rphyry it lf. 

catter d bodi of ore ba' e a l~o be ' n found in the bed of the Weber 
horizon which are ufficient to bow con iderabl mineral action. 

GREE T MOUNTAI r. 

In the shale and andstones of theW eber formation and in the adjoin­

ing Pyritiferou Porphyry bodies numerou mall depo its of o1:e have been 

8truck, but of somewhat different character from tho e developed at the 

Blue Limestone horizon. The mo t important of the e have been found on 

Green Mountain, in regard to which the following information has been 

obtained. 

The Ontario mine is opened by a tunnel 3 0 feet long and a shaft 70 

feet deep, run through Py1~itiferou Porphyry into micaceous sand tone and 

black hale. The deposit is found in a vein running north and south, and 

traceable from about one hundred feet from the mouth of the tunnel through 

the porphyry into the overlying sandstone . A body of coarse-grained 

galena 20 feet long by 3 feet in width was found in the porphyry, but 

in the sandstone the ' ein proved barren. A similar depo it in the porphyry 

is found in the adjoining Tiger (E - 22) mine. It is a gash vein six to eight 
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inche ' wide, running nOJthea t, with a dip of 60° to the sou thea t. The ore 
i a. mixture of galena. and pyrite , one lot of which yieldeq 22 ounce of 
sih· rand 22 per cent. o.f l ad to the ton. 

In th Green :Jiountain (E-12) mine the ore o cur· in th -a.nd -tone, 

and i, a free-gold or , . ometimes very coar e. It wa not ace ible at time 
of vi it, and nothing c rtaiu could be learn d of the form of th depo it, 
whi ch i very probabl; also a ga h vein. 

LONG AND DERRY HILL. 

Ready Cash mine.-On the teep outh wall of Iowa gulch formed by 

Upper Long and Derry Hill i the Ready Cash mine, which i intere ting 
on ac onnt of its occurrence in Archean rock rather than from it impor­
tance a an ore-producer. Its country rock i a coar e-grained, reddi h 
granite imilar to that found at the heads of I owa and Empir gulches. 

The ore occurs in two small veins from one foot to four feet in width, which 
come together at the surface. The one strikes N. 25° B. and dip 50° to 
the east; the other strikes N. 45° E. and bas a still steeper dip. The mine is 

opened by tunnels ~bich run into the hill in a southerly direction and cut 
the vein at about three hundred and twenty feet from the urface · in one 
of the upper tunnel a dike of quartz-porphyry is cut between th two vein , 
in v1·hich m·e some gold-bearing earns. The vein filling consists principally 
of altered granite, carrying free gold and some chloride of silver, with 
relatively well 1e£ned wall . The deposit i evidently formed along fract­
ure 1 lane· in the granite, filling any cavity that may have existed and 

replacing the con tituent of the adjoining country rock. 
Long and Derry mines.-rrhe Long and Derry mines were among the first 

eli covered in the Leadville region, and are still held by their original 

O'vvner , a v ry exceptional ircum tance. They have been worked very 

lowly and irregularly, and at the time of examination no maps had been 
mad of the underground workings. Many of the drifts had become ina.cces..: 
·ibl , o that only a very general idea of the form of the 'deposits could be 

obtained. They occur as a replacement of the Blue· Limestone, but, as con­

tra ted with the deposits of Iron and Carbonate Hills, rather in the form of 
large chambers than along the contact with the overlying White Porphyry. 
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The e chamber are il'l' gularly eli tribut d through th 

Blue Limestone, and, a th latter ha been m re or le 
upp r part of tb 

roded m of 

them formed actual outcrop of ore on th urfa e and w r thu a il · li -

covered in the commencement. Th mine i. opened by b th tunn ~ ] :; and 

shafts, but the ore i mainly extracted through th . fo rmer. The Fain Hop 
(M:-4) tum1el run s 1, 0 feet through lim e tone and ,·ein mat ri al and :WO ~ N 

in White Porph ry, to the bottom of the orphyry (E - 37) haft. Th latt r 

pa sed throuo-h 9 fe"t of porphyry and wa ' sunk 4G f et in vein material 

containino· nodule of bert and low-oTade ore. The Lon o· a11d Derry (E-3:. ) 
tunnel ru ns in a outherly direction from the hill ide overlooking Iowa o·ulcb, 

tarting in Wbit Porphyry and beitw xpected to reach th onta t at 500 
feet. In the Dana (M-3) haft were found many chert nodul in the por­

phyry, which carried ca t of fo il principally Pleurophoru and 1Ji?·ifi ra. 
Such included eher t nodule are fr quently found not far from the onta t 

plane and were evidently caught up in the rna of the porphyry a· it for ed 

its way along between the strata. The whole body of the lim ton n 

Long and Derry Hill seem to be more or les. impregnated with oxides of 

iron and mangane e and with iliciou material, a hown b - the bla k 
out r 1 at the Belch r ( 1-5) mine near the ba e of·the formation. In 

thi outcrop the replacement evidently proceeded from above, a the ore 

wedo·e ut at the bottom. The appar ntly broken character of the forma­

tion in the 'icini ty of tb ore depo it may be due in a mea ur to it 

proximity to the urface and want of a protecting overing of Wa b. I n 

ne portion of th mine wa a laro·e accumulation of ang ular blocks of 

p rphyry in the lim . tone, which had probably fallen from above into a 

cave that had b n eli solved out by nrface 'vaters. 

T h ore is carbonate of lead and chloride of ilver near the urface 

a nd ·al na in depth , th latter, a, usual , beino· g nerally richer in silver 

than the carbonate. Onl) mall I cks of pyrite h:we been found in it. 

'l he dik of Gr:ty Porphy r , ·which cro. e the bill in front of the Fain t 

Hope tunn l, may b uppo ed to ha' e been an important facto r in the 

cone ntrati n of ore here by cau ing a tagnation m the mineral-bearing 

ClllT nt . 
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PRINTER BOY HILL. 

The exi tence of the three transver e dikes cro sing the lopes of 

Printer Boy Rill and of the cross-cutting bodies of Pyrit.iferou Porphyry 
on its north ide, in the upper part of California a ulch, i an indication of 
probable mineral concentration in thi region, and developments, o far a 
they have gone, tend to confirm thi idea. 

On the outh slope the curving outcrop of the contact of Blue Lime-

tone and White Porphyry ha been very extensively pro pected near the 
surface, and evidence of replacement action ha been found at almost every 
point. Figure 4 shows an ideal section of the middle portion of the outh 
slope and the relative amount of vein material, as far as can be determined 
by present workings. 

FIG. 4. 

h'i;~~ 
Gray PorphJr.J. Blu,. L.itne~tont-. v,.m Or(". 

nU\tt-rutl. 

The principal development of ore ha been thu far found in the Flor­
ence mine, which is at the crest of the fold. The vein material, whi ch i · 
the usual clayey matter, carrying oxide of iron and mangane e, ha here 
a maximum th ickness of thirty to thirty-five feet, and seem to thin out to 
the east and west, respectively, but to the north or into the hill it has a 
yet been explored but a short eli tance. The ore occur at the surface and 
rather irreaularl y throuah this vein material ; be ides the u ual carbonate 

of lead and chloride of silver, it contains several mineral not common in 
the eli. trict, among which may be mentioned native gold, vi ible to the 
naked eye, and a .. ulfo-earl onate of bi mnth. (See Appendix .) In a 
tunn I directl y below the main working. of the Florence a ga h vein of 
galena in lime tone everal feet in thickne s was found. Above, it connect 
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with the ore body of the Florence, but, as followed in depth by a winz ~ 
was found to pinch out entirely, furnishing one of many proofs that th ore 
entered the lime tone from above and not from below. 

The dikes of Gray Porphyr) on either , ide of the Florence are thirt 
to fifty feet wide and can be traced along the hill for con iderable di ·tan e . 
'rhey have the charact ri stic large cry tal of orthocl;Le porphyritically 
distributed through the mass. 

East of the Florence the Minor tunnel ha been run ·everal hundred 
feet on the contact without .findin g ore, but good ore i 
obtained from the Fir t National mine, till farth er ea t. 

aid to have b n 
In th latter the 

limestone seem to be plit into two parts by the ro -cutting zone of White 
Porphyry. 

To the westward the contact ha been developed by the Sangamon 
tunnel, the Wilson, Brian Boru, G. M. Favorite, and other mine , and ome 

ore ha been hipped, but no certain information was obtained in regard to 
it quantity or its quality. 

· Although some pro pect showing ore may have e caped observation, 
the above de. criptions suffice to how that on either ide of Iowa gulch in 

the vicinity of th three dikes of Gray Porphy ry the Blue Lime tone con­
tact i ore-bearing over a omparatively large proportion of its ext nt.. 

It can, how ver, hardly be said to have been thoroughly explored as yet, 
nor are the ore developments a rich or ex ten ive . as the geological concli­
tion would lead one to expect. It may, therefore, rea onably be assumed 
that future exploration in thi' area, if ystematically conducted, will prove 
remunerative. The mo t promi ing direction for exploration woufd e m 
to be to the northward under Printer B y Hill. Next to that, the ea terly 
ontinuation of the contact in depth bAyond the Fir t National afford ' a. 

promi in a field. It mu t be borne in mind, however that in thi direction 
the zone of eros -cntting White Porphyry will oon be reached, where the 

Blue Lime tone will be found split into two wedge- haped masse· , and thus 

th re will be two contact between limestone an l porphyry. 

IOWA GULCH. 

In Iowa gulch, to the we tward, the contact i cut off by the Mike fault, 
after cro . ing the gulch just beyond the G. M. Favorite. A little fart.her 
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down the gulch, howev r, oppo it the Rock and Dome worl ing it come 
to the mfa e again and i explored in the Ni i Priu and adjoining claim ·. 
In th Ni i Priu very larg bodies of hig·hl mang·anif rou vein mat rial 

are found, which thouo·h not rich them elve , are generally con id r d to 
indicate the proximity of a concentration of chloride of ilv r 1 be tunn l 
on thi · claim cut through a eri , of limestone ridge alternatino· with d -

pre ion filled b vein materiaL That the ridge in thi case d not repr -

ent actual folds in ·the formation i proved by the fact that tb tratifica­
tion lines can be een to run horizontally aero s them. 

This i the westernmo t point at which the contact ba been r ach d 

in Iowa gulch, and, while it may be found at no very great depth immedi­
ate.ly we t of Dome fmtlt, the probabilitie ar that beyond that, a. hown 
by the cro s- e tion N 0, and P, it i. too deeply 1 uried beneath Wa hand 
Lake bed to render it exploration advi able unles it were followed down 

continuously on it western dip. The tbickne· of superincumbent detrital 
n1aterial giYen in these section i deduced from that fo und in th 'oon 

\ all ) and Black Cat and i probably a pretty clo e approximation to the 
a tual fact ·. Th limit of the ore horizon t the we ·tward, a iudicat d 

by the we ' tern outcrops of the Blue Lime tone, are theoretical deduction , 
an l may vary omewhat from the fact·· but the limit of error here i not a 
v ry wide one, a· actual outcrop. of r ·bean on thi · ·trike-lin are found 
at a very Rhort distance south of the boundary of the map. 

ITEAD OF CALIFORNIA GULCH. 

On the north ide of Printer Boy Rill and in the upper part of Cali­

fornia gnlch the geological conditions are extremely complicat.ed, owing to 

the number and variety of porphyry bodie and their rather unu ual struct­

ural r lation . The eros -cutting· zone of White Porphyry pas es through 

here as shown by the fact that on the north ide of the gulch it comes in 
contact with the Parting Quartzite and on the south with the Blue Lirue-

tone. A body of Pyritiferou Porphyry is al o found cutting up acros the 
formation, being in the White Limestone at the bottom of the gulch, and 
to the northward apparently joining the main body, which overlies both 
White Porphyry and Blue Limestone. In addition to these are several 
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bodie of G ray orphyry, who e position and tru tural relation · are v ry 

imperfectly J nown. F r the e rea ons a con iderabl one ntrati n f or 

mio·ht natu l'< lly be looked· for in this region, but it would I robably be foun 1 
more irregularl y di , tributed and 1 ' asy to foliow th an in th n rmal 

group of Carbonate and Iron Hill. Th ore current would no long r 

haYe been conficed to one or two principal hann 1 , but would ha had a 

variety of onta t plane which th y might have follo" ed, and who po i­

tion cannot be predicated befor hand. nfortunatel the mall amount of 

-exploration already made not onl g ives but an imper£ ct idea of th a tual 

g logical relation of the variou bodie , who e repr . entation on th map 

and section may in · con equence be om what imperf t, but th actual 

development of ore ha been o light a to afford no indicati n a to "ha 

particular contact i th more likely to con tain or . rl he normal ontact f 

Blue Lime t.one and White Porphyry extend ea tvvard from the Pilot fault 

along the north lope of Print r Boy Hill, until in the E lip e the Jim ton 

mmen s t ' dg ut Ore is found in on iderabl quantity in the Pilot 

tunnej apparentl along the very plane of the fault, and a certain amount 

f vein w ateri al cur at the conta t in tb L o,·ejoy, Eclip e, and other 

haft . On the oth r ide f tbe gul h the ame contact that carri ore in 

the d laide-Argentin viz Parting Q uar tzite and White Porphyry, i found 

in th Ir n Duk and other and i apr arently mineralized to a certain 

xt nt. 
GOLD DEPO IT . 

Betw en Pilot and Mike fault , n the nor thw t lope of Print r B y 
Hill , i · a bod · of poq h) ry not id ntical with an oth r found in the region 

and which i notable for containing the I rin t r Boy and Five-Tw nty g-old­

bearing lodes. 

The rinter Bo lode wa di,covered before the exi t nee of arbon­

ate ore in thi r O'ion wa known, and produced a large amount of gold 
. 0 

betw n 1 GG and 1 70, f whi h no record can be obtained. It i a prac-

ti all - ,-ert i al depo it alorw a j ointino' or fractnre plane in the porphyry 

hav in o· a direction a little ea t of north. It no w con i t of two claim , th 

1 per Printer Boy and Low r Printer Boy, each open d by vertical haft . 
MON X II--33 
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Onh- th latt r wa ·ace ible at time of vi it, and here the vein i double, the 

two branche being para.ted by t nor twelve fe t of clecompo eel porphyr ' · 

'rh o·angue i nothi ng more tb(l,n thoroughly clecompo eel porphy1-y, b iug 

a white, clayey material in which only the quartz grains of the riginal por­

I hyr- remain unaltered ; carcely any metalli c ontent ar i ible. In th 

old working , where the ore was ri ch, free gold could be en, and in the 

d eper working con 'id rable iron and c pper pyrite and , ru gal ua and 

tennantite were found. Gold occurred in both pyrite and ga.lena, and a pi ce 

of ore conta ining galena cry tal , conne ted by a filam nt of wire gold, wa 

one of the how p cimen of tpe mine. Selected pecimen are aid to ha' e 

contain ed 122 ounces of gold to the ton, and the average a ay i given at thr e 

to fo ur ounce . The vein ha vari ed in thickne from one in h to four fe t, 

with an as umed average of seven inch ._ . On the we 't wall from the m­

fa e down to a depth of 200 feet, were branche or stri ng r · extending out 

into the p rphyry, som times a much a three feet thi k and c ntaining­

ore of imilar quality to the vein, though of different color and hardne .' . 

outh drift· from th. haft of the pper Printer Boy wer said to be ut off, 

1vely1 at a distance of a few hundred feet, by a cern nt depo it, whi ·h, 

fr m the de cription given by tho ·e working the mine at that time, would 

eem to b (I, portion of Lake bed depo ited in the bay that, as already 

shown, exi ted where now i the pur eparating California from Iowa gulch. 
In the T pper Printer Bo - the normal rinter Boy Porphyr , whi h i 

a coar -g rained , greeni. b-g ray rock with large feld ·par crystab, was ov r­

laid by a white, fine-grained porphyry, r ·embl ing decompo eel Pyritiferou 

Porphy ry from which the pyrite ha, been eli ·solved out. It is said that the 

fo rm r was only found at one hundred to two hnndred feet below the sur­

face, but thi ~o . not agr e with ob ervations which how the Printer Boy 

Porphyry in all the pro pect hole around the Upper Printer Boy shaft. 

B th r ck occur in the G ray Eagle tunnel (M- 53), west of Eureka g ul ht 

and it is probable t hat part of the main body of P yri tiferous P orphyry ori o·­

inally overed thi · portion of the hill and that from the pyrite in it the 

wat r derived th metalli contents which now are clepo. ited in the veins. 

A number of other small gold-bearing vein are also found in the Printer Boy 

porphyry, the mo t important of which is the Five-Twenty, from _ whi ch a. 
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on iderable amount of gold or i said to ha e been taken. The tunn l b 

which it was opened al o cut a body of carbonate ore, which at that time 
wa not considered worth extracting. 

'I'h lepo it , tog t.her with that of the Colorado Prio ·e mine, would 

eem at first glance to b of di.f:t r ot character and p rhap of dif:t r nt 

origin and manner of formation from the normal carbonate depo ·it of the 

Leadville r gion, and more in the natu re of the ordinary fissure v i.n. Th 

omewhat li mited tuly which it ha · be n po ible to make of them tend to 

how, however, that the proce of or der o i.tion wa ntially th am 

in both ca e . There is no evid nee of an) · pre-existing cavity which was 

filled by foreign gangue materi al· but the ore cun ents, £ llowing in thi a. e 

a fracture or jointing plane, in tead of a tratification plane, depo ited gra l­

ually their load_ of metallic ulphide by a chemical interchange with the 

material of the rock through which they pa eel. Gold seem to have b en 

pri n 'ipally depo ited in the more acidi c or iliciou rock and ·ilver in the 

cal areou or ba ic one . Thi preference i ~ not confined to the Leadville 

region, but i een in other mining eli trict . It rea on, however, i not yet 

ati factorily explained from a chemical tandpoint. 

A rega.rd their r elative age, the littl'e evidence that can be obtained 

eem to indicate that the carbonate depo it are older than the gold veins 

under con ideration, ince the former mu t have been originally depo ited 

before the folding a nd faulting took place; whereas, if the assumption that 

the latter occupy fault plane be correct, it i probable that they were formed 

sub equently to thi period. 

PLACER DEPO IT . 

It i worthy of note that California gulch ha furnished almo t all the 

placer gold which made thi r gion known long before it wealth in ilver 

wa even su. pected, while Iowa and Evan gulche , adj oini~g it on either 

id , which are carved out of the same serie of rocks and are both laro·er 

and contain mor.e detrital material, hav tbu far y ielded little or no retnrn 

to the pla er miner. The que tion naturall; ari · s, ther fore, why hould 

the maller gulch contain, as it did, exceptionally rich g-ravel and it neig-h­

bor be practically barren ~ Although placer mining- had been virtually 

aban loned before this inve. tigation wa undertaken and the e deposits no 
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1onger con tituted an e ential part of the mining indu try of Leadville, nor 

could detailed studi s be made of them, yet some sugge tion are afforded 

by the consideration of the general geolog·ical condition of the r gion that 

:are not without value. 

The richest portion of the California gul h digging are said to hav 

been, fir t, in the bend below Oro, at the mouth of ugget g ulch ; next, in 

the ben d at the L a Plata mine; ann then in that below Graham g ulch. The 

first wa · ex eptionally rich, and in the nal'l'O" bed of the gulch at Oro a 

gold-bearing cement, containing hydrated oxide of iron, wa found below 

the gravel, which ielded one ounce of gold to the ton. 1 he g ulch O'Old 

wa worth 17 to ' 19 per ounce, while that fr m the mine wa worth only 

$15. From it propinquity the Printer Boy Porph ry, known to contain 

actual gold veins, sugge t it elf a the Olll'Ce of the e ri h g ravel·, with 

the oxide of iron resulting from the decompo it ion of pyrite in th Pyritif­

erou Porphyry a a cementing mat rial. 1oreover the \V eber and tone , 

at the head of the g ulch, have been found to carry gold vein , and from 

their abra ion al o gold-bearing gravel would have been carri d down 

the g ulch. The ·e probable ource of gold e m, however, inadeq uate to 

a count for the greater relative richne s of California gulch over its n igh­

bor , ince both Evans and I owa gulche contain gold-hearing vein and 

the amount of and tone and I orphyr3 debri that ha b n carri d away 

through either of their beds mu t have been far g reater than that swept 

through California gulch. 

It eem very doubtful wh tber in general all, or even th gr ater part, 

of the gold contained in placer gravel i derived from the abra ion of actna1 

gold v in . Trac of gold may b found in a ver3 large proportion of the 

rna ·sive rock whieh form th arth' eru t. Gold vein are concentration 

of thi mineral in ufficient quantity to attract attention and y ield a profi t 

to th labor of man· but doubtles there are a vast amount of mall r con­

centration whi ·h may cap hi notice. A the rock eli integrates and is 

worn away by atmo ·pheric agencies the gold from the e mailer deposit ·, 

a well as from the larger, i · et free from its in lo ing rock and ·nbjected 

to the concentrating action of mountain stream . Placer deposits are the 

re ult of nature' va t lui cing proces e . To bring them into the condition 
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in which they may be made available by man requires not only the gold­
bearing rock, which her agencies may grind np into sand and gravel, bnt 
the sifting power of rapid streams, which may carry down the lighter and 
coar er material, and a suitable channel, in which the heavier particle may 
lodge, as in the riffles of a slui ce-box. All mountain gravel , all ancls of 
rivers coming from the mountains) contain a certain amount of gold, but it 
is only un ler peculiarly favorable conditions that the gold is so ·oncentrated 
a to render the gravel or sand rem unerative to the labor of man. Among 
the most favorable of the e conditions is a comparatively narrow channel, 
having a hard and compact bed-rock and ridges or bends in its cour e, 
which, by cau' ing a partial arrest in the rapidity of the current, hall allow 

the heavier particles of gold to settle to the bottom an 1 bold them there 
when once they have settled. 

From this point of view there is a very evident reason why California 
gulch hould have furnished rich placers and why the gold which may exist 
in Iowa and Evans gulche hould not yet have been extracted, even though 
the d ~trital material which has been carried down either gulch hould orig· 
inally have been equaJl rich in gold. alifornia gulch, a has already been 
explain d, i a valley of erosion, form d entirely by the action of running 
water and ince the Glacial period. It has, therefore, a bottom or bed 
of hard rock; it transver e ection is V-shap d and therefore, like the 
Spitzka ten, favorable for the concentration of heavy particles at it bot­

tom. When comparatively full of water, its numerous bends formed eddies 
in the down-flowing current and allowed a longer time at these point for the 

~ettlin o' of the u ·pended particles; and, as it cut aero, s many different forma­
tions in it course, its bed mu t have tran ver e ridges, whi h have caught 
orne of the gold and prevented it (rom being carried farther down the. tream. 

Evans and I ow a gulches, on the other hand are glacier-carved valleys; their 
course are traight, their bottom broad and comparatively smooth. rrhe 
moraine material with which they are largely filled has not been subj ected 
to the ifting or jigging proce s, to which gravel is ubj ected in the bed of a 
stream. Moreover, as shown in Section M, N, and 0, the lower part of thei1· 

present bed is cut, not out of rock, but out of the l~ose gravelly formation of 
the Lake beds. It is not probable that this later bed, along which the mate·· 
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rial brought down by po t-Glacial ero ion ha been ca rri ed, has a uffici ntly 

hard and permanent bed-rock to a.llow of the concent.ration of gold on its 

surface; at any rate, uch bed-rock ha not) et been found. It i · probable 

that the actual rock urface, Yvhich formed the becl of the Gla ial vall 

may be found gold-bearing if it i ever explored; but it ould hardly be 

expect d that in it gold will be found o concentrated a it was in ali£ rnia 

gulch, and its exploration will nece sari] be attended with many mechan-­

ical difficulties, owing to its probable depth below the pre ·ent . urfa. e. 

The Lake bed depo it themselve tmdoubtedly _contain a larg nmount 

of free gold, and it i probable that thi may be uffi iently oncentrated 

at or.pe point on the bed-rock of the original lake to be_worked with profit; 

bu the form of thi ' bed i a ·et too little known to gi ,·e any definit idBa 

of where ~uch points may bt>. Probably the vall y of the a t fork of the 

Arkan a would b the mo ·t favorable point fo r such an exploration, ·in e 

it drainaa-e area i the mo. t xt n ive of any f th vall ys tributary t thi 

anci nt lake; but it would be impo sible to determine befor hand how far 

up thi valley the ancient shore-line of the lake exten led. 

ORE PROSPECTS I~ NEXPLORED AREA . 

Be ide the region mentioned in the above de cription ther ar a few 

other unexplored ar as in which the contact may be reasonably xpected 

to b found productive whi ch will be enumerated below in the order of 

theirrelative availability, or of the proximity to the urface or to known 

depo it · at whi h the contact may be found. 

On Dome Hill, a- shown in Section H, Atlas Sheet XIX, the contact 

i near the urface on either ·ide of Dome fault, and i practically unex­

plored outh of th Dome workings on the one side and of the Ben Burb 

on tl1e oth r. From the Dome mine southward to Iowa gulch, east of tb 

fault and along the west side of the fault for a corresponding eli tance, there 

i. ' good rea on to assume that the contact will be found productive, and 

exploration , hould be conducted on the dip in either direction , though to 

the w bvard the a sumed limit of probable mineralization will soon be 

reached, and on the lo~ er part of Dome Ridge, beyond the Coon Valley, 

pre ent indication, do not promise any large ore bodies. 
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On Iro.n Hill th r gion we t of Iron fault proba.bl3 contain th con­

tinuation of the Iron mine bonanza , bnt th depth at which it will b f und 

may be ueh a to render its exploitation expen, iYe · a haft unk to rea h 

the contact opposite the Iron. mine might have to go nearly a thowand f et. 

As there i some uncertainty a to th actual po ition of the bonar.za in 

thi . reg ion, it might be more prudent to follow the contact downward from 

om point where it depth i ·known, ay in th neighborhood of th D din 
shaft, where it is only 200 feet d ep. 

On Carbonate Hill. the contact bould be followed ' tward fr m th 

lin e of the P endery fault. It ha already been hown in P art I , bapter \ , 

that there i a good probabilit that on th northwe tern lor e. of tho hill 

the formation dip we tward, and that farther outh in the Pendery oTound 

though broken by a fault, the displacement of the latt r is probabl , not 

great. Were the conta t followed we ·tward from a haft reaching th 

lime tone an where along the lower lo1 of the hill, it wonld not take 

long to d termine wh ther it , till xi t under Lead ville or had been re­

ruov d b ro ion preYiou to the d po ition of the Lake beds. hould the 

latter prov to be the a e it would avoid the oTeat and, in this contino· n y, 
use] . ex1 n e of ·inking a d ep haft under L ad ,·ill it elf, which otb r­

wi , will doubtle · orne day be undertaken. 

MI E D PRO PE T OUT IDE THE LE D ILLE DI. TRI T. 

rrhe region outside the area covered by the map of Lead ville and 

vicinit wa examined primarily with the object of determining it · general 

g·eological tru ture and tndying the erie of formation where they were 

le m tamorphosed and better xpo ed than in that di tri t, in order that 

by the experience thu gained it might be easier to unravel the com1li ated 

g ologi al problem there presented. In the f w . hort month that co nld be 

d. vot d to this work jt wa irnpo ible to mak a very complete r y · 

tematic tudy of the or depo its open d by the variou mines in th is out­

si 1e r gion, and only those that came within the lin of work and were 

a ce ible at time of vi it were examined. rhe following notes, the re ult of 

that examination, are offered, notwith tanding their incompletene . mainly 

becau e of the information the) affi rd with regard to the geologi al di ·-
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tribution of ore deposits in the area a a whole, which i, ufficiently ac­
curate, although the details of ore occurrence, especially in orne of the 
larger mine , could not be a certainecl, owing to their inacce ibility. 'rho e 
mine whose name are followed by an (L) were not een by th writ r, 
but the information given has b en obtained from the notes of Prof. rthur 
Lake , who a i ted in the examination. The arne general order of topo­

graphical description that wa followed in Part I, Chapter IV i Ire ned 

here. 
NORTHEASTER, REGIO . 

Monte Cristo mine.-Tbis mine i situated ju t beyond the northern limit 

of the map, on the steeper lope of the spur running ea tward from Quan­
dary Peak, ju t below timber llne. It ore is a low-grade F~rgenti£ ron 
galena, occurring in· a bed of quartzite of ambrian ag , with li ttle or no 
ace mpaniment of vein material or of other mineral . The forrnfltion here 
clip ea. twarcl at an angle of 35°, which i approximately the lope of the 
teeper ea tern flank of the ·pur. The quartzite tratum which carri the 

ore i the outcropping rock on thi teeper part, ~o that it ha only been 
n ce · ary to ·trip off the thin smface accumulation of oil and clebri to 
r aeh the mineral wl1ich is Lhu expo ed over an area of everal a re . 
1 he galena is rather oar e·grained and cr talline and i irregularly in­
tergrown in tho quartzite, ,occurring on it upper urface from a few inche 
t a foot in thickne , but in one ca e extending eight feet below the urface 
of the bed. It is evident at a glance that it could not have been depo ited 
conternporaneou .ly with the quartzite, and no evidence wa e n of any 
.pre-exi ting cavities; whence it i a. umed that its clepo. ition wa a meta­
somatic change by percolating water, like the lime tone depo it of the 
r gion. Although the ore, from it manner of occurrence, can be mined 
v ry cheaply, it tenor in silver is o low and it i o intimately mixed with 
the quartzite that it probably cannot be smelted profitably without previou 

on entration in ore-dre ing works. 
, On North Peak ridge the North Star mine (L) is situated at the ea t­

ern en 1 of its higher part, a hort distance above and west of the saddle 
marked by the Blue Limestone outcrop. Evidence afforded by the dump 
how that its shaft went through the Lower Quartzite cap of the ridge into 

the Archean gnei below. At the foot of the steep slope below thi s mine 
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and ju t west of the addle are several pro pect holes in a bed of dark-green 
hornblendic rock, near the upper part of the formation, which is highly im­

pregnated with pyrites. In the amphitheater north of the addle copper 
pyrites are found in the Archean gneiss, in a gangue of quartz. On the 
addle it elf a hallow pro 'pect hole called Sammy's Barrel show a ga h 

vein in the White Limestone a few inche in thicknes , which carries galena 
in a gangue of calc spar. A.t the eastern end · of Hoo ier Ridge, at the ex­
treme head of Beaver Creek, i the outcrop of a large depo it of iron ore in 
the upper Carboniferous or Triassic bed , which apparently follow the 
bedding, and from which specimens of chrome iron are aid to have been 
obtained. 

MOUNT LINCOL . 

The silver depo it on Mount Lincoln were first di covered in the urn­
mer of 1 71. In pite of their great altitude, being nearly fourteen thou-
and feet above sea level, they were rapidly opened; a number of mining 

town pnmg np at the foot of the mountain; quartz-mill were built and 
. meltin work r ted. For a time the enjo3 ed great pro perity, but of 
lat r ar ha" b n in great m a ur abandoned, and the mining town of 

nartzvill and MontD"omer are uow practically de erted. The depo its 
are principally in lime ton e. The cau e of th ir abandonment rna be 
found in part in the inh r nt cli·fficult of regular development of lime tone 
cl po it , owing to their frequent want of continuity and to the mi concep­
tion on the part of the miner of the character of the depo it . In great 
part it i probably al o due to the excitement attendant on the discovery of 
th ri h del o it f Leadvill , which drew away the fickle mine1· to new 

field . ~ ver thin tend to show, howev r, that the region i one excep­
tionally rich in metalli d po it , and that under y tematic dev lopment 
it pro perity may be revived at no ver di tant future. 

The Russia mine (L) i ituated about five hundred feet below the summit of 

the p ak, in a direction south-southea t. The depo its of this mine are fonnd 
in the Blue Lim tone, which here forms the urface of the plll', the over­
lyiJw heet of Lincoln Porphyry having been eroded off. In place , y 1-
lowi h quartzite and a ·bed of yellow, compact, argillaceou roek, called b 
the miners porphyry, is still found above the lime tone. The ore i prin-
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·ipally galena, with orne sulphate and carbonate of copper, a ociat d 
with a gangue material of sulphate of baryta. The depo it, wher found 
at the contact, averages about three feet in thickne , and frequently op n: 
out into large irregular chamber extending down into the rna s of th lime-
tone. Some of these chamber are 25 feet high, the gen ral averag being 

about ten to fifteen feet. In working the mine a thin trcak of mineral 
can·yin o- gyp urn a sociated with galena or barite, wa followed until it 

opened ont into a chamber or pocket. The ore app ar. to b ri cb r a it 
approaches the summit of the peak. About event -five feet from the n­
trance to the tunntl, a 'lide or fault wa found, pitchino- 45° with a down­
throw to the east. Very little mineral wa found on thi faulted· nrfa' , 
but following it up from where it was truck in the tunn 1 it led to a g reat 

ore body 45 feet above. 
On the extreme of the northea t pur of Lincoln, ov rlooking the town 

of iontgomery, are a nu.mber of abandoned openin o· in the Blu Lime­
stone, bowing a imilar baracter f irr gular deposits f alena, a ·· ·iat <1 

with bar;te, ·which have been worked principally by open ut . 

MOU T BROSS. 

Moose rnine.- The principal mine on Mount Bro i the Moose mine, which 

wa discovered in Jul , 1871 , though the Dwight, which is upposed to be 
an extension of the arne depo it, was first found in 1869. As the mine wa 
clo ed to vi itor at the time of examination, the data with regard to it work­
ing have been obtained from former superintendents. It is situated on the 
northeast slope of Mount Bro , near the summit of the wall overlooking 
the Cameron amphitheater. It ore is galena and copper pyrites, with their 
variou oxidation product , carbonates and sulphate , and the gangue largely 
barite or heavy par. It is found in the Blue Limestone, at or near the con­
tact with the overlying Lincoln Porphyry. The ore has been very ri ch, 

yielding from two hundred to three hundred ounces of silver per to11. The 
formation here dip to the outheast. Beside the overlying Lincoln P or­
phyry, a dike of 'Vhite Porphyry was ob erved, crossing the formation a little 
we t of the mine, and doubtless an examination of the underground workings 
might have disclo ed qther bodies of porphyry. The -tongue of Blue Lime-



MINES OUTSIDE THE LEAD\ ILLE DI TRICT. 523 

tone which forms the urface of the spur between the ameron and Bro 
amphitheaters east of the Moo e mine, i , like that of the corre ponding 

pur of fount Lincoln, honeycombed with open cut , from which apr a­
rently cor1.-idernble quantities of ore imilar to that of the 1oo e mine have 
been taken. So far as ob erved, the ilver depo it in thi region have b en 
principally confined to the Blue Lime tone horizon. 

Dolly V arden mine, on the ea tern lope of fount Bro at a li ttle ] w r 

level than the Moo e mine, i al o in the Blue Lime tone. It ore i gen­
erally more oxidized than that of the l oose, and occur in the body of 
the lime tone, near it contact with a nearly vertical dike of~ bite Porph r ' 
about forty feet thick. The main dike has a strike of betw en N. 15° E. and 

N. 30° E., and dip G0° to the north we t. The ore ha 1 een found along 
the outhea t face of tbi dike in a vertical extent of 150 fe t and xtend­
ing southea tward into the lime tone with the dip of the formation to a eli -
tanc of 100 feet. On the ea t of the main dike i a cond porphyry dik 
with a trike nearl east and we t and a dip of 4 ° to the onth, which 
rna- b impl, · a bran h of the main dike. On the we t ide of the main 

dik a y t no on iderable amount of or ha been di covered. 
In th littl 'alle on th outhea t lope of Mount Bro known a 

Min ral Park i th tunn 1 of a compan • which wa organized during the 
pr perou tim f thi region with the a,·owed intention of piercing the 

mountain to trik the our of th rich depo it of the Moo e and other 
mine . It wa not vi it d by th writer lt nee an exact de cription of the 

rock through which it ha pa -eel cannot b given, but it de erve mention, 
a illu trating th p rni iou habit amono· w tern miner of pending large 
um in running tunnel thr ugh the olid ro k with no ounder ba is of 

hop than th han of triking orne unknown ri h deposit. This tunnel 
aid to tart in quartzit and to have been dxiven about even hundred 

fe t. 'iVh th r it comm n at the Parting Quartzite or at on e in the 
Low r Quartzite is a matter of ompanttivel) little importan e. It tart , 

at all ev nt , b low the horizon of the Blue Lime ton and th refore can 
b) no po ·ibilit r Rtrik any of th ore bodi contain d in that tratum. A. 
will readily be een by r fer n e to e tion L of Atlas Sheet X, the tunnel 
will oon, if it bas not already done , o, r a h the cry talline rock of the 
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Archean formation. Its horizontal distance from the Moo e mine i about 
two mile . 'J'he expen e per foot of driving- ·uch a tunnel after the fir t few 
hundred feet, as any person familiar with mining can readily e, mu t be 
very great. 'l'he only ore bodies which it can trik will be tho occur­
ring at considerable depths in the Archean rock . In thi extent of two 
mile a valuable ore bod might be truck, specially near om dike of 
eruptive rock, but the probabilities are ag-ainst it. A far a pre ent lev 1-
opments bow, the veins di covered in the Archean in this region are g n­
erally small and of no great value. Even in the ca e of a w ll-defined 
vertical fissure, the advisability of running so long a tunnel to trike it in 
depth, unless it had been proved by actual exploration to be rich at the 
depth at which it would be reached by the tunn l, would be extr mely 
doubtful. 

BUCK KIN CAr 0 . 

The neighborhood of Buckskin Canon is a reg-ron of important devel­
opment of ore ·bodie , whi h are not confined to the horizon of the Blue 
Lime tone, but occur al o at lower horizon , ome mall bodie having Yen 
been di ·covered in the Archean rock . The mo t important of the e i the 
Phillip mine, which "·a eli covered in 1 60 by Jo eph Higginbotham, 
commonly known as "Buck kin Joe," from whom the neighboring town 
received it name. The ore occur in the Lower Quartzite, near the bottom 
of the valley, on the outh ide of the stream. Here an imrnen e lenticular 
body of iron p rite , with a little copper pyrites and a gangue of ulpha.te 
of baryta, follow the trike of the rocks up the gentle lope of the valley, 
ri ina- from the stream bed to the foot of the canon wall . Ero ion having 
laid bare thi body in a length of about two thou and feet, it wa mined by 
the arly ettler in an open trench from 20 to 30 f~et wide and about ~fteen 
to twenty feet deep. Being exceptionally exposed to the action of water 
and of the atmo ·phere, the upper part of the depo it ,-vas entirely oxidized. 
By a natural proce s of concentration this oxidized portion became very 
rich, o that in the early da} , even with the rude proces es then in u e, 
con ·i ting mainly in sluicing and grinding in arastras, it was worked at a 
profit, and fror.p. a quarter to a half million dollars are said to have been 
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taken from it. When the unoxidized portion wa reached, th ore becam 

poorer, y ielding only about ix dollars per ton in gold, and the difficulty 
of treating it in the ordinary tamp-mill wa u h that th min was after 

a few year practicall abandoned. rrhe ore body which at the urfc.l. e 

had practically vertical wall , wa found to split up in depth into maller 

bodie , dipping ea tward and following approximately the tra.tifi ation 

plane of the quartzite. On the ea side of the open cut a body of por­

phyry form the wall of the ore body for a hort di ta.nce, and i probabl 
an offshoot from a larger body of Lincoln Porphyry which crop out in 

the tream bed a few hundred f et below the mine. Exploration ' on thi 
-ore bod have been carried to a comparativ ly mall di tance below the 

urface1 and it i not at all improbable that, if 'Y tematically expo ed in 

depth, other large bodie might be developed, which, under pre nt condi­

tion , with melting work within ea y rea.ch might be mined at a profit. 
Criterion mine. - On the north wall of Buck kin Canon a little above the 

town f Bu k kin Joe and about half way up tb cliff, i th now aban­

don d riterion mine. H r , ju t abo ' e the junction of the Lower Quartz­

it with th underl ina- rchea.n, in ~L hallow ravine, i expo ed a body of 

r en porph. rrit impregnated 'vith p ·rite·. A little abov this on the ea t 

·id of the ravine i an imm n e open chamber, about ixty feet in height 

b ne htmJ.red feet or more in letwth and ten to twent; f et wide, strik­
ino- N. 3 ° E. It ro ·e the bed a.lmo t perpendicularly, and eem to 
ha, n ontained a body of ore whi h ha been r moved either b 

a m ph ric ag n ie or po jbly by orne earlier miner of whom no trace i' 

l ft. Th white quartzite adj ining the bod i tained with iron oxide and 

m w~1at di int Tated. N arl adjoining the upper part ofthi bod on the 
northw ·t, an irr gularly l "nticular- haped re body ba been developed by 
th tunnel of the rit ri n mine. It form i rather horizontal than v rti­

cal, but. it onne t with th upper part of the laro·e cavity. Th vein mate­

rial i mmbly iron- tained quartz, evid ntly r ulting from the d compo= 
ition of the quartzite. The irregular- ·haped chamber from whi h th or 

has been tak n i in place tw nty t twent r_fi , e fe tin height, and ha 

beeu opened for a length of over one hundred feet. No chemical exami­
Jlation wa made of the ore to a ·certain it a tual value, bnt it contain 
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carbonate of lead and probably ·il v r. The evidence of xt ndecl miner­

ali zation at thi point is o trong that it i well \YOrth of mor thorough 

exploration. In all probability the ore wa originally a ulphuret though 

containing a maller portion of pyrite· than tu Phillip d po it, but ·o far 
a examined it ha be n entirely oxidized. In th \Vuit Lim tone above-, 

apparent!; on the arne vertical plane with th laro· cavity, an opening· ha 

been made on two mall bodie · of O'alena following verti al j inin ()' 1lane 

in the lime tone. It eem probable that the re which on ·e filled the laro·e 

cavities wa originally depo ited along a jointing plane or the plane of a 

small fault, an l that the cavity ha been errlarg d by econdary alteration. 

A ma.ll fault with a movement of about twenty fe t an be tra ed nl ng 
the bed of the hallow ravine which indent the face of the liff. It i. 

worthy of note that all the es plane have a common trike north a t 
and south we t, which is al ·o that of the fault on t_he north fa e of Lo' e­

land Hill; thi, may be ob erved on tl:e oppo ite ide of the canon , about 
a mile above thi point and on a line due onthwe t fi·om here. 

Excelsior mine (L ). - A little we t of the Crit~rion and higher up on the 

face of the cliff i the Excelsior mine, likewi e abandoned who po 1t10n 
i marked by the keleton of an old building tanding perched on the edge 

of the cliff, overlooking the precipice below. Here an irregular body of 

porphyry or porphyrite traverses the White Lime tone, which i ~ omewhat 
contorted at it contact. The mine i opened by a tunnel, on either side of 
which the eruptive rna s crops. But little ore has been developed, but the 

ro<.:k are deeply stained with iron, and. at the contact of the lime tone and 

porphyry i found a little free gold and ilver, with copper and iron pyrite>:. 

'L'he pur of Mount Bross, above these mine·, is covered with p:o pe t­

holes, the more recent of which are generally in t:he Blue Limestone. ''l'he 
older prospect , which were made at the time when only gold wa.· ought 

for, ;;tre generally confined to the sili ious beds below this horizon. 
Colorado Springs mine.-In the Rl-3d amphitheater, higher up the canon, on 

the . outh face of Uount Bro , is the Colorado pring mine, \Yhich i till 

being worked, and obtains ri h gal na ore from the lower part of the Blue 

Lime tone, at or near its contact with the- Parting Quartzite. '"fhe ore body 

average two or three feet in thickne s. The lower portion of the Blue 
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Lime tone is here, contrary to what it name would indicate, quite light­
colored. rrhe ore i extremely rich, but very irregularl eli tributed . it i 
evidently a replacement of the limestone, there being· no evidenc of pre­
exi ·ting cavitie . 

Dominion mine (L).-In a pro pect hole to the no rth of thi , called the Do­

minion, ore i al o found at the co1 tact of the lime tone and Parting Quartzite. 
The ore body average two feet in thickne s and i said to a ay fr m ·6 
to .1 00 in ilver per ton. It carrie brittle silver, ilver glance ulphate 
and carbonate of copp r, and orne antimony. . 

Sweet Home rnine.-On the face of the cliff, a little outbea t of th R d 

amphith at r, in the gneiss below the Paleozoic rock , i the weet Hom 

mme. It ore is found near a body of very much d c rnr o eel Lin oln 
Porphyry, who e ' tufaces are covered with a y ellow coating of oxid of 
iron, containing arsenic and antimon . This mine is intere ting from the 
varietie of mineral pecie thu far obtained from it. Among th e are 
uprit , flu rite (pink and blue) jame onite, melanterite, rhodocro ite, and 

zink nite. 
Fr m th Tann r Bo mine on th outhwe t ·ide of the gulch, aid to 

b a fi nr d p it in gn i , are obtained remarkably fine cry tal of de p 
r d rhodo ro it , or arbonate of mangane e, containing a little magne ia. 
It o ur in v ry well-defin d rhombic cr tal , i omorphou with calcite. 

might be xpe ted from th pr valen e of eruptive bodie , ore i found 
in mall vein in almo t every part of the rchean rock exposed in Buck­

kin Cafion. A yet, however, no larD' and important discoveries have 
been made, and a priori the condition · for con entration of large ore bodies 
would be le favorable h r than in th overlying Paleozoic rock . 

On the outh ide of Buck kin gulch at the ea tern end of the cliff 
wall hown in Plate ../III (p. 12 ), and form d b the lower Paleozoic beds 
·lo1 ing up toward th ct·e t of Loveland Hill, mall re boclie have been 
op ned up, followino· jointing planes in th \iVbit Lime tone and the 
Lower Quartzite. 'rh e lepo it are g nerall xtremely thin and of 
limited extent. They frequently ncl out bra.nche for a hort eli tance 
int th adjoining rock, following the tratification plane . Their ore i 
galena, bla k ulphuret , and sometimes native ilver. The dire tion of 



528 GEOLOGY AND MINING I "DU TRY OF LEADVILLE. 

the e joints i , a at the Criterion mine, generally north a t and , outhwe t. 

rrheir plane i practicall at right angle to the tratification. light eli -

c01·dan e i frequently ob erved in the bed on ither ide of the plane, 
bowing a di placement of a few £ et. mong those not.i d i the 1 rne t, 

at the foot of the cliffi ju t back of the Phillip min . H re ma r be n 
a phenomenon not uncommon in un tratifi drock , th rumplino· of a c rtain 

bed, which doe not extend to th adjoining bed . 'I his rna b uppo d to 

be the r ljsult of unequal plasticity, by which, a an eff ct of lateral m­

prt:. iou, one bed ba b en rumr led or folded, when the other, , b ing 

more pia tic, have expand d ufficiently to allow for th longitudinal con­

traction . The Ern st i in the upper part of the White Lim ton , a i 

the Rock I land, a littl higher up the canon. The North rn Li.o·ht, whi h 

i · hown in Plate XIII, i in the Lower Quartzite, and ha a gangu f 
al par. It Y in mat ri al ha a maximum thi cl ne of 6 £ t. till t 

the we t of thi · is the Rock I land, wbi h i · in th e upper 1 art of th White 
Lime tone. 

LOVELA ' D HILL. 

In the Blu Lime tone, which co,· r the .·m{a e f LoY land Hill 

a,re a great numb r of pro pect hole and mall mine which hav opened 

irr gular bodie of ore, principally argentiferou galena and it d comr o­

ition product . 
Fanny Barrett mine (L).-The mo t important of the e i the Fanny Barrett 

whi his ituated not far from the edge .of the liff overlooking Buck kin 

·ul h, and apparent} · near the line of fault notic don the south wall of Bu k­

kin gulch. It i about on the line of ·trike of the riterion clepo it. Th 

or fill ~ a. o-called fi ·ure some four feet in width, containing galena and what 

i. called by the miner "hard carbonate," i. e. a ulphate of lead, forming 
o-re ni h-white cone ntric layer like agate, with orne carbonate of copper. 

The gangue is a oft hydrated oxide of iron, with con iderable oxide of 

rnangane e, which give it a black color. In places th ore form bran ·h­

ir g depo its and lenti ular bodies of con iderable size. along the stratifica­
ti n plane . The fi sure i suppo ed to ba,ye been tra,ced quite aero the 

ere t of Loveland Hill to the cliffs facing !l:o quito and Buck kin gulches 

on either ide. On the Buck kin ide, a little above the contact of the 
r hean with the Lower Quartzite, a body of ore has been opened in the 
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gneiss, at the junction of the porphyry and the white quartzite. A little 

below this a vertical fissure ha been opened in the gnei ·, about two feet 

in width, containing galena and pathic iron. From the description, thi 

deposit is evidently of the same nature as the other lime tone depo it in the 

region, in this case, however, following mainly a verti al jointing plane. 

It is hardly probable that such a plane would be found to be actually con­

tinuou for any great length, but very likely, from the per i tence of its 

direction, the e planes have been de' eloped more frequently in the neigh­

borhood of the line of the fault, and may l1ave been accompanie l by a 

slight eli placement. Thi movement would naturally extend for orne 

eli tance into the underlying Archean, and the ore current would follow 

imilar joint formed in the e rock . From analogy with other depo it in 

thi eli trict it is hardly probable that the so-called fi - ·ure vein in the goei 

have been filled from below. 

Higher up on Loveland Rill, on the ridge which connects it with 

Buckskin P ak, ore is £ nnd in the White Limestone and in the Lower 

uartzit . Among th pro p ct th La aile re bodv occur between 

th lime ton and th quartzite; Little ell and Julia are on narrow ver­

ti al Y i11s al o ti·iking n01·thea t, in the Lower Quartzite. On the very 

top of the hill, in a mall patch of Lower Quart2ite, are the Mountain Lion 

uncl ilver Ex hn.ng claims, whose ore i galena, with green carbonate of 

copper, carr ing gold and ilver. On the 1o quito ide of th hill i the 

Kan a mine, at th jun tion of the White Limestone and Lower Quartzite, 

in I roximity to th porph rit body, below which i the Chri tian Aid. 

On the .outhea tern end of Loveland Rill, toward Mo quito g ul h, 

llUm erou bodie of ore have b en open d in the Paleozoic rocks. Of 

the e the most important i the Orphan Boy, which is abandoned and wa 

not vi ited. It ore 1 found in quartzite, which probably belong to the 

ambrian £ rmation. The J rs y and other claim nea.r Park City, in the 

b ttom of the gulch, have truck galena in the vVhite Lime tone. 

BETWEEN MO QUITO AND ROR f HOE G L HI<: . 

uth of l\1o quito gulch, on P nnsylva.n ia Hill, are many pro pects in 

tlw Blue Lim ston , and on Ball Mountain in the vVeber Grit . In none of 
MON XU--34 
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these, so far as ob erved, have any ore bodies of value been found . The 

pro pects in tbe Weber Grit are e peciall r barren, and it i diffi ult to con­

eive what indu ement has b en offered to the miner to expend the amoun t 

of labor they have in thi reg10n . In general th y eem to hav b en 

attracted by the darker bed , containing carbonaceou matter, whether . and-

tone or hale, which, in general, have a littl 1 y rite in them and tiOmetime 

a trace of gold. long the aeramento gulch al. o, and a' far as the ridg 

which divide them from Hor e hoe, the labor of th miner . eem to have 

been barren of pra ticalre ult . Thi i the intermediate region betw en 

the Lin oln Porphyry intru ions m·ouncl the Monnt Lin oln rna ·ive and 

tho e of ·white Porphyry along the line of Hor e hoe o-ulch. 

Sacramento mine.-In the Blue Limestone of the ridge outh of Little 

acramento gulch, anr1 ea t of the London fault, i the a ramento min , 

'-vhich has been worked for a number of year- and produced a good deal of 

ri It ore. At the n1i ne it lf the Blue Lime tone form the urfa e, the 

overly ing porphy ry havin o- been removed by ero ion, o th at it i im p . ibl 

to ay what proportion of the original ore bod · may have exi ted in the 

upper part of the limestone. 1 he ore, which on i ·t of galena and and 

carbonate of high grade in ih·er, i found a-enerall • in irregular ma e 

thr ughout the lim ' tone beus. Some clayey iron xide occur a gangue; 

and c n idera ble ulphate of baryta i found a sociated with the mineral. 

everal h 11ow caverns have been found b the exploration of the min e, 

in on of which remarkably beautiful stalactite of white fibrou an·ago-­

nite occur. The e ave have evidently been £ rmed in ce the depo ition 

of the ore and are connected with natural jointing plane in the lime-

tone. orne of the cavern are partially filled with a clayey material, 

which nms four to five ounces per ton in silver, and is evidently an infiltra­

tion from the ore bo lies, which contin ue on either ide of the cave without 

bearing any relation in form to it. The lime tone above the horizon of the 

ore i · generally darker colored than that below·, which is of a light-gray 

color and more cry ·talline structure; but the distribution of the ore bodies 

i ·too irregular to consider them a definite depo it along the dividing plane 

between the e two varieties of limestone. The lighter limestone has the 



MI~ES OUTSIDE rBE LEADVILLE DISTRICT. 531 

ril be l tru cture, chara cteri stic of the Blue Lim e tone horizon, very beauti­
fu11 y developed. 

On the rid ae between Sr ring Valley and Horseshoe g nl ch the Mud ill 
claim ha found o·alena at the a me horizon, forming a ontact depo it betw en 

the dark r and lighter lime tone . To th ea t of thi the Li ttle Chri tin e 

ha developed mall ' ein of galena in tb e porpb p.·y overly ing the li me­

stan . On the ea t rn lop of the rang 01;th of H or e ·hoe gul b, as 

well a on Sheep Mountain ridge, the contact f Blu Lime tone and Whi te 

P oq hyry ha been but li ttl pro pe ted, and , althouo·h no con iderable ore 

bodie have y t been eli covered in thi. por tion there i a fair probability 

that more y tematic search will yet dev lop th m Sheep Mountain being 

a mo t e pe ially promising locality . 

CR EST OJ? THE MO~QUITO RANGE. 

great c1 al of pro pecting has been done along the very ere t of the 

.Jio quito range, the bn.re, precipitou , and often almo t inacces ible slopes 

of hio·h motmt< in eeming to offer e p cial attraction to the hardy pro -

p t r. Thi .mav be, in part at 1 a t, explain d by the fact that in the e 

1 vat l regi n the roek ·urface · ar generally expo eel and wept clean of 

ob uring oil and other nrface ac umulati n , and therefore the "indica-· 

ti on whi eh th y follow u h a a taining of iron oxide or of carbonate 
or of ili ate f copper, ar . more readily een than in the lower coun try , 

wh re, when found, ore i , likely to be mor remunerative. It eems hardly 

n Rr to RY that the id ea that prevail · among some pro pectors, and 
t ,,.hi h redenc i giv n en by some educated person , that rich ore 

bodi Rr more freqnent near mountain-top , has no ba is of geological 

evid nee to upport it. But few mine have been actually worked at the 

ere t of the ran o·e, and the e only intermittently, which is hardly sm·pri ing 

when one con ider that it i frozen up nine months in the year. 

At the head of Mo quito gulch, and ju t west of the London fault, the 

N w York mine i~ said to have developed con iderable rich ore at the con­

tact of the Blue Limestone with a small overlying beet of White Porphyry 

of lo al occurrence. 
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London mine.-Thi is the mo t promi ing of the ·e elevated depo its, and 

has been known for a long time; but, be ide the natural diffi ultie of it 
position, apparen t bad management and conte ted owner hip have com­
bined to retard its development. Fuel being expen ive at uch an altitude, 
the novel idea wa adopted of n ·ing wind a a motive power, and a pow rful 
and strongly constructed windmill was built near the mine ; but it pro' ed 
incapable of re isting the force of the fierce wint r torm which sweep 

over Mosquito Pa"s, and wa blown down the first winter after its r ction. 
The geological horizon of the depo it , a explained in Chapter I (p. 

142), is apparently near the junction of the White and Blue Lirue tone , at 

the contact with a sheet of ' Vhite orphyry ly ing parallel with the. tratifica­
tion. It i , there hown that the strata are here turn d up at a ste p angle 
again t the London fault on it we t face, and that a their trike makes 
an acute angle with the plane of the fault, they are gradually cut off by it, 
succe ivel) higher horizon coming in contact with the fau lt line as one 
goe aero London fountain from north to outh. 'rhis i shown in a 

general way on the map of the Mo quito Range ; but it mu t be borne in 
mind that the line of fault could not be traced with ab olute accuracy, owing 

to its covering of debris, and that, even if it could ha, e been, the cale of the 
map is too small to represent the necessary details of structure. 'I hi is a 
point of great intere t a regard both it geological ·tructure and the li D'ht 
it exploration might throw upon the gene is of ore depo it·, and it i · to 1 e 
regretted that the underground workings of the mine had not been suffi­
ciently extended to afford more definite data on the e points. In the ingle, 
somewhat hurried vi it that could be made only a cur Or) view could be 
obtained of the ore depo ·its and their surroundings. They con ist of two 

so-called veins, parall el and about fort) fe t apart, tanding nearly vertical 

and striking about northwe t and outhea t Of the e, the southwe tern 
ha an average thickne s of about four feet and is extremely well defined. 
I t carrie ulphurets of lead, copper, and iron, with some gold. The north­
ea tern body is a free-gold ore, impregnating the country rock for about 

two feet in th icknes . Both have been proved in a length and in a height 
above the tunnel level of several hundred feet, and the ore was said to 
average .. :40 per ton and upwards, consi ting in co n iderable proportion of 
fr e-milling ore. 
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1 he main working tunnel was run into the ba ·e of the mountain on n, 

level with the mine bu ildings, a lit tle we t of outh in direction, and cut 

the ore bodies at 5 I 0 and 590 feet fr m it mouth, r spectively. F rom 

tbi dri ft ru n along the veins in outh ea.sterl y direction, from which it was 
intended to cany stopes npward toward the ere t of the mountain, which, 

at its urnmit, i even hundred to eight hundred feet above the tunn l 1 vel. 

The direction of the e ore bodies conv rg towards the fault plane, and it 

was estimated that the latter wonld be cut by these drifts un der the crest 
or a li ttle ou'th of that poin t, the di tance at which it would be reached 

depending on the angle of dip of the fan lt plane, of whi h nothing definite 

could be a certained. If thi dip were very teep or near the vertical, the 

eli tance of inter ection would be coiTe pondingly greater. I t wa evident 

from "''hat wa een dnring the e amination that the ore bodi , in spite of 

their appearing at fir t glan e to be vertical vein , are following, at lea t 

approximat ly, the tra-tifi cation of the sedimentary bed , and in thi re pect 

r mbl the majority of the deposit of the region. They were, therefore, 

probably formed b fore th folding and faulting took plac ; in which ca e 

th y will end at th fault plane1 their continuation beyond that plane having· 

b n ca-rri ed up by the movem nt of the fau lt, and in ce eroded away. It 
' i , of course, po ible that the ore curren t by which they were deposited 

cam up along the fanl plan itself, in which case the ore bodie would 

naturall) be found to continue downward on that pl ane. Should this be 

found to be theca e it would b the fir t in tance observed in all thi region 

of original ore d position on' one of these great fault planes.1 

P eerless mine.- t the head of H orse hoe gul 'h are a number of claim , 

two of which have developed a con iderable amount of ore. Of these, the 

Badger Boy is in the Blue Limestone, which is exposed in the bed .of the 

north fo rk of Fonr- fil e Creek. The Pe rles mine i at the >ery crest of 

the ridge, ju t south of Peerless :Mountain. Its ore is found about twenty 

feet below the top of the lime · tone in irregular lenticular bodies. The 

lim estone is il re very ilicious, the npper part resembling quartzite, but it 

' in ca t.bis v is it a wealthy company bas developed t.be min e, building a rai ll'·ay oight mile long 
for transporting ore and suppli s an d a mill for the recluct.ion of Lhe or . The fault plane is said 
to have ueen cnt by the d ri fts a long t he v in , but t rustworthy accounts are want in g as to tbo resnlt 
of dev lopments bearing npon t he abovo poin ts. 
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i al o ,-ery much iron tained, an l it em· probable that tbi is mer I · a 

secondar) deposition, r semblin o· the g-angue matter of ·orne of the L ead­

ville mines. The ore i galena and hard carbonates, with a little opp r, 

generally in the form of carbonate. 

WE TERN LOPE OF MO QUITO RA rGE. 

On the n est side of the rang-e, out ·i le the limit ot the Leachille mav 

are many pro pe0t bole·, both at the on tact of tl1e Blu · Lime tone and 
V\ bite P orphy ry and in the und rlying- and o rl ·ing rock indis.crimi­

nately. The form r have genera~) deYeloped a little ore, eYen a far outh 

a,· vVeston ass, but the l veloi meot · are extremely up rficial and un y -
tematic. H ere, a. elsewh ere, miner ·eem particularly attracted by the black 
layers which are com t11 on in the. \\ eber Grit ·, and con idernble. labor ha 
b en fruitle ly xpended in exploring the bed of black shale on Empire 
Hill, which contain fos il who · ast ha,·e been repla d by iron p · ri t . 

In the reg-ion north of Leadville, on the west ide of the range, owing to 

the fact that the urface i principall) occupied b_- the Weber formation, 
the by no mean inconsiderable labor expended b · pro pector has been 

comparatively fruitles . Slight trace of ore are frequently found in con­

tact with the numerou bodies of porphyry which traverse t.bi. formation, ' 

but as yet .none worthy of any extended development. The teaching of 
tbi examination are that remunerative ore bodie. are far more likely to be 

found in the calcareous than in the iliciou bed , and for thi reason pros­

pectors would be '"·i e to direct their labors principally to pro pecting- the 
outcrop of limestone strata. 'I he actual ore contact between Blue Lime­

stone and overlying porph ry occur on tl1e wooded slopes bordering '.l'en­

nes ee Parle, ancl is so much ob ured by surface accumulations that it is 

I ractically unprospected. 
EI capitan mine.-This mine is . ituated just west of the extreme north­

we t orner of the l\'Io quito map, the location of it shaft being- giv n in 

the margin. G reater importance attaches to it than the economical value 

of the ore bodies would otherwise warrant, becau e it is the first di covery 

of rich ore in Blue Limestone north of the L ead ville di trict. .No indica · 

tions of ore '1-Vere found upon the surface in this r~gion, and it was simply 
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becau e it wa r coo·nized a· the ' ' L ad ,-i ll e contact that th lime tone 

wa. pro p cted. Th ge11 eral geological trn ctme i shown in Figure r:. , 

\-vl1i ch repre ent an east-and-west ection approximately along the north rn 
boundary of the area mapped. 

Figure 5.-Taylor Hill. 

li&¥£l ~ ~ ~ lf#it.y.fl .. tili11 . 
\\·eow-r Gnt•. \\·rber Shale!'. Rlue l.1me .. nc r nnma Qu!lrt11 l t" W hite l .im.:~tnne f.to\\ t" t QIII'UIZilf'. A rc-~l":tr. Grns Porphrrr. 

'The am brian ilnrian, and Blue Lime ton e b d · here outcrop along 

th ba e of the wood d hill lo1 e dipping at about 20° to the ea b,·ard. 

l OYe the is the main h et of ray or Eagle Riv r Porphyry in great 
thi kn , th and tone of the W b r Grit forming the upper part of 

hi ago ridge. The Ion er part of the Weber Grit , or th \\ eber hale , 

'' hi ch h re con i t mainl) of quartzit e, with only a £ w thin layer of 

hal e, are plit into two portions by the porphyry bod) and eparated from 

the main hody of \Veber Grits aboYe. A fragment of the e, about forty 

£ t thi k at the outcrop, i left r ting directly on th Blue Lime tone b low 
th porphyry body. Th Blue Lime tone ba the ribbing of white calc spar, 

which characterize it at Leadville and at the acramento mine. No ore has 

be n found at the actual porphyry contact, bnt it occurs at the upper ur­

face f the Blue Limestone, extending do"' nward to a depth of 15 to 20 
£ t, a Rhown in Figure 6, which i a section on a larger scale through the 

mine itself. 
A at Leadville, the ore occurs a a replacement of the lime tone, but 

yield free gold instead of lead and silver, the latter occurring only in mall 

quantity, and lead as yet not having been found. The vein materi al con-
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si t · of iron-stain d lay, with layer of light-colored banded chert, from a 
few in ches to tn·o or three feet in thickn s , whi h pa into oar e iliciou 

sandy. material, re mbling quartzite; this latt r con titutes the riche t gold 
ore. Impure kaolin and Chin e talc are al o found in the v in mat rial, 

nnd are generally go1cl-bearing. The lepo it is thu in almo t ev ry re pect 

a ounterpart of tho e of Leadvill ~ , except that gold rer la e ilver an l that 
lead i wanting. From thi vicinity wa obtained direct ev idenc that the 
iron oxide in the e vein materials re ults from tho decompo ition of pYrite ~, 

in the. kemel of unc1ecompo eel pyrite that som times i £ und in the cent r 
of a nodule of vein material. 

Fignre 6.-El Capitan Mine. 

-Rlne T.im~.!li tone. Ore. Gr~y Porphyry. 

The followin g table shows the re ult of a chemical examination of one 
of th en dule from No arne gulch, to the south of th o El Capitan mine. 

Analy i No. 1 i · tho pyrite kernel, No.2 thE'l dark zone next to it, and No. 
3 the lighter-colored outer zone. From the e it woulcl seem that the proc-

of hange i not only an oxidation of the sulphide, but a gradual 
removal, first of the sulphuric acid and later of part of the hydrated oxide 
of iron, and a 1•eplacement of tbis by insoluble material, mainly silica. 
From the two analyses of ri ch ore ( J os. 4 and f>) in the same table, the 
ri ch r of the two appear~:; to be that in which this change ha proceeded 
furthe t, and which i called "silicior;s ore," although its contents in alu­

mina would seem to indicate a mechanical as well as -a chemical interchange. 
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I Substance. Tow !. 
I In olublc. _::_I F e.O> ~~~ ~ag'& } Ignitio~~~~_:_ 
1- 1 

-------
Pyri te kernel, Ko '" "·" ul :-. .......... ... ~ Nam~gulch ...... 9 . 11 

I 
1- --- -----' I ---

' 2 Darker intormedi-

16. 36 .•.... .•. . i3. 42 . .... . . --1 L ato zone ........ .. 0. 09 10. 13 . ~ .. .. .. .. ·-· -····· · 100. 00 

- - --------- -----,_3
1 

Lip:btcr out er zone .. 54.28 .•••• . . • • . 39.84 ==I 0. 06 5. 82 ···· ·· · ·- · ···· ·· ···· 100. 00 

! 4 1 "Silicious ore," E l 1 Silica PbO I Water 

i Capitan mine..... -· 40 Trace 10. 38 4. IG 1. 217 1 1. 3 0. 002 0. 011 100.00 

I 
51 "Gold ore, " El Cap- ----~------

-~---

j itaumioe . ..... . .. , 11.56 "None 77.00 ·· ········! 0.609 1 10.23 o. 0002 0. OOOJ, 99.9990 

TE T-MILE DISTRICT. 

The ore deposit of thi di trict, which li e~ north of the we tern half 

of the Mo quito map, will be made the , ubject of a separate monograph, 
and only a bri ef mention of their prominent characteri tic need be made. 

The larger and more prominent ore bodie of tb i di tri ct re emble 
the L ad ille d.epo it in that they occur a a replacement of limestone 
strata, and generally al ng the upper urface of these trata. In this re-

I ect th y are conta t d po it , but the immediately overlying rock is gen­

erally a sand tone in tead of a porphyry beet. Th development of erup­
tive rocks is ven more remarkable than at Leadvill e, and they occur gen­

erally a intru ive beet nearly parallel with the tratification, sometimes 
al o in th £ rm of tran ver e , beet· and dikes. 'fhu , although the ore 

body may n t be found in actual contact with an eruptive rock, it i neve1· 

very far removed from one. 
The ore bodie them elve are le completely oxidized than those of 

Leadville, probably be ause of the greater elevation above sea-level, in 

con equence of ~bi ch urfa.ce water ar impri oned by fro t dming a 
oTeater proporti n of the year. TLe unoxidized portion of these larger 
ore bodies con i t entirely of ulphides, mainly pyrite, zinc blende, and 
galena, while the oxidized portion, near the urface, con i t of iron-stained, 
clayey v in material, carrying carbonate of lead and chloride of silver, 
scarcely to be distinguished from the average Leadville ore, though it i 
generall y less rich in silver. The manner of occurrence of ore bodies 
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along the upper urface of the lime tone, and ext ndino· in o-ularly fr~)m 

that surface downward , g iYe e ' idenc al o that th ore curr ent · a ted from 

above do\vnward . 1or ov r, in the most important mine in the di tri t, 

th R obinson mine the actual crack, either fa,ult or j ointin g plane, thr ug h 

which these curren ts ma) ha' e reach ed the limestone can be trac d in the 

roof of the main ore body and parallel with it longe t dimen ion. 

this a certain amount of pyrite ha been depo ited in the mi ace u 

stone which overlies the lime tone. 

1 ng 

and-

The beds in which th e e depo ·its are found belong to the pp r ~ al 

M a ure formation, '' ho base bas b een arbitraril y taken at th R bin · n 

Li me tone, o called from the mine f that nam in whi h it wa fir t ex-

a mined. 
DEPO IT.' IN TRE ARCHEAN. 

On the oppo ite -ide of T ennes · e Park from the El Capitan mm 

one of the prominent peak of the • awatcb range i known a · Home take 

P ak, from the mine of that name, \vhi cb occur ' in the r bean rock on it 

lope . It was discov red before the carbonate depo. it of L eadville, and 

1 · aid to ha ve produced con iderable ri ch galena, carrying· from 30 to 

60 per ent. of lead and from 200 to 250 ounce of ilver to the ton. In 

it has been found a mall amount of an arsenical nickel min ral, suppo ed 

to be gersdorffite . A the mine \Ya not vi ited, nothing further can be 

said a, to the character of the depo ·it. 

In the Buck kin and Arkan a a mphitheaters a re many p~·o pects and 

a few small mine , on what a re assumed by their owners to be true fi . ure 

veins. None of the min es ';vere being worked at time of v i ·it, and they 

wer therefore mostly inacce ible. 1~hey were examined, however when­

ever they came within the line of work, and it ·was foun d, so far as such 

examin ation extended, that they were invariably n. simple mineralization of 

the country rock along some plane which admitted the percolation of water, 

whether a jointing plan e or the plan e of a fault, and that the min eral 

occurred as an im pregnation or replacement of the countr:r rock , the ' ein 

material being imply an altera ti on product of this rock, and not foreio·n 

mat rial filling pre -exi ting fis ure , a i ' supposed to be theca e in a tm e 

fi : ' ure " ein . 



CHAPTER VI. 

GENESIS OF LEADVILLE DEPOSITS. 

The ore deposit of the region having been de cri bed in the for g mg 

chapter ·, with a much d tail a pace all w it remait~ to gather togeth r 

briefly the evidence upon which th general onclu ' ion with r garcl to 

their origin and mann r of forma tion gi v n in Chapt r I, have b en ar­
riv cl at. 

Before entering ur on the di cu , ion of thi ,·icl n e, howeYer I would 

state that I do not laim that the e conclu,,ion are ab olute or :final, nor do 

I 'vi h to be con id reel a offering them a g n ral theori e appli abl to 
all or depo it . Th y are those that seem to b t ac ord with the f~1cts 

now at m) omruand and the e facts Ira \· been pre ented arefnlly, cor -

·ientiou l;, and " ·ithout bias in faYor of any pr con iY d theory. Otller 

fact ma; com to light which rna- lead to a modification of the e conclu­

sion , and I re ene the right to adopt u h modification wher Yer the 

Yidenc afforded b) further d " lopment in thi or any other distri t 

which rna orne under my notice shall ' eem uch as to require it. The 

stud) of th underground stru ture of a mining district nece ' .arily pre­

sent many problem which cannot be definitively solved until the entire 

area ha been explored; neverthele s, deductions may be made from ob-

rved fact , and from analogy with facts gathered in other carefully studied 

regions, which will justify a hypothetical forecast that may be of gTeat 

practical ervice to tho e engaged in mining, e' en should that foreca t be 

1 rovt:d later to be incorrect in orne of it detail . 

In tud) ing the g ne is of the ore d po it of Leadville, one main 

difficulty at the time that this work was carried on wa · their univer ally 

oxidized condition, re ulting from econdar r alteration by urface wat r~ 
539 
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which rendered it difficult to arrive definitely at the original form in which 

they v. er laid down. When the mine working hall hav been extend d 

to snch depths that the · mineral is found practically belt r d from the 

secondary action of surface water the tuuy ' ill be render d more ea y 

and there ult arrived at will be more certain. 

In thi di ' cus ion it will not alway be I o ible to follow the xact 

order given in Chapter I , which wa adopted rath r for the purpo of 

pre enting a concise and readily comprehen ible tatement than a the 

logical equence of the proce e actually involved in the ore depo ition. 

MAN ER OF OCC RRENCE. 

Perhap the mo t ·ugge ·tive fact in th manner of o currence of th 

Leadvi lle ores is their predominance in the bed of the Lower arbonifer­
ou or Bl~1e Lime ton , and one i natura11y 1 d to , e k a <tu e for thi 

pr ference. I t being admitted that the ore were depo ited from aqueou 

solu tion , it i readily apparent that the mor olu ble lime tone bed would 

be more ea ily acted UI on by these oluti on than the other edimentary 

b d of the region, which consi t maiDly of and tone and argillaceou 

bale , and are much le su ceptible to the action of percolating water . 

Thi ', however, does not explain why t.he Blue Lime tone bould have been 

chosen rather than any of the other calcareou beds of the region. 

There was a theory at one time prevalent among mining men in the 

W e t that the great ilver deposits in lime ton 'lere peculiar to a definite 

geological horizon , a conception that perhap had it origin in the tendency 

of orne geologi ts to generalize from the coincidence that certain cla es 

of uepo its have been found in different parts of the world at the same 

geological horizon. Indeed, orne have gone . o far as to ba e their deter­

mination of the horizon of certain bed , when other evidence was wanting, 

on the o cmTence in them of this class of deposits. The great silver 

ueposits in lime tone of the we tern United States are, in point of fact, 

found throughout the whole range of the Paleozoic system, and the hori­

zon of no two <li t.ri cts have a yet been proved to be absolutely identical. 

A:s a case in point, the vast deposits in the Ten-Mile district, only 16 miles 

from Leadville, occur in the Upper Carboniferous Lime tone , and not in 
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the Blue or Lower Carboniferou Lime tone. It is true that the e depo its 

in the western United State are mainly confin ed to Paleozoi bed , but 

this is hardly to be wondert:d at when one consider that the other hori­

zons are alrno ·t entirely silicious or argillaceou and conta in as a rule a 

very limi ted development of limestone. It i evident that broad general­

ization on the basi of geoloO'ical horizon alone are not only unfounded 

but are mi leading, and that it i more logical to seek for an explanation 

in the local condition of each individual distri ct. 

'I'he cause that may hav influenced the concentration of ore in any 

parti cular bed of li mA tone may have been 1 h) ical or ch mical; that i , 

the structural or phy ical conditions of the region may have been such that 

the solu tions were natu rally directed to th<tt particular bed, or the ompo i­

tion of that bed may have been u ·It a to 1:ender it p culiarl u ceptible 

to th action of " ater reaching it from adj oin ing rocks or to cau e the 

precipitation of th mineral held in olnt.ion by tho e waters. 

'I'he pliy ical or tructural condition of thi region have been hown 

by g ological de -cription to be 1 eculiarly favorable to the concentration 

of percolating water in the Blue Lime tone. 'I'he great intrn ive heets 

of porphy ry are found to fo llow it mo t p r i tently, mainly along the 

upper ' urface, 1 s frequent! ' along it under urface, and also cutting 

tran ver ely aero it. 'I he ·e intru iv bodie are al o found at oth r hori­

zon , it i trn , but at non e ·o per istentl ' and so uniformly a ' at thi. Th us 

both a c nding and d e1 ding currents would readily reach the e bed , the 

latter trickling through the UJ1ifonnly p rmeable eruptive rock, the fo rmer 

fo llowing up the " all of the channel through which it was rupted Such 

water , after pa ing throuO'h a medium of difF r nt ompo iti on, would be 

ready for a ehemical interchanO'e with the lime tone, b ut in the a e of 

a ·c nding wat rs it does not ar p ar vident why thi in terchant;e hould 

haYe taken place along one wall of the channel r<tther than the other, whil e 

with de cending water this action would natura1ly comm nee on the upper 

snrfa e of the lime tone bed. 'I'hu the ph ical conditions affo rd a rea on 

for the predominant choi e of thi hori zon. 

As regard the chemical comp ition of the bed, the evidence i 1 
conclusive. Some author have been inclin c1 to regard dolomitic lime tone 
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as the peculiar habitat of lead and ih er deposit , from the fact that many 

·ilver-bearing lime tones have been found to be lolomiti c, making thu a 

generalization out of a oin cidence. But the vidence her fail to confirm 

.any such coin cidence. Not only ar the other lime ton e bed . of the r gion, 
whi ch do not carry metal in quantity, qually dolomitic, but in the adjoin­

in o· T en-Mile district_ the ore occur in non-dolomiti lime ton , and in 

the Robin on mine i confined to the upper part of a lim tone which i" 

almost chemically pure carbonate of li me, whil e it .doe not extend into th 

lower part of the horizon, which carrie nearly 7 per en t. of carbonate of 
magne 1a. 

A rea on whi h might h:we been off&red fo r the grea ter u ceptibility 

of dolomite to the lecompo ing a tion of percolating water , viz, the up­

po ition that the carbonate o£ lime in a dolomite i fir t attacked, and that 
thus a di integration of the rock i readily commen ed ha been di proved 

in the ca e of the rock of thi reg ion by the chemical experi m nt made, 

·whi h how that the water act irnultaneou ly upon both carbonate , or 

rather upo11 the double carbonate and not upon either of its omr onent part . 
A regard the minor difference in compo ition between the differen t 

dolomites of the region, the chemical inve ti o-ation which it ha been po -

ible to make furni. h little more than ~::ugge tions. The bed who e phy -
ical condition are mo t similar to tho e of the Blue Lime tone, and which 

are also mo t frequently found mineral-bearing after it, are those of the 
Silurian or White Lime tone. 

The fir. t t1iking·difference between the two is the darker color of the 

former, which i pre umably due to organic. matter and po ibly in part to 

ulphide of iron, a ugge. ted by Mr. Gu ard. Chemical analysis confirm. 

the indications given by outward appearance , howing an appreciable 
amount of organic matter in the Blue Limestone and none in the 'White. 

If the metals were brought in in the tate of sulphate ·, the oro-anic matter 

would promote their reduction to sulphide. On the other hand, the Robin-

on limestone, already cited, affords an in tance oppo ed to this view, for 
there it i th light-colored limestone which carri e the ore, while the darker 

lime tone, which it may be assumed has more o1·ganic matter, i quite barren . 
A second difference between the Blne and the ·white Limestone is that 

tllo former contains no ilica and the latter ovP.r 10 per cent. It may be 
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that owing to this differ nee in c.ompo ition the former i more oluble, 

but this could only be ati factorily determined by a practical experiment 

whi h ·hould b an·ied on for a ufficiently long time to imitate in ome 

degree the pro es e of nature. Before undertakin cr u h an in e tigation, 

which would requ ire several year:; for it proper onduct, it would be advis­

able to gather data from variou eli tri t to determine n h ther in point of 

fact t he ili ciou lime ton e or dolomites are in general 1 s frequently ore­

bearing than tho e of normal compo ition. 

From the above con. id ration it · em that in thi eli ·tri ct the main 

cau e of concentration of ore in th Blue Lim e tone ha been it phy ical 

or tructural condition , and tltat the influence of it. I ecul.iar compo ition 

ha · be n at be t of minor importance 

COJ\IPO ITION OF ORE . 

at the time the mat rials for the e in ve tigation were gathered 

nn dercrround xplora tion had not yet penetrated to lepths which were 

b 3 ond the oxidizino· influ nee of mface water , a crreat part of the ores and 

vein materi al oll ted were nece arily of secondary origin ; their compo-

iti on therefore aft rcL on! indir t vidence in regard to the composition 

and gen i of th original d l os its b) in licating the agencies and proce e 

b) w hi h th e alteration w re effected. 

Indep nd ently of thi eviden e, howev r, there exi t good a priori 

grounds for h a umption that the ori crinal depo. it were in the form of 

sulphide : fir t, in the fact that, in ore depo it in general, oxidized ores 

almo t nniver ally give place to ulpbide in depth and beyond the reach 

of urface water:;; and, e ond, in that in the <'tnalocrous deposits of the 

adjoining 'I'en- file li tri ct oxidized ores similar to tho e of Leadville are 

s n to re u]t dir ctly from the alteration of a mixture of galena, pyrite, 

and zinc blende. 
Carbonate ores.-I n the following table are given the anal} se · of three 

speci men.· of carbonate ore, elect d as being espe ially free from impuri­

ti es, together with that of an average taken from a thou and specimens of 

carbonate ore as it i delivered by the mines to the melters, and containing 

therefore a considerable admixture f what might be con idered gangne. 
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No. 1, from the Adelaide mine, is an extremely pure white and, made 
up of small cry tal of cerus ite, and in the rna s looking not unlik e a 
oarse white sandstone. The. e white sand are, a a rule, le rich in ilver 

than the discolore~ and relatively impure ones, but thi ha e ·ceptionally 
little silver. It does not occur in the Blue Limestone or in the immediate 

vicinity of it, but between the White and Gray Porphyries. 
No. 2, from the Little Chief mine, is a ri ch and-carbonat , di colored 

and appearing to contain more impurities than it really does. 
No. 3, from the Waterloo mine, is also a di colored carbonate, le s ri ch 

than the former, in which only the constituents of cerussite and pyromor­
phite were determined qualitatively. 

No. 4 is the analysis of a mixture of ores made by Ur. Th. Fluegger, 
chemist of the Harrison Heduction Works. I t was made f<?r the purpo e of 
showing the average proportion of the tBO t common element in the ore, 
and it may be assumed that neith r did the labonttory facilities at his 
command admit of, nor his purpo -e demand, an equal tandard of accuracy 

with the others in regard to the rarer elements and their combination 

Carbo-na.te ores. 

I. .Adelaide. I 2. Li ttle Chief. 

PbO .............. I 80.352 - ,· 75. 408 

1. 415 
I. 940 Fe.<h .. • • . . .. .. .. 0. 467 

3. Waterloo. 4. A \'Terage ore. 

-----------

···· .. 7~·-~- ~ - -- . .. 1 AhOs ..... . . ...... ! 0. 444 

F 0 ...... ~ ...... . 0. 299 ···· ·· ····· · ·· ·- ·· . ........ . .. ..... . • 

24. 77 
a. 99 

24.86 

0. 89 
MnO .. ... .. . .. .... 0. 137 

Mno-, ..................... .... .... .. 
CoO.. ...... ...... Trace 

I ~:g :::::::::::::· .... .. -~--~~; ---- .. 
I MgO ............. 0.0~ 

StO, .. .. .. .. .. .. .. 0. Go1 i 
'bt06 ...... .. ..... . .. .... .......... . 

0. 074 

1. 386 

Trace 

0. 095 
0. 335 

0. 056 

1. 972 

0. 121 

.. .... .... .. ...... 4.03 

1 ........ .. .. .... .. { ::~~ 0. 98 

:::::::::::: :::: ::, ...... -~~~-----
...... .. ........ .. 2.36 

............. ... .. . 3.04 

.. .. .... .. . .. .. ... , 22. 59 

... .. ........ . .... Sb= 0.02 
.da,o. .. ...... .. ... Trace Trace .. .. .. .. .. .. .. .. .. A a= 0. 01 
p,o, .. .. .. .. .. .. .. 1. 532 Trace 6. 480 .......... .. .. .. . . 

SOa .. .. .. .. • .. .. .. T race 0. 486 .. .. . .. .. .. . .. .. .. S = 0. 90 

co....... .. .. .. .. . H . 700 14. 251 10. 180 I 6. 58 

~.0· : :::::::: : ::: : ~:~:: ~:~: ....... ~--~~ ...... ! ~:~: 

I
!! :::::::::::::: ·1 __ ;_~~-~! __ ,_· _ ~~::: __ ~~--~7~'-- 1'~~:~-

Total . . . . . . . 99. Oi~ I 99. 744 95. 527 i 99. 95 
I 
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l n di cu ing the above analy. es the combination of diffi r nt 1 -
ments in the ores and the indications afforded.a to the tate in wbi b they 

exi ted prior to alteration will fir t be considered, next tlie po ibl proc­

e es, and finally the agencie , b) which thi alteration may ha' e been 
effected. 

· Gold exi ts in these ore onl in trace ; it ha n ver, o far a known 

formed any con iJerable ' alue in the lim.e tone ores, except in the Flor nee 
mine, where it bas been ob erved in the native tate. It i in thi form 

without doubt wherever it occur . It i generally uppo ed to be mo t 

commonly as ociated with pyrite in sulphuret depo it , and the a . ay. of 

the P yritiferous Porph ry given below (T able IV, Appendix B) onfi rm 

tbi hypothesis. They bow, howe' er, that it may be a . ociated with 
galena, and it is said that from the Printer Boy mine a. I ecimen of O"alena 

-.;ya obtained in which two cry tal of thi mineral were connected b) a 

thread of O"Old. 1o t of the mall amount of gold that is produced by 

L ad ill mme come from deposits in porph ry or andstone, " ·hich 

om time arry a little copper also. The greater part of the gold in 

Leadvill bullion come from ore hipped to the , melting work from 

depo it in the rchean rock of neighborin o· di trict . 
ilv r xi t. in the oxidized ores invariably in the form of chlorid , a 

far a can be judg d by actual ob ervation. With a trong len minute 

ry. ta 1, and flake. of chloride an be dete ted on the cry tal of ern ite, 

r coating cl avage urfac and crack in the variou ' ein mat rial e,·en 
in comparatively poor ore . 'I he above analy es confirm thi observation. 

Th fir t thr e how more than nough ehlorine for combination with the 

ilver they contain. In the mixture t•ll e amount of hlorine i 0.01 le than 

i::; requir d by th amount of silver· if it ould be assumed that the d -

termination of chlorine wa ab olutely ac u rate, a small portion of the 
ilv r might b a umed to be combined wi th the sulphur, antiwony, and 

ar nic. Since there is a rea onable doubt on thjs point, the weight of Yi-

1 nee is till in favor of it I robable combination with chlorine. 
The as ociation of mineral in the L eadville ore depo it g nerally 

fu rnish a priori gTonnd for the a umption that in the original d po it 

·ih· r wa in the form eith r of imple ulpbide or of ome of the antimo­
:roN .x:n--35 
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nial or ar enical sulphi les in which it commonly occur in natur 

r egard the probability of it having exi ted in the latt r ombinations, it 
1 igni:ficant that in the Adelaide ore, which contain · car 1 7 an r ih· r 

only a trace of ar ·enic and no antimony are found; wherea · both. re pre.­
ent and in appreciable quantitie in the ri her or , 2 an l 4. It will b 
seen later that the e nb tance a:·e g nerally dete ted in the Yein materials, 
and are found in con id rable quantitie in the melting product , an tim n -
being in relatiYely l:::.rger proportion than ar ·enic. It will al o be ·e n that 
all the vein material and the country rock adjoining the ore bodie contain 

a small bnt per i tent percentage of ·ilv r. 

L eacl occurs mainly a. carbonate, ometim a . ulphn.t , and quite 
often in the form of chloro-pho phate. In the Little hief ore a lit tl 
ulphate till exi t , but no appreciable amount of pyromorphite. In the 

Adelaide ore, on the other hand, only a trace of ·uJphat i found, but n, 

notable proportion of pyromorphite, while in the W aterloo ore thi min ral 
amounts to 32.07 per cent., a · again t 61.7 per cent. of c ru ite. naly i: 
4 bows no pyromorphite, but the evidence of many te t of ore and ,·ein 

materiah be ide tho ·e given above and the compo ition of melting prod­
uct·, all :how that this mineral i · very common and widespread throughout 
the region. The amount of carbonic acid given in Analy is 4 i notabl 
in uffi ient for the lime, magne ·ia, and oxide of lead. If it i ·as ·um c1 
that the ulphur i all combined with the latter, the mixture contain only 
on part of angle ·ite to three I arts of cern site. Even thi i ·, however~ 

oppo eel to the evidence of ob ervation, for angle ite can hut rarely be . e n 
in th ores, vvhereas cern. ite is mo t common. 

TLat the lead originally occurred in the form of galena is shown by 
the frequent occmrence of the unaltered mineral in the center of rna e: of 
carbon;tte. A chemical test of one 0f these galena nodules showed that 
betw en it and the arbonate wa an extremely thin cru t, made up mo ·tly 
of ulphate. It i. , therefore, probable thq,t in the alteration it pa ·eel first 
into ulphate and then into carbonate, although the intermediate product is 

not alway di tingui hable. 
In the Iron mine a con iderable amount of native sulphur, as ·ociated 

with cent site, was found a · an alteration product of galena. 
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Iron and mangan e might be more pro1 erl con id red gangue mate­
rial . They are main! in the form of hydrated e ·quioxide and protoxid , 
re pectively. A little protoxide of the former and peroxid of the latt r or 

was found. The former may be combined as ba ic u1phate, which, a "'ill 

be een later, ometim e form con iderable bodies. The latter i probably 
anhydrou , a pyrolu ite i frequently di tingui hable in actual cry tal and 

ometime form con id rabl ore mas e . ~.lthough no actual pyrite was 
ob erved in the L eachille d po it , there i little doubt that iron xi t d in 
thi form in the original depo it. \\ ith reo·m·d to the ori o·inal form f 

mangane e there i more uncertainty, a · th ulphide of thi , metal are 
relatively rare. It ometime occur ' a carbonate in a o iati n wi th ul­

phide of other metal , losing it carb ni a id wh n th y ar oxidiz l. 
It i common. an a ociate of iron in oxidize l or and o eldom noti d 

in unaltered ulpbide that it might be thought to hav been in part brought 
in a xid durin()' econdary alt ration. It i po ible that ·orne of the 

iron in the re rna be ombined with ilica a ilicate and with ar eni a 

axseniate. The ' wer not ab olutely proved to exi t, a it was not con-

id r d of uffirient importan to give the time nece ary for the te ts. 

Zinc occur in th abov ore in very mall proportion, and probabiy 
in the form of ilicate (calamine) ince this i the only mineral of zinc that 

ha been observ d in the Leadville depo it . It i- rarely vi ible, and gen­
erally form fine, n eclle-m.:e, ilky wh ite cry tal , lining dru y ·cavitie and 

era k or joint in the vein material · and lim e ' tone. There i li ttle doubt 

that it originally oc UtT d a zinc blend , and, from analogy with the Ten­

Mil depo it , it may be pre umed that it forme t a much larger proportion 
of the dep sit in it original form than it does now. The much gr ater 

. lnbili ty f it ulphate than that of the other metals would account for 

it more thorough removal by urface water . 
f oth r metal cobalt i th only one not already mentione l that 

i det ted by the above analy i . In addition to thi , copper, bi muth, 
molvbdennrn, and vanadium have· been locally ob erved in mineral combi­

nation, and lUr. Guya.rd claim to hav det ted nickel, tin, indium, ele­

ninm tellurium, and cadmium in the furna e product . 
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'The earthy bases, alumina, lim e, and magne ia, preserve a c rtain pro­

vortion between each other in the three analyses. Thi ac ords with the 
.assumption that the depo it are a replacement of lime ton , and the fact 
that the apparently pure cerussite from the porphyry in the Adelaide ground 
contains as much ma.gne ia and lime as the Li ttle Chief ore i in o far a 
confirmation of the a. snmption on structural ground ( ee p. 407) that the 

ore bodies in the former mine are the repl acement of fragment of Blue 
Lime tone caught up by the porphyry intrusion. 

Silica is in relatively higher proportion in the mixture ( 4) a compared 
with the earthy bases, ·but preserves a comparatively even r lation to iro~ 
oxide, which would be expected from their a ociation in the or in general. 
It is a question whether the silica is in part in actual ombination with iron 

or whether it all exi ts as free silica. Mr. Guyard ugo-est. that ome of 
the lead may exi t as ilicate, but this al ·o i not definitel~ 1roved. 

Chloride ores.- _ In the following table is given the proportional amount 

of chlorine, bromine, and iodine, re pectively, in th ree typical chloride ore 
relatively free from other mineral , te ted for the purpo ·e of determining 

whether sufficiently definite quantitative relation exi t between the e ub­
stances to ju tify the recognition of more than one mineral . pecie . I and 
II were obtained from the pale-green mineral, and III from a colorless 
pe01men. 

Chlorine, bromine, a11d iodine. 

Mine. Cl. Br. I . Total. 

I . Robert E . L e ... .. . 13. 78 85. 6R 0. 59 100.000 

II. Amie ... . .. . .. ... ... 9. 80 89. 99 0. 21 100. 000 

Ill. Big PittAbnrgh .. .. . 99. 925 o. 075 I 100. 000 
I I 

The re ults are omewbat negative, and, so far as they go, lead to the 
conclusion that the chloride ores are merely mixture ' 1 in varying propor­

tion. , of chloride, bromide, and iodide of silver. 'I'he green chloride·, 
which are of very common occurrence, are generally called embolite and 
thi application of the term i justifiable if this mineral is considered simply 
a~ indefinite mixture. In the ana1y es of embolite given in Dana's Miner-
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alogy the relations of b1:oruine to chlorine vary from 1:0.33 to 1:5.67, 
but no iodine is given. In I and II, given abov , the relation are 1:0.16 

·and 1:0.11, and all three contain a small amount of iodine. 
According to Moesta/ in the mine of Chanarcillo, Chili, there i a 

regular gradation in these ompound a cording to depth, the pure chi rides 
being found in the upper levels down to a depth of 20 meter ; below th e 
come mixture , containing proportion of bromide increa ing with the d 1 th; 
till lower iodide of il ver i added to the mixture, and pure iodide of il v r 

occurs at ixty to eventy meter in depth, directly over the depo its of 
galena and pyrite, in which the firs t ulphid of ilver are found. It ha 
not been pos ible to detect any regularity whatever in the di tribution of 
these compound in the Leadville depo it . The colorle s and green ·hlo­
ride are the prevailing varietie , but minute yellow cr tal of iodide of 
ilver have been ob ·erv d in the deposit of the Chry olite mine. 

In hafia r illo among econdary depo it about half the silver occur . 
in the native tate, an l of the ther half the far greater proportion occur a 
chloride or hloro-bromide, iodide being rare and the proportion of iodine 
in the mixture being very mall. Thu , a cording to Moesta, from who e 
work all th ·e tatement are taken the r lativ proportion of chlorine, bro­
mine and iodine are e ..,entially the same in which they exist in ea-water. I 
ma be added that the same relations exi t in mface waters, and in rock 
whenever the e :ub tance have been dete ted in them. Moe ta theory 
with r gard to the chlori l , & ., of hanarcillo, that they were formed by 
th a tion of ea-water ( ince there i evid nee that the region ba been 
cov red by the ocean within comparatively recent time ), would not apply 
to th Leadville depo its, for the reason that they have not been submerged 
m e the ur heaval and ro ion that brought them within the reach of ur­

fa water. 
Basic ferric sulphates.-In the following· table are given the analy of 

three pecimen , ontributed by Mr. L . D. Rickett , from material ob erv d 
by him to frequently con titute a per i tent bed under the rich ore bodies, 

e pecially on Carbonate Hill. This material i · of ocherou -yellow color, 

I 'lllor-, Brnm- uud Jodv rbiuduugeu des Silber 
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somewhat like a dry clay, and a ily r ogniz d? - it xternal ap1 aran 

though, a will be en, of Yery variable ompo ition : 

Ra io ulpllale . 

Mine. SiO, IFe.Os AJ,o., CaO :UgO KtO NouO rr...o PbO I Bi.~A s.o. p,o. o. l ~ I A)! Au 1.' tnls. 

-; M;i~n.of !' Non i46. 70 No: I 0. 06 0. Ol> ; 5. aa 1. 68 10.54 4. 27 II~ : o. 46 ;I~ 30~ 0. oy. 004 T m (: 9;-:--, 

n. ~~ rning 0. 30 (2. 9 0. 20 0. 64 1Non I 6. 31 0. 83 10. 12 . 27 None 0. 42 1. 5 27. 0. 2610.0036 ·on 199. 7236 , 

III. L !t:~ r 1 
o. 36 44. 40 I o. 23 ·one ·one I 0. 15 0. 37 . 99 ,19. M None I 0. 39 

1
0. 11 !25. 07

1
0. 0410.075 ·one 99. I 

:at>r- I ! I I I 
The e substances are omewhat comple · ulphat and mio·ht 

be considered to be a mixture of jaro it wi.tb varyin f ba i 
ferric nlphate. They are evidentl r an alt ration pr du t of I 
galena, although, whil nodule of galena ri ·h in ' ih· r ar o 
found in them, pyrite has not yet b en det t d. rrbe al en of zin. ill 
the pecimen anal rzed i noteworth;-, and i · in ac rdanc \Yi th th ob r­

' ation already made, that it ha · ·been further r mo,·ed hom th ri o·inal 
ore bodie than th ther metal pre umabl T on account f th r ad · 

olubiJity of it 'Ulpbate. rrhe per i tent per enta.a of th alkalie , whi ch 

were found in en ibl the arne proportion in thr e other pecim n ' te t d. 
would ugge~ t that the water which produced tbi alteration rea h d th 
ore bodie after pa ing through decompo ed porphyr -. Tb ir chi f in­

ter t lie in the definite eYidence th y afford that th y r ult from the 

oxidation of ulphide. . imilar produ t hav frequ ntl r be n ob · rved in 
old mine openings where large bodie of pyrite have b n 1 ng 1 ached by 

surface water . oppera fir t formed gradually lo e a portion of it 

water on exposure to the air, and the protoxid Of iron become e ·qui xid . 
Further expo ure lead to the formation of limonit . 

Processes of alteration.- Assuming that th metal in the original depo it 

exi ted in the form of sulphide , it come· n xt in order to on ider the 

po ible proce es by which the combination noted above· may have been 

deri' ed fi·om them. 
By oxidation all the metallic sulphide may be tran formed into sul­

phate ·, 1 and the relative solubility of the latter i ·in inver e proportion to the 
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di tance to which, at Leadville, the metal · app ar to have been remo,·ed 

during secondary alteration from the original locu of deposition. 

According to J. Roth, 1 of such sulphates 100 part of water di oh·e, 
re pectively: 

At n o ., 0.0043 3 part. } nlpbate of lead. 
At 130 ., 0.003155 part· 
At 12° ., 21.300 parts ulpbate of iron. 
At 410 ' . 41.300 part nlphate of zinc. 

The ulphate of ·ilver i I oluble than either that of iron or of zinc, 

but probably more o than the ulphate of I ad : and at 100° . it i aid to 

be oluble in part of water. 

ulphide of ilver may be r duced to natiHl .,ilver by the action of 

wat r at 100° C. durin ()' which, a cording to Moe ta, the wat r it lf is 

d corupo ed and 803 and H are formed. Native sih·er i lmvly co1w erted 
into chloride in water containin D' alkaline hlo6de .2 

ulphide of ilver i converted directly into chl ride of ih er at ordi­
n, r ' t mp rature wh n ··I d t th action of ulpbat of qui xid f 
1r n hlor id of odium and wat r. 2 Tb pre n e f air i not ne e , ary 

~ r thi r a ·ti n, but if the ulphat of protoxide of iron i ub ·tituteu for 

th ba i , ulphat ·hlorid f ilver i not produ d without th pr ence of 
air. Thi in l1 at that a alt of qnioxide of ir n mn t b £ rmed be£ re 

th ulphide f ~ ilv r i d compo ' d. 

1 ta' 3 xperim nt . hmv that thi r action may take plHce with a 

ri ne. 

a 1 alone at 100° ., and ev n at 20° . but that it i qnick­

n e of hlorid of ma()'n inm, and till i:nore by pow­

that th ombination with iodine i more rapid than with 

ulphat f 1 ad i tran form d at the ordinar r temp rature into car­

b nnt by olution of fix d alkalin carbonate , and al o. by tho e con­

tainiJw bi arbonate f lime and atmo ph ric air. arbonate of lead ( ern -

it ) i olubl in 7 144 part of ""ater aturated "ith arbonic acid.4 In 
c m e1· ion 100 part b w ight of ulr hide of l ad b ome L6.7 of ul­

phate, and thi in turn 111.71 part of arbonate of lead. 5 The increa e 
1 Allgemein Goolo«i , p. 59. B rlio 1 i9. 
~ p rcy's Metallurgy of ilv r nud Gold, Part I. Loudon. 1 0. 
, hlor-, Brom- und J od berbinduu g n d · ilber iLl derNntur, p. 40. Dr. F r. A. Ioestn. Mar­

burg, 1 tO. 
•Porc~·'s ~Jetallnrgy of L all, p. 40. L ndou, 1 iO. 6 J. Roth, op. c1t. , 1)· 243. 
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in volume from ulphide to carbonate is 2 .13 per ent. ncb han cr of 

weight and volume might account for the pr ailing andy ondition of the 

carbonate ores. It may be a. ume 1 that th y were on e cornparativ· l li l 

masse of galena, and during th e tran formation oc upi d fir t a lara r , 

then a mailer pace, thu leavin o· inter tice between the minut ry tal 

of ceru ite of which the sand carbonate con i t . In th pre n of ph -

phoric acid and alkaline chlorid , ulphate of lead may be tran t rm d into 

pyromorph~te. Sulphate of zinc is readily transformed into carb nat an], 

as a further stage of alteration, finally b c9m s a ili at . 

Sulphate of protoxide of iron rna become carbonate in the pr . en e 

of earthy carbonate·. Carbonate of protoxide by oxidation and h drati n 

become hydrated e quioxide or limonit , whi h on 1 · of it 'iYater 

become hematite; the latter in ontact with organic matter may b r du e l 

to ·the protoxide or magnetite. 

The sulphate of the pr toxide may by oxidation hange directl. · t 

ulpbate of e quioxid or ba ic ferric ulpbate, whi h m turn b om 

limonite and hematite. 

'J'he fact that carbonate of iron is rarely found m the Leadvill 

depo it woul] uo·ge t that their limonite might have been formed in the 

latter ''ay, and that the ba ic £ rric ulphate , of which analy ar criv n 

auov ' may have been fo rmed directly from the ulphide. 
Agents of alteration.- rhe alteration having taken place through the 

agency of water coming from the urface, it remain · to con i 1 r whence 

they may have derived the ub tance which would have fa ilitated the 

alteration of the ul phi de. Smface water in general are aid to any a 

certa.in amount of atmo pheric oxygen, of organic matter, of hloride of 

odium, and of pho phoric acid. n analy i of urface water at Leadville, 

tak n from the re ervoir in Big Evan gulch, was found by Mr. Hillebrand 

to contain, in a million part , K 20 ==1. 12, Na20 ==1. 92, S03 == 7.20, and 
01 ==1.14.1 

Of the rock through which they may have pa . ed, out of eight emp­

tive rock analyzed, .- ix were found to contain pho phoric acid and five 

1 Th Delaware River at Trenton contains 1.20 and two- glacier streams in tho high .A.lps nu 
a-verage of OA Cl in 1,000,000 parts. 
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analyzed. 
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Trace of pho pboric acid were found in both of the limestones 

In the Lingula shales, which directly overlie the Blue Lime-

tone, 5.14 per cent. pho phoric acid was found in the portion containing 

ca t of Lingula and 0.35 per cent. in that free from the e cast . Chlorine 

was found in each of the sixteen pecimen of dolomitic lime tone', from 

different horizon and localitie , that were te ted for that u bstance. Bro­

min and trace of iodine have al o been detected, but they exi t here, a 

in ea-water, in far maller proportion than chlorine Organic matter is 

found abundantly in mo t of the rocks of the Carb oniferou formation . 

The pecimen of Blue Lime tone analyzed gave only 0.03 per cent. but 

in th overlying Weber Grits not only are there frequent bed of carbona­

c ou hale pa. ing at time into actual coal, but the and tones ometimes 
contain a high a 4 per cent. of carbonaceous matter. 

Relative richness of galena and cerussite.- The great r richne in il ver of 

a] na r ru it in thi regi n i v ry noteworthy. >fr. L. D. Rick­

tt. 1 who mad a d tailed tud of the ore of arbonate Hill tates that 

ru ite in that lo ality i less than 40 ounce of ilver 
to th na av rao· 14 oun of ilver to the ton. He al o 

O'al na nodul , and of the carbonate ern t on 

how d that in proportion to th amount of lead pre ent there wa . ix 

tim a mu h il v r in th alem1. a in the ceru ite. T abl e .i. IV, App n­

dix whi h giv th of variou pecimen of ore , vein material , 

an l adj ininO' ountr r ck · olle ted during the inve tigation bows a 
imilar relati n in th ilv r coot nt f gal na. (No. 15) and of it ceru ite 

ru. t ( . 1 ), 42 oun and 2 .6 ounce , which are in even greater con­

tra t than in the a e ited above. 
The fact tha ilv r i found di eminated throuO'hout the vein mate­

rial an l adjoinino· ountr ·ock , even where littl or no lead i found, 
how that dnrinO" condar alt ration ilver ha been further remove l fr m 

it, original locu and more widely eli seminated than lead. In fa t it may 

be a umed that the outlin of the pre eut bodie of lead ore vary but 

littl froru tho e of the original depo it , but it would hardly be a£ to 
male It i apparent tha this 
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relative di tribution of the two metal wa brought about by surfa wat r , 
nnd i ther fore dependent on the relative olubility of tb ombination f 
the re pective metals formed during alteration. 

Silver ulphate is probably more oluble than either th ulphat r th 
carbonate of lead but as it i not known to occur a a mineral, i ann t 

be as umed that ilver nece aril pa ed through ulphate during it han a 

from ul phi de to chloride. 
The chloride of ilver i said to be in oluble in pure wat rat rdinar " 

temperature , but VogeP and Hahn2 have bown it to be olubl to a r­
tain extent in the alkaline chloride . Ac ording to ta /it i , in a m a, nr , 

soluble in pure cold water, it solubility varying a cordin to it· ph 7 ·i nl 
condition and the temperature. It olubility i greate t wh n in th flak , 

state, a precipitated in the cold from a uffici ntly dilute oluti n of ilver 
and din1ini he a the flake hrink. It is pr cipitated from the Inti n b , 
the addition of an alkaline chlorid . till furth r evid n of it olubility 
i afforded by the occurrence of the mineral H uantajay it di vered 1 y Rai­
mondi in Peru ~ whi b con i t of 11 per ent. Ag l and per nt. 

N a ~ 1 : According to Sandberg r tbi i. readily olu ble in a littl wat r1 but 
an exce of water produce a precipitation of the chloride of ilver. It rna 
t.herefore be a umed that chloride of ilver is oluble in m-face w. ter 

under certain condition , but i. very readily precipitated from it olution. 
Although the statement given above a to the relative olubilitie of I ad 

and ilver alt are not o definite a mi ht be wi bed, the fact of the r Ia­

tively greater ricbne of galena o'er ceru ite in the e depo it seem ow 11 
e tabli bed a to ju tify inver e rea oning, namely, the deduction of an 

argument in favor of the greater in olubility of the lead alt . It might b 

a sumed from Sta ' experiment that fre hly-formed chloride of ilv r 

(flak; ) would be more oluble than carbonate of lead but that after the 

lap ·e of ufficient time the latter might become more oluble than the hlo­

ride of ilver, e pecially in water charged with carbonic acid. 
Outcrop deposits richer than those in depth.-There is a fair foundation for the 

generalization that in the deposits, as developed at the time of this inve ti­
gation, the ore were growing poorer in silver a exploration extended far-

3 Compt.-reud. , 1870-'i3, p. 99 . 
• Keues Jahrl>. f. Miueralogie, 1 i4 , p. li4. 
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th r from the urface. In the ca e of the -Iron mine the tatement to thi 
effect by tho e in charge of the miue wa supported by a tual figw·es; in 
other ca~e it wa an opinion founded on general observation whi h wa 
till worth · of credence. Whether it will continue when the unoxidized 

depo it are reached remain to be proYed. 

r ady explanation for thi condition of things may al o be found in 
th relative olubilit of the product of alt ration and in the fact that the 
depo it near the pre ent urface may be con idered to be imply the relic 
of larO'eJ: depo it , gradually removed by ero ion as the alteration by ur­
face water went on. The original depo it ma) be a umed to han~ been 

a mixture of galena, pyrite, and bien de in proportions which while u bject 
to a \Vide local variation, would b ar a certain average relation throughout 
th region. Given a ton of thi mixture, by the alteration which have be n 
above noted it. woull probably decrea in weight, though it volume miD'ht 
r main en-ibl) the ·arne· zinc and iron would be removed a oluble ul­
phat th £ rm r in D'r at. r part tb latter in 'ery appreciable amount, 
and. th ir v lume would b replaced in part by the increa e in volume of 
th l ad dnrinD' it tran f rmati n into carbonate, in part al o b ili a and 
arthy ba br UD'ht in mechani ally by th water . lth ugh il er alt 

haY b n a um d aboY to b in thi a e more oluble than tho of 
I ad th y are mu h l o than th e of ir n and zinc and a relatiYely 
mall pr I rti n of th ih·er ''"ould have been remoYed fr m the giYen 

t n of r . Th [a ur ied by thi - ton of ore would, th r fore, 
b upi d b ' oxidized material weighing much le than the original 
t n bnt whi h w uld ntain, in pr portion t that w ight, rnor lead and 
j]y rand l zin and iron. In ac ordance with thi xplanation, the pro-

p rti n f 1 ad to th ton of or houlcl aJ o de01·ea e in d "pth as a general 

a' rag of th di trict. 
Again, a b · gradual ro ion th deposit - a ·, for in tance, tho -e in 

the ea terly-dippino· bed of arbonate and Iron Hill -approached the ur-

fa a tual urfa ce "ater running down along the dip would meet bodi 
CO Jl1 I o d ma.'inl r of carbonate of l ad and chloride of ·ilver. If carbonate 
of l a,d i .. oluble in water containing fr carbonic acid t)1e portion thu 

di lv d would b an·ied awa~- ntirely, for in their continued pa sage 

throno·h lim tone it may b a · um d that th water would pre r e their 
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excess of carbonic acid. The chloride of silver, on th other hand, might 
be a umed to have become in oluble in the long tim that bad elap d 
ince it wa formed; or, if any were taken up, it would probably be tbr wn 

down again in a short di tance b a light change in the chara ter of the 
de cending olutions. Thus a gradual increa e in the prop rtion of ilv r 
over lead would be taking place in the zone wbi h wa being brou ·ht by 
the ero ion of overlying rock nearer and nearer to the mface.1 

COMPO ITIO OF VEl MATERIAL . 

In the remaining vein materials, which con titute the relative! value­
less portion of the depo · its, iron and mangane e, gen rally in the £ rm 
of hydrated oxide , ·are the mo t prevalent rn tal . arbonate f iron i 
very rarely found , and pyrite never a monO' th oxidized or 'I h om­
parative absence of zinc has alreFtdy been remark d, y t thi m tal i quite 
uniformly detected in the product of m ltin ·. 

1 l o a paper read at the Chattanooga meeting of the American In titut of ~lining Engineer in 
May, 1 , . , by Mr. F. T. Freeland, nperintendent of th Iron ih r Mining Corupau~- , th following 
analy e are given of ulphide ore froru the Minn ie mine, i tnated on the onthea t lope of Iron Hill, 
adjoining the Colonel ellers, made by William R. Bo"gs, jr. They are intere tiog as bowing the r 1-
atiYe distribution of silver in the different component of the nnoxiclized ore: 

I. n . m. IV. 

Galena. Blend e. Pyrite. Mixture. 

---------
Pb ..... . .. ...... . ... 72.65 6. 71 2. 21 50. 6 

Zn ...... .... ........ 5. 66 55.08 14.24 12. 6 

Fe ...... .. .. .. . .... . 1. 60 4. 00 35.40 9. 30 

s ................... 15.66 32.44 4(. 76 24. 50 

Ag (onncea) .. .... .. (41. 5) (94. 5) (4. 5) (1 1. 5) 

Ag (per cent) .. ..... 0.14 0.324 0. 014 0. 039 

Au ................ . Trace Trace Trace 
Residue .......... .. 4. 12 0.92 2. 70 1. 

Total ......... . 99.83 1 99. 474 99.824 99.439 

His mixture, calculated from the relative amounts of P b, Zn, and Fe, in column IV, would con­
sist of a littte less than three parts of galena to one each of pyrite and blende. The tenor of silver 
given for this mixture i , however, only a little over a qua1·ter of what would result from a mixture jn 

the e proportions of taese three minerals, each having the tenor in silver given in its separate column. 
It seem doubtful, therefore, if these separate values can be tl\ken as a fair representation of the aver­
age tenor of the rli:ffereut nlphides in the ore. That given for zinc l>lende is evidently abnormally high, 
as may be seen on comparison with the pyrite column. This pyrite contains au adunxture of about 
one-fifth of i ts weight in zinc bleode, and if thi zinc blenderan a high in silver as that given in column 
II, this fifth alone woulrl yield nearly 20 ounce of ilver, whereas the whole ma sis said to contain only 
4i ounces. The silver tenor of the galena, on the other band, represents a fair average of the galeuas 
found in the older mines, though these, as is shown by the assays in Appendix B, vary very much and 
may contain over ten times a much silver as this. 



OOlUPOSITION OF VEIN MATERIALS. 

onl acce ory con tituent in either ore or vein material. The compo i­
tion of . orne of the typical form of ' ein material, taken from T able X, 

Appendix B, is given below. 
Vein nwterials. 

Name. Locality. lln olnble. Fe~. Fe.O.I MnO• ZnO i CaO I MgO I COo . ~~ I Ag Au il Total. 
I ~ I I lgnmon. I 

l....,...-·l----1------------ - - 1- - ----- ---
:~::. e r I 80.00 . .. .. . 13. 91 I 0. 10 . .. . . "!" .. ... . .. .. . . . . . . . . .. . 5. 978 

1
o. 012 Trace\ 100. 00 

Chr!solito I 8. 20 . ..... 54.14 122.36 2. 56 !. ..... . ... . . .... .. . .. . 12.709 0. 031 X one. 100.00 

m~ I 
K enosha 21. 10 . .. .. . 7. 70 65.9 1. 00 · . .. .. . . .. .. . .. . .. .. .. 4. 22 0. 012 None. 100.00 

min!'. 

4 Pyrit e nn-1 f 7.36 
cleus. 

5 Dark interme· JNo Name < 16. 36 
diate zone. gulch. 11 

6 Light outer t' 54.2 
zone. 

711 Al~eredlligbt lGardon 
hme· City 
stou mlno. 

8 dark 
9 bert nodul . El Paso 

mine. 

l 
~10. OS 

~0.02 

"96. a 

10 hort uuder Lilli Pitt · "97. 9 
oro bod,,·. burgh 

1uiu . 

53.61 34..44 1 ..... . 1 ... ..... .. .. TrnJ ...... .... ... ....... ! .... .... ... .1. ..... .. 
...... 73.42 1 ..... ,! ........... 0. 09 j •Trace 10. 13 .... ..!. ... .. ! ..... .. 

I 
...... 39. 84 .. .. .. .. .. .. .. . .. . 0. 06 •Trace 5. 82 ... .... .. ... . ..... .. 

...... .. .. .. .. _____ ... , .. _ .. I .. .. ___ . ___ . _. ____ .. 
1 

...... 100.72 

.. .. .. o. 97 ~.56 ...... 24. 15 16. 71 37. 37 I.......... .. . .. . . .. .. . 100. 7 

I 8.06 per cent. solo ble in solution of potassium hydrate, remainder chiefly 
Fe.O• nnd AuO •. 

11 Granular 
I quartz n n. 

d ' ore bouy. 
12 Porphyry 

h r o oia , 
with or e· 

I ment. 

~ I. 29 3.93 per ut. soluule in olution of potas ium hydrate, remainder chiefly 
Pb, co., nud Fo.O •. 

~ 4. 2 ement chiefly pyromorphite, with someceru sit and galena and a little calcite. 

tarmiue. 

• iO• 

N . 1 i a aY rnon r d rock, with 1igbt1 gr as lu ter, whi ch, though 

ntain ing nl a tra e of lead carbonat and too li ttl ih er to pay for 
w rking, i t cla d a •· hard arbonat " from it outward appearanc , 
thi miner' term b ing quite la tic in i t ~ application. It i mainly silica, 

combined 1 rbap in part with oxide of iron. Rock from tbi same min , 

of quit. imilar a1 r arance, but "i th a fe ,T deli ate cry ·tal of ern it 

and horn ·ih·er lining the avitie , con titut a " r ri ch ore. 
o. 2 i a dark- ol red iron or , intermediat b twe n the black 

1r n and th ja pery iron of the Fr ' r Hill min e I t contain a rath r 
unu ual I rcentage of zin and it ' ·i]i ca ont nt are mu h lower than 
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it outward appearanee wou ld indicate. Both contain n little antim n -

and the former a little PbO, which w re not d t rmin cl quantitatiY 1 . 

Both contain aJ o a mall percenhwe of ilver, but not n U O' h t on titute 

pay ore. 
No. 3, thouo·h cia eel a an iron or by th miner, i mor properly an 

ore of manga.n e. 

o . 4, 5 and (i are g iven to illn trate the di:ffi r ent tage in th alt r­

ation of pyrite, which would lead to the above vein materi al . The p ci­

men wa obtained at orne eli tance from L adville, it not being p ibl to 

find any pyri te in the min es them elve · it occur , how v r, at th Blue . . 
Lime tone hori zon and in analogon condition. to the L eadv ill re , x 'Ppt 

that no rich ilver-lead ores had et be n £ un l at th lo ality. X o. -b i 

the comparatiYely unalter c1 p_Tite nucleu ; No.-, the inn r zone falter­

ation; and No. 6, the lighter-colored outer zon . Onl trac f u I ph uric 

acid are found in either. The per entage of metallic iron ha · lightl iu­

crea. eel from No. 4 to ~ o . - ,as ha that of in olnble matter; ·ulr bur alone 

has, therefore, been removed, probably a ulphate of lime. From No. 5 

to :No. 6 iron has di appeared rapidly and been replaced by in oluble mate­

rial; it has pre umably been carried away largely a h -drated oxid , whi h 

i probably commencing to replace the carbonate of lime and ruagne ia in 

the adjoining rock. 1,he rapid in crea. e in insoluble matter co uld not, it 

would seem, be entirely original matter, but must in part have been brought 

in by the decompo ing waters. The ondition here may be contra ted 

with those whi ch probably existed where the basic ferric sulphate abov 

described were formed. In the latter ca e the decompo ition probably took 

place wi thin the ma of a large body of metallic Lllphides ; here it wa a 

. mall amount of ulphide in direct contact with the country rock, and free 

oxygen would have been pre ·ent in relatively greater pro1 ortion, o that 

the sulphide would have been more readily decomr osed by the oxidation of 

th e iron. 

os. 7 and repre. ent the early 'action of waters coming from such a 

d compo ition upon the country rock, in thi. ca ·e a fragment of Blue Lime­

stone found on the outh slope of Iron Hill, neRr the fault. .1: o. 7 is the 

lighter portion, No. 8 the darker, in which the replacement has apparently 
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proceeded much farther. In the latter the oxide of iron and mangan se 

ha,· increa ed only lig-htly in amount, and he decrease in arbonat 

mainly ·uppli ed by tb in rea e in ilica, an increa e which, a in th 

£ rmer ca e mu t be mainly account d fo r a coming from an xtran ou 

our e; it '"'a probabl taken np by the water in their pa age throao·h 

the I orphyry. 

"N o . 9, 10, and 11 represent the roo t ili cious form. of vein material, 

compa.ratiYely fre from ba es. Jo . 9 ancllO are the bla k chert o com­

mon in the r bo li e , an l 11 th g ranular quartz which frequently re­

place it, peciall on Carbonate Hill. In ea h the ili a till partly 

oluble in a moderat 1 · trong olution of pota h. B ·ide ilica the "·o 
t rm r ontain iron and alumina and I robably a little organic oloring 

matt r. Th e h rt ar thor twhly compact and generally form barren 

tr a k r flo r in th re bodi m tim how v r chloride of ih·er 

i f und c atino- th it~ lea ao-e urfa The granular quartz, on the oth r 

quartzit . 

h i '" r • porou , frequ ntl contain cr · talline c ru. ite partly 

minute aviti and th n con titute an ore, though, as in the 

it i liabl to b mi tal n in the hand pecimen for a white 

N . 12 i the br ia of White Porphyry in th ·mall ore-bodv whi h 

wa f un l ab '" th Blue Lim ·ton horiz n, ju t we t f th small dike 

in tb Ev ning tar o-round. The p r entage of ·ili a i abo the normal, 

h win o- that th re-b arino· wat r haY r moved a portion of the ba 

In th m nting mat rial o-al na i alter d partlT t pyr morphite, partly 

to ru it and th cal ite rna. incli at that the ore-bearing solution 

reach l her aft r pa ing- alon th lime tone c nta t r may imply re ult 

fr rn the d compo ition f the p rphyry. 
"fh a a s of vein material and lime tone in Tabl XI\ , Appendix B, 

·h w that all th n te t d carry il ver iu ap1 r iable amount , though 

in the ca which were gath re l in the ariou mine , and in 

that of the r ce Iron r the t nor in sih r i much le than i generally 

cr dited to tho u ed a flux by the m lter . Th y are ·u ·h amount a 

might be xr e ted to have been carried into them by the urface waters 

after leavino· the ore bodies. 
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Kaolin and Chinese talc.-The e name are gi' en in the mine to rtain 

sub tance , evidently alteration product of porph ry, o currin D' with gr at 

per. i ·tency along the contact of lime tone and porph ry , wber the_ s m -
time form the only vein material, and al o within the or bodie , orne­

time at quite a distance from the contact. In th latt rca e th y probabl 

result in most ca e from mall offshoot of the porphyry, u h a ba, e been 
mentioned as occurring in the Little Pitt burgh mine, and, a are hown 
in Fig. 1, Plate XXII, penetrating the a yet unalter d lime ton e. The 
characteristic Chine e talc i compact, with conchoidal fracture, somen·hat 

translucent, with a ort of opale cent lu ter, and i ea ily ut by the fing r­

nail n hen fresh, but become opaque and harden on expo ure to the air. 

w ·hite when pure it is generall - more or le di olor d and veined b 
oxi le of iron and maogan e. The min r often arve it into 1 ipe and 
fi gur . The o-call ed kaolin i white, opaque, and generall pla ti , but 
al o harden on expo ure. No true kaolin wa found among the pecimen 
coll cted. In the following table, I and II would· be con id r d kaolin , 

and III, IV, and V, Chine e talc . VI, II, and III are pecimen fr m 
the Lower Waterloo mine, contributed by Mr. L. D. Rickett ; in pite of 
their different compo ition, they are not to be distinD'ui hed in the hand 

specimen from the Chine e talc . 

Kanlin and Chi11ese talc. 

I 
Mine. I 8i0. :ahOs Fe.Oa FeO ZnO CaO hlgO x.,o xa,o n.o I Os I p,o. 1Totalo. 

- ;--- ------- -------
1. Arnie. .. .. ..... . ... S. 72 34.01 0. 56 0. 66 .. . . .... . ... 1.11 9. 88 0. 67 4. 42 . .. . . . . .... 101\.03 -'"'1 - '1- ~tJ -f 

IT. ' cwDisco.-ery ... . 43.66 37.7 . .. . .. .... .. . . . .. . 0.22 0.30 TrnceTrace1

1

Ji.95 Trace ...... 99.91 ' ' 

III. ( Big Ittsburgh ..... 4. 55 35. 60 I 2. 26 ..... : . .... . Trace Trace 2. ~a 5. 28 15. 05 ~- 55 . . . . . . 100.02 
IV. )Iorumg Star . .... . . 2,1. 47 3 . 05 0. 93 0. 77 . ..... 0. 23 0. 30 2. ,2 1. 30 16.67 1~. 4 0. 23 JOJ.l5 ,. 

I V. "-amp .Angel ...... ,27. 9 33. 79 ...... ..... .... . . . 0.53 1.14 , 2.83 1.5616.51 115.75 ...... 100.60 ~~ ' 

VI. I Lower Waterloo ... . 35.33 10.3 .... , . ... . . 33.05 I. 62 I 0. 7l . . . . . ..... 19. OG 1·· ·. .. . .. -~ 100. 1 5 ?4- •• 
I VII ..... do ......•.... .. .. 35.97 1 8. 1 ....... .. ... 135.40 1. 87 1 o.so 1· ····· ...... 17.46 . .. . . .•..... 100.31 
1 V !il. 

1 
•.• • do .... .. . .. .. ... . -137.54 j24. 76 0. 64 .•... . 18.43 0. 63 0. 7l 0. 66 0. 36 116.67 .... .. . .. .. . 160. 10 

The compo itions given above show that these sub tance are mixtures 
of h) drated ilicate of alumina, with more or le s sulphate of alumina, 
which, in the ca e of the las_t three, is replaced by ilicate of zinc. A is 
generally the case with such alteration products, it is difficult to con ider 
th m di tinct mineral . The occurrence of zinc in tbe la t three is some-
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what unexpected. Of the others, III is perhap the most abnormal. In the 

mine it wa a pure white, extremely plastic rna , whi b ould be molded 

like plaster or potter's clay, and became quite hard on ex po ure to the air. 
ulphuric acid is a very common con~tituent of the e ub tance , havin o­

been found qualitatively in each one of five other pecim<;!ns taken from 

widely separated parts of the district. " here the sub tance occur in the 

immediate vicinity of an ore body thi acid may be readily conceived to 

hav come from the oxidation of the metallic sulphide ; but in the ca e 

of tho e occurrin o- on barren contact far away from any known body of 

m talli c mineral , as i the ca e with V, it would ·eem that their formation 

might date back to the pa age of the sulphurou water which brought in 

the original ore deposit ·. 
L ime and magnesia salts.- AI thou h lime and rna o-ne ia are found in mall 

in both re and o-a no-ue material , it i rath?r remarb-.bl , when 

t that the untry rock i a dolomitic lim tone, that their minerai ~ 

ar o uncommon. al ite o cur a in ru tation on crevice and lining 
aviti r dru~ in th ir n, but ne ,·er in an - large amount. Gyp urn i 

rar l · found , althouo·h it m Yident that it mu t have been on of the 

mo -t imp rtant pr du ·t f alteration. It mu t therefore be a sumed that, 

wing to it r ad · ·olubilit ' it ha be n ntir l ' carried away. 

Barite.- arit , or heavy par, i · a not uncommon constituent of th 

gang u but it i Y ry irr o·ularlv di tribnt d. I t generally occur in agoTe­

rrati n · f tabular cry tal , fr quently con entrated in on iderable rna e , 

tain d by iron oxide. hlorid of ·ilver i generally 

iat d with it. Thi a ·o iation of barite and chloride of ih·er 

is not 'vorthy. Amon o- th miner th pre nc of the former mineral is 

con idered a ·ure indi ca tion of ri ch hloride ore. In this connection it i · 

int re tino· to r call filler' experiru nt , m ntion d b) 'andberger/ sh n·­

ing that ulphide of barium di ol' es pyrargyrite, or ruby ·ilver, wi thout 

d omposition. The frequent presen of antimony in the ores and Yein 

mat ri al· rend r it probable that a part of th ih·er mav have originally 

xist d a ruby ilv r. More v r althouo·h theP n.r no experimental proof, 

it i prol abl that wat r ont·::tining ulph ide -of ba,rimn would di ' h·e the 

' Ncn s Jabrl.Jucb fiir i\Iin c rrtlogie lu 9. p. 0~. 
l\IOX XU--3G 
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su lphide, or Mulpho-salt , of silver under the condition of time and supply 

'Ybich probably pre' ailed during th e process of decompo ition of the orig­
inal ore depo it . From such a solution the chlorine in the lime ton might 
have precipitated the ih er at the arne time that the ulphide of barium 

was transformed into ulphate. 
Manganese.- nother empirical generalization of the miner in thi region 

is that, where a larg·e amount of mangane e i found in the iron vein mate­

rial rich chloride depo it are likely to be found in the immediate vicinity. 

It i worthy of note in this connection that barium i a mo t frequent con-
tituent of mangane e ore . The fa t that the oxide of mangane e when 

treated by hydrochloric acid e' olve chlorine i al o ugge tive. If it i 

a surued that il ver in it pa · age from ulphid to hloride pa e through 

ulphate, and that hydrochloric acid wa formed in the urfa e wat r , . ay, 
by the action of sulphuric acid formed in orne of the reaction that may 

haYe taken place, the pre ence of manO'ane e oxide would favor the libera­

ti n of ('hlori ne, which, in turn, would form chloride of ilver from the ul­

phate "hen the latter came in contact 'vith carbonate of lime, and the lime 

be carri ed away a ulphate. 

ORE DEPOSITED AS ULPHIDES. 

That the ores were originally depo ited as ulphide would legitimately 
be a umed, from the almo t universal observation in nature that such oxid­

ized ores pa s into sulphide. in depth. So generally is this accepted as a 

rule in ore deposit that it would require pecial demon tration to pro e 

beyond a doubt that the native metals or their oxides and chlorides (except 
perhaps gold, tin, and the platinum group of metal ) are in any particular 

case o1iginal, and not the re ult of secondary alteration from sulphide . 
Analogy with the depo its in the neighboring Ten-Mile district affords more 

direct evidence in favor of this assumption. Uoreover, since the comple­
tion of the field work of this investigation, explorations on the dip in Car­

bonate and Iron Hill have proved that the oxidized ores actually do pass 

into sulphides. As yet no systematic description of these sulphid_e depo its 
ha been published from which it may be learned whether the metals exist 

exclusively as ·ulphide , but in the absence of any statement to the con­
trary it seems fair to assume that such is the case. 
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It remain , then, to consider the po sibl e reactions which may havP 
brought about the depo. ition of ore under the circumstance and in the 
manner a urned above; and in considering these it mu t be borne in mind 
that it i not po ible to reproduce in the laboratory all the onditions that 
may have prevailed at the depths within the earth 's ru t at which these 

depo its were formed, and that therefore reactions may have taken place 
and combination may have been formed under the e conditions which, 
from laboratory experience alone, might not be deemed pos ible. 

The ulphide of the heavy metal may be precipitated, according to 
I 

l~oth,l from variou olutions: first, where they exi t as ulphides, by ul-
phide of the a1ka1ies and alkaline earths; econd, where they exi t a carbon­

ate and ulphate , when they come in eontact with olutions containing 
th ~dkalie and alkaline earth or ulphuret.ed hydrogen· third, where they 

xi t a ulphat , which in contact with organic matter are r duced to 

ulphid . The metalli ulphide are oluble in wat r containing alka­
lin ulphid or ulphuret d h rdrogen, and silica and the earthy base in 
water ntaining alkaline carb nate . olfataric water (that i , hot waters 

haro·ed. with mineral matter ari ing from om unknown ource below) are 
kn wn to contain ulphur ted hydrogen and the alkaline sulphides and 
arbonate . On the uppo ition that the metal of these deposits carne up 

from the unknown our e below or ·were derived from pyrite and galena 
in n igbb ring ro k , it might be a umed that the iron and lead at least 

wer a tually br ught in a ulphides; in thi ca e, however, it is some''' hat 
diffi ult to con eive th reaction b which the ulphide hould replace the 
cabonat of lime and magne ia, and, o far as laboratory experience 

tea be , it would eem nee s ary that the carbonates hould have already 
been di olved out and carri d away before the ulphides were depo ited. 

'rhi apparently< involve the pre-exi ting cavity theory. It is, however, 
on eivable that the di olving out of the former o immediately preceded 

the depo ition of the latter that the process was practically an interchange 

of ub tance for sub tance, ?1~ the commencement of a change from sul­
phide to sulphate may have taken place _in pre ence of the carbonate, and 

' Allgemeine Geologie, p. 563. 
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the sulphate have been immediate! reduced to ulphide again by organi 

matter or other reducing agency. 1 

That the direct replacement of the dolomite by ulphide is not impo -
sible, however, eem proved by the fact that galena, zinc blende, and 
pyrite are found in nature a p eudomorph after calc pa1}and the la t tw , 
also, asp. endomorph after dolomite.3 The ulphate · of the metal are more 
or less soluble in water, especially when it ontain orne free ' ulphuric 
acid. Their reduction to ulphide through the agency of organic matt r 
i · a matter of common observation. 

The reaction by which the Leadville depo it mi<Yht have been made 
from olutions carr.) ing the metal a sulphates ar more readily cone iv­

able. In contact with dolomite containing organic matter th ulphates 
would be reduced to ulphide with the formation of arbonic acid. The 
waters thu charged with an exce of carbonic acid n ould di · ·olYe and 
remove the carbonates of lime and magne ia, which would be replaced by 
the metallic sulphide . Any exce of ulphuric acid would form oluble 
sulphates of lime and magne ia, which would al o be carried awa -. If 
the e ulphate were reduced _to ulphide they would render the waters 
more capable of dis olving out the dolomite. 

The met.:1.l ·might have been taken up in the form of ·ulpbate b w( ter 
percol ating through ro ks, where the.) might have been brought into thi 
combination by the oxidation of sulphide or by the decompo ition of ili ­
cate . It miO'ht al o be conceived that during their pa age these sulphate 
would l e reduced to sulphide by contact with organic matter before th y 
reached the locus of the depo it. 

The mo t important objection to the hypothesi that the metal were 
brought in a ulphates i that the lead sulphate is so in oluble compared 
wi th that of iron or zinc; and yet the amo unt of galena in the ore wa 
probably greater than that of zinc blende. 

Sulphide of barium would be precipitated as ulphate of baryta in con­
relatively greater insolubility than the 

lJ. Roth, All g. Geulogi ·, p. 235. • J. Roth, op. cit., p. 171. 3J . Roth, op. ci t., p. t 4. 
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ilica, when brought in by waters containing alkaline carbonate in 

which it i notably oluble, might form silicate of the alkalies, the carbonic 

acid of the latter ~erving, a ugge ted in the ca e of ulphid , to r nd r 

the water capable of carrying away the earthy carbonates. Later the com­

bined alka1ie might be in part replaced by other ba s, such a oxide of 

iron, and in part actually dissolved out, leaving free . ilica. 

MODE OF FO RMATIO . 

It ha been asse-.med that the ore of thi 1·eo·ion were originall y 

depo ited, fir t from aqu ou olution ; econclly, by a meta omatic inter­
change1 with the country ro k; and thirdly, in the form of nlphide . Dir ct 

evidence of proee e which went on in former geologi al epochs at O'reat 

depth below the urface are nece arily difficult to obtain e pe ially where, 

a in th pr nt a e, the field of ob ervation wa confined to mat ri al 

whi h ha been more or le altered ince tho e proce e had ceased. It 

i ther £ r n ce, ary in the commencement to a ume the more probable 

am ng I o ibl proc e , and then to ee to what extent the a umed pro­

ce may be reconcil d with ob erv d fact . 

rr he aO'encies by whi h mineral matter may b carried from one place 

to another within the arth' ru t are beat and water, or a combination of 

the two. It wa, nl in th very infan y of geology that beat alone was 

eriou ·ly admitted to be a po ible agent for the formation of mineral 

dep it in c1 pth. rrhe nature of n h deposit wa soon found to be uch 

a to pr lu lethe po ibility that they might have r ulted ·from the con-

olidation of a fu ed rna . ublimation, on the other hand, as a mean of 

forming such mineral rna e , involve a combination of heat, pre ure, and 

water, and may therefor in one en e be con idered to be a form of aqueous 

olution. It practical demon tration, how ver, is confined to laboratory 

ex1 riments, which can at be t be but an imperfect imit.:1.tion of the proce s 

of nature. The removal of the material of which ore deposits are formed by 

the agency of water alone may be ob erved to be going on in nature at the 

present day. H ence this agency, to which, under the comr aratively un-

'By m tasowatio interobnng i mennt an interchange of sub tnnce, wi1 bout ueces arily involv­
iug, o does p eudomorpbi. ru, th e J)re erva ion of the original form of the substance replaced or eveu 
of its original volum . 
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known conditions which prevailed 'rvhere deeper-seat d depo it wer formeJ, 
a certain amount of heat ma; have been added, i the on ado1 t d by the 
majority of student of vein phenomena to account for th r moval of the 
vein material from place to place within that portion of the earth' ru t 

that come under our ob ervation . 
That it wa from aqueou olution that the Lead' ill v in mat rial 

were deposited i a neces ary corollary of the a sumption that the dep si­
tion took place as a metasomatic interchange betwe n them and the countr 
rocks, :ince the variou material of which they on i t could have been 
brought in and the dolomite and other rock ubstance have been removed 
only by the agency of water. A further necessary orollary of the meta­
somatic interchange i that the ores were not deposited in pre-exi ting 
cavities, as is generally a sumed to be the case in ore depo it , particularly 
tho e in limestone. The three a umption being thu interdependent, 'i­

dence in favor of either may be con:;idered, in o far, a proof of the other , 
and it will not be nece ary to con ider them separately. Direct evidence 
that the original sulphides in the region were der o ited in thi manner i 
necessarily difficult to obtain, where secondary alteration bas gone o f.ar a 
it has in Lead ville; but indirect and negative evidence is abundant. When 
the unoxidized depo its have been thoroughly opened by futlll'e explora­
tions, ISO that it will be pos ible to study them in their unaltered and odginal 

condition, an opportunity will be offered for testing the correctne of the 
deductions here made. 

I ndirect evidence. - In their present condition there can be no doubt that 

the ore bodie · are a replacement of the country rock. In the case of the 
_ limestone deposits they grade off gradually into the country rocks, the 

only regular outline of the bodies being those which are formed by the 
contact of the limestone with the adjoining porphyr; ; the other outline 
are irregular and ill-defined. Not only are fragments of unaltered limestone 
found entirely inclo ed within the ore bodies, but the latter ometimes 
occupy the entire space between surrounding sheets of porphyry, which 
the geological structure shows must have been formerly occupied by the 
original limestone bed. The chemical analyses of the ores and vein mate­
rials given above show lime apd magnesia to be constant constituents, 
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decreasing proportionally from the outer limits of the body toward its in te­
nor. When the e sub tances are in sufficiently large proportion to be vi i­
ble to the eye, they are seen to be, not in the crystalline condition in which 
they would be expected to be if they were brought into a pre-exi ting cavit 
and then deposited, but in the arne granular condition in which they exi t 
in the country rock. Although it may be said that the pre ent outlines of the 
oxidized ore bodies are not necessarily the same as those of the original ul­
phide deposit , it is probable, from the study that ha been made of the proc­
esses of alteration, that they presen e a general proportion and relation to 
those outlines, and do not vary from them sufficiently to invalidate the deduc­
tion th~~t the original deposits could not have been ~ade in open caves. The 
depo its in rocks other than limestone consist of metallic mineral, and of 
altered portions of the country rock, in which the structure of the latter can 
om time be still traced, and are not the r gular layers of matter foreign to 

the c untry rock which re ult from the filling of a pre-exi ting fissure or 
cavity b ' material brought in from a di tance and deposited along the walls. 

In the case of the till unaltered ulphide depo its of Ten-Mile district, 
whi h may rea onably be a ' ·umed to have been formed in an analogous 
way the arrangement of the particles of the original rock can frequently 
be een to be Ire erv6d in the metallic minerals, which maintain a certain 
parallelism with the original bedding plane in the line defined by minute 

change in these mineral . 
Negative evidence i afforded by the absence of that condition of things 

which would naturally be expected to exi t if the ore bodies had been 
depo ited in pre-exi ting cavitie , a ha be n a umed to be the case by 
those who have on tented themselves with thi a priori as umption founded 
on the theory generall r o·iv n in text-books, without taking time to study 
th phenomena a they actually exi t. The common cha.racter of caves 
which have been dissolved out of lime tone is that their wa.lls are coated 
with a layer of silt or clay, which has been left undis olved by the perco­
lating waters, and that these walls, where undi turbed, have a peculiar sur­
face of little cup-shaped irregularitie . There is al o almost invariably an 
accumulation at the bottom of the cave of irregular fragments of lime tone, 
which have broken offfrom it sides or roof. Ob ervation how u , more-
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over that depo it of mineral matter made in pre-exi ting ca iti are m 

more or le regular layer ·, parall l with tb wall of the cavit , and that 
where thi approache a spheri cal hape, even in a light rlegr , the e layers 

are concentric. The most perfe t type of this arrang ment i een in the 
ao·ates which £11 o-eodes. 

W ere the ore bod ie. of L adville the filling of Ire- xi ting cavitie 

not only would it be expected that a ertain paralleli m within the wall or an 
arranaement in la·v·er of tl;leir varions mineral con tituent boulrl have x­

i ted, but thes walls would have been defined by a di tinct clay y elvage, 
all of" hich could hardly have been entirely obli terated by the econdary 
alteration which ha tak~n place. Further, an examination of the outli n 
of these OTe bodies afforded by the map and ection how the phy ical 
impo ibility of their having once been open cavitie . What would haYe 
supported the roof of uch broad continuou opening a they would rep­
re ent., or, in ca e where they occupy sensibly the entire pace between 
two ·beet of porphyry, why did these beets not clo~e together Again, 

how could uch cavities have been formed at the der th at which the e 
depo its were originally formed, which it ha been shown must have been 
about 10,000 feet below the rock surface 

The cave which now exist in the lime tones of this region are of 

extremely recent origin, and, as has been shown, cut through li mestone and 
ore bodie indi criminately. The action of the surface water which form ed 
them i therefore not only recent, but more recent than that which pro­

duced the greater part of the secondary alteration of the ore bodies. 
Those who maintain that the depo it. in lime tone have neces arily been 

deposited in pre-existing cavitie do not in all ca es, 1 it is true, distinctly 
tate that these cavities mu t have been formed by surface waters; but it 

yet remains to be proved that any of the caves which are , o commonly 
found in limestone have been formed at any great di tan·ce from the sur­

face. The majority certainly have not, and, since it is generally admitted 
that the power of ea ily dissolving limestones is acquired by the water 

1 Prof. J. S. Newberry ( cbool of fin s Qnnrterly, March 1 0) di tinctly stntes tba.t the west­
ern depo. its iulimestone bnve beeu deposited in caves which, lLke tbe Mammoth Cave, were formed by 
urface ''aters, and that probably the e deposits wiH pro'l'e of l imited extent iu depth, since t he exca 

va.tion of limeRtones "must be confined to the zone traver eel by su rface dra in age." 
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from the free carbonic acid and organic acid whi ch they take ur at the 

urface, it eem probable that the e "ould have been neutralized and the 

olvent power largely lo t long b fore they could ha...-e reached depths 
comparable with tho e at which these depo it w reformed. 

ORIGIN OR 'OURCE OF THE METALLIC 11INER.AL . 

Ascension or lateral secret ion.-The oriain of the metallic content of ore de-
. b 

po it has been, from the ...-ery em·lie t day of g ology, a mo. t fruitful theme 

of p culation and theori~ing, prob~ bly for the ,-ery r ea on that o little ha 

b en done toward obtaining data, founded u1 on actual ob ervation or 

experiment , to support one theory or exclude another. In the day of the 

bitter contest between N eptuni t and Plutoni f the upporter of either 

chool allowed only the extreme alternatives that the vein material - were 
wa bed into th ...- in from the urfa (de c n ion theory) or that they 

w re £ reed into them in a molten condition from below ( asc nsion theory). 

Pr bably in ithe_r a e in the h at of th conte t, they went beyond the 

real opini n of the orio·inator of the chool, for it doe not appear from the 

writing of ~ ern r 1 the father of the N eptuni t cLool, that he himself 

went further than to maintain that vein were filled by depo it from solu­

tion· r achina them from abov , without attempting to indicate the . ource 

from whi h the e olution d rived their metallic content . The idea of the 

original a en ioni t , or more properly, injectioni t , that the mineral con­

t nt of ore d 1 o it could have been inj ected into their pre ent po ition in 

a fu eel tate, i , oppo d to all ob erv d fa t that it ha. long since been 
abandoned; and probably no one would maintain that original ore deposits 

are derived from water at pre ent flowin g· on the urface. 

There till remain a tendency among writer to eparate themselves 

into upholder of modification of one or the other of the e original theorie , 

but an impartial examination of their views show that, o far as their foun­

dation in well-a certained facts or on legitimate deduction from the e fact 

goes, tb r~ i reall no great es entiaJ lifference between them. Thu the 

French geologi ts, who, by the prominence given to the synthetic experi­

ments of S narmont, Daubr e, and other , may be con idered to be the 
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legitimate inheritors of the a cension or injection th ory, now modi!ied into 
the sublimation theor), themselve admit that it i pra ticallv an aqueou · 
solution; even if in a ga eous form, from which they deriv the metallic cou­
tents of their deposits. 1 And among those who profe sedly maintain that 

most ores are probably depo ited by percolating water , but who would di -
tinguish lateral secretion from a cension or de cen ion, there i fundament­
ally so much held in common that differences eem light.2 

That some ore deposit have neces :tril; been depo ited from oluti ll 

i!:l admitted by all geologists who have made special !:ltudies of the ubj ct, 
and that the greater part of them have been so formed i maintained by a 

large and ever-increasing cla s. Geological investigation have al o hown 
that within the rock forming the cru t of the earth, so far as ob ervation 

has yet reached, there is a constant circulation of waters carrying more or 
les mineral matter in solution, and that n r k i ab lutely imp rm able . 
There are therefore both upward and downward current , it being gener­
ally assumed that the latter are mface waters sinking under the influence 
of gravity and the former the. same water ri ing under that of the internal 
beat of the earth. It will be readily apparent, however, that uch move­

ment is not necessarily vertical in either direction, but will take its immedi­
ate direction from the character of the rock mass through which it i.., pa. :sing; 

that there will be a tendency of waters, filling capillary passages and minute 
fi sures, to seek larger channel on joint, fault, and tratification plane , 
along which their movement will be .more free; further, that, in ca e of 

waters passing along such channels and carrying mineral matter in solution, 
thi mineral matter will be deposited where the conditions of the inclo ing 

rock are such as to favor a chemical precipitation or interchange, and that 
such precipitation will be most abundant where for any cau e there i orne 

A. de Lapparent, Traite de Geologie, p. 1170. Pari , 1 3. 
• Thus Joseph LeConte, in his article on the Genesi of Ore Deposits (Amer. Jour. of Sci., May, 

1 ' :3), while devoting much pace to di proving th e theory of andi.Jerger, as exposed iu hi recunt 
R s arcbe on Ore Deposit, is really of the same opinion a the latter on moat essential point . The 
main point of difl'e reoco b"tweeu t he two app·ars to be that, while Ll'Conte maintain that tho ]• be­
nom na of 'teaml>oat priogs aucl 'u lphnr B.wk, whore deposits are actually goiug on a.t the present 
clay, booJd IJe taken as a type of all depo it a od may serve· as a basis for a general t beor.1·. ~a. utl­

b rg r coo ·iders them xcept ioual ca es and the ir conditiocs not necE':~ ·aril y the sa me that prevai ltrl 
with depo it · formed at a great depth l.J low th e ·mfacc. 
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interruption in the regular flow of the current, a rapidl · moving waters 
depo it much le readil) than those who e movement i very low. 

Admitting the above condition' , it would seem, a priori, impo ible to 
a ign any general direction of mov-ement to currents from which ore are 
depo ited, and that each individual deposit must be studi d by it elf in 

order to determine, b) it geological relation , from which direction the 
depositing solntions probably cam . The admis ion that ore bodie have 
been depo ited by current of circula.ting water logically involv the 
admission that they may haYe been upward, downward, or lateral current , 
according as the conditions at time of depo ition favored either direction 
of approach to the locu of deposit. 'iVhile the determination of this direc-
1 ion in a sr ecin.l district is of the utmost importance from an economical 
point of view, since by it the explorations for the continuation of ore bodie 

mu t be largely guided, it theoretical importance a bearing upon the gen­
eral qu tion of the origin of ore depo it ' eem to have been hitherto much 

exaggerat d. 
Sourceofmetals.-In p culation a to the ource from which the metallic 

content of ore depo it are derive<l, a di tinction hould also be made 
between the immed iate and th ultimat our e. 

The ultimate source i a much a pur ly peculative matter as the 

nebular h ·r othe i . Since according to thi hypothesis the earth in its 
pre nt condition i the re ult of gradual cooling from an incandescent rna s, 
and ince moreover the pecific graYit of the rock) crust which is exposed 
to ob ~ervation i ver much le than that of the whole rna of the earth, 
it i a legitimate con lu ion that the heavy metals must be in much larger 
pr portion in the interior of the earth than in the rocky cru t. Althougl:i 
thi view is generally admitted by geologi t at the pre ent d.:1.y, it i evi­
dent that it ba i is somewhat negative, ince, 1ike the nebular h. pothesi 
upon which it is founded, it cannot be proved in the pre ent state of cience 
by actual experiment or ob ervation. \ olcanic ·emanation and thermal 
prings have been found to contain metallic mineral , as have al o the 

water of the ocean, but it cannot be stated definitely from what depth they 
have come in the former ca e nor whether, in the latter ca. e, they may 
not have been ultimately derived from the arne indefinite, <leep- eated 
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source. It wonld eem proper, therefore, in a practical treati e like th 
pre ent, to leave out of con id ration altog ther the ultimate and purely 

peculative ource and to confinA the inve tigation to the more immediat 
source, about which it i po ·ible to obtain orne a tual and demon trable 

evidence. 
A circulati ng waters must take up a well as throw down their m tal­

lic content , it i evident that under varying condition the arne ruat rial 
may have been deposited more than once a.nd in more than one form ince 
it reached that part of the rocky crust of the earth which is open to actual 
ob ervation. There may be, therefore, intermediate ource betwe n the 
ultimate and the immediate, but which, like th ultimate, are removed from 
actual demonstration. 

It i common practice to ay of an; ore depo it, not di tinctly edi­
mentary, that it has come from 7Jelow, and to re t ontent with thi ·tate­
rnent, which, even if not u cept.ible of direct proof, ha the merit that in 
one en e it cannot be disproved. Thi practice evidently had it origin 
in the fact that early writer upon ore depo-it u eel a the type depoRit, 
upon which to found their theorie , the nearly vertical fi suTe Yein. Thi 
the) a umed to be the filling of a pre-exi ting open crack, extending indefi­
nitely toward the center of the earth, by heated elution ari ing from 
great depth ; a these solutions approached the urface of the earth and 
were consequently relieved of the great pres ure to which they were ub­
ject in the depths, by reason of that rAlief they gradually depo ited their 
contents on the wall of the fissure until it was completely filled. While 
under the theoretical conditions a sumed this hypothe is might afford an 
adequate explanation of the manner of depo ition in uch a vein, it i by 
no mean proved that such condition exi t in nature, and therefore the 

explanation, so readily D'iven in mo t a es, is generally inadequate and not 

founded upon a ufficient study of the geolo'gical conditions. 
In the case of the Leadvi lle deposits the inadequacy and even fal ity 

of thi explanation, except a applied to the ultimate source from which the 
metals may have been derived, is readily apparent. 

In the first place, the geological tudy of the district has shown that 
theY must have been formed beneath a thickness of at least ten thousand 
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feet of superincumbent rocks and an unknown amount of ea water. If 
they had been depo ited from hot ascending olutions, as there ult of a relief 

of pre sure, it would naturally be expected that the bulk of the depo it would 

lun e been found in the upper part of this rna of rocks, where the pr ure 

was lea t, in tead of at its base. 

econdly, as at the time of depo it the sedimentary beds in which they 

occur were h01·izontal and relatiYely undisturbed, if the depo ·it had been 

mad from a cending current it would naturally be expected that the proc­

e of deposition hould have acted from the lower surface of the bed · up­

wards, in tead of from th upper ·urfac downward , a i ' hown to have 

been the ca e in the Blue Liwe ton , whi h arrie the bulk of the ore ·. 

Thirdly, a far a pre ent inve tigation haYe extended, there i · a 

noticeable ab en e, in the region of g reate t ore development, of cha nn l 

xt nding do,Ynward ·, throu o·h whi h the a cending olution · might haYe 

eom . 'l'b va t rnajori ty of eru pti" bodie are in the form of near] y hori­

:!:Ontal b et , pru:·all 1 with th tratifi ation. The few approximately verti­

cal bodi s that have come und r ob rvation afford no e>iden<;e that theit 

walls form part of a chann 1 throuO'h '"hich tb 

b 1 \\ . 

urrent ·ame up from 

Th abo Y con id ration rn uffici ently onclu iYe e Yidence ao·ainst 

adopting upward curT nt · a: th clir t ource of th or der o it of L ead­

vill . 'I he prin ipal \r at r bann l a t th tim of depo ' ition ''a eYidently 

th upp r c ntact of the Blue Lime ton ,,.ith an OYerlying porphyry, and 

from this urfac th y 1 enetrat d d wnward · into the mas of the lirne­

:stou . It rna · b a umed, therefore, that the current '"ere de cending 

under tb influ nee of g ra Yity, rather than asc nding under the influence 

of h at. 

It i w ll kn cnYn that p r ola tin o· wat 1" ir ulate freely iu ver · dir c­

tion thr ug h ma iv or eruptiY rock ·, owing to the effect '"'hi h oo lirw 

and weatb ring haYe f splittin o· th m into irr g ula r blocks, \Tbil e in. edi­

mentary ro k , h wov r 1 rrn able, the bed lirw-1lanes are naturall · th ~ 

a ·iest for th m t follow. If~ th n, at the tim e of d po ition th prentiling 

dir tion f the or , •urr nts bnd b en downward ·, t i a ·y to conceive 

that tl ey would baY d cend d fre ly thr uo·L tb o,·er i.yi ng porph,ry 
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masses and would have been diverted temporarily from a vertical to a hori­
zontal course along the tratification plane of the fir t edimentary bed they 
reached, and that, when this was a comparative! soluble rock like the dolo­
mitic limestone of Leadville, they would eat their way graduall into it, 
either from thi surface or from cracks through which they were here and 
there able to penetrate its mass. A downward current eems, therefore, to 
best uit the fact thus far ob erved with regard to the Leadville depo it . 
It might be objected that a downward current would not neces arily be hot, 
but it ha been found by experiment and ob ervation that metallic mineral 

may be taken up by cold water, though not so rapidly a by bot. More­
over, it is probable that the intrusive bodie retained for a long time uffi­
cient heat to sen ibly raise the temperature of water coming in contact with 

them. 
In looking, then, for the immediate source whence the water. by V\ bich 

the e ores were depo ited derived their metallic content , which ource 
bould be within a limited di tance of the locu of the <lepo it , ince it can­

not be upposed that the waters would travel for a great eli ta.nce through 
rock of varying composition without suffering con. iderablP. change in the 
material they held in olution, it would eem natural to consider the rocks 
in the vicinity of these d~posit , and especially those overlying them. 

. Metallic contents of country rocks.-It was resolved in the early stages of the 

work to make a careful. chemical examination of all the rock varieties of the 
region, a far as circumstances would admit, selecting comparatively unal­
tered rock , which might be supposed to retain mo t of their metallic con­
tents, and those suffi~iently removed from any known ore channels to be 
free from the suspicion of having received these contents from the wate1; 
exuding from such channels. 

This inve tigation was undertaken solely for the purpose of obtaining 
facts which might explain the condition of things existing in the region, 
and· was conducted without the bias of any preconceived general theory. 
Indeed, in the opinion of the writer, our knowledge of the ore deposits of 
the world is still too limited and superficial to admit of the formu~ting of 
any generally and universally applicable theory. On the other hand, the 
wnigbt of what ma!f be considered actual evidence, as distinguished from 
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pure .-peculation, seems to be in favor of the lateral-secretion theory in its 
broader acceptation. Geologi ts whose acknowledo-ed ability and wide 

0 • 

experience give weight to their opinion have already made the general-
ization that the majority of the ore depo its, whether in cr stalline or in 
sedimentary rocks, are found, if not in actual contact "ith, at lea t in the 
immediate vicinity of eru ptive rock . The experi ence of the writer would 
lead him to qualify this generalization by adding that it i with the older 
and generally intrusive rocks of eruptive origin that vaJuable ore bodies are 
mo t frequently a ociated, while the) are rare in region where these ro k 
only form urface flows or are outpouring of actual volcanic vent . A 

there i no ground for a uming that the latter rock would be freer from 
heavy metal than the former, the rea on for the e as ociations would have 
to be foun l in the fact that the older rock have been exposed longer to the 
a tion of percolating water and the deeper rocks have been more ace , -

ibl to the water ontaining material that would readily eli solve the 

m tal. 
s regards the deriva ion of ore material from neighboring rocks, G. 

Bi hof who ha rendered mo t important servi ?e to geology in removing 
it from a peculative to an inductive ba i , first gave an authoritative a.nd 
de i l d opinion in the e word : 1 "A a general con equence of the relatio11 
between the matri s of lode , the rock adjoining them, and their condition, 
a well as tho e b tween different lode , it may be inferred that all the snb-

tance contained in the lodes have been deriv cl from the adjoining rocks. 
Both Breithaupt2 and von Cotta 3 admit the probability of thi deriva­

tion, provided the exi tence of the vein material in the country rock can 
be proved. Bi chof had already proved thi for the gangue materials, but 
hi investigation had not b en carried further, and the existence of the 
heav metals in the ountry rocks still remained to be demonstrated. To 
this ta k Dr. F. Sandberger ha c1 voted himself, a he tell us,' since 1873. 
Up to that time he had been an advocate of the a cen ion theory, but after 
having by carefnl analysis detected all the vein materials of a certain dis-

• G. Hi chof, Ch mica! a.nd Phy ica l Geology, III. p. f \ . 
•Parn.g ne is der Min ralien, p. 119. l ts49. 
3 La.gerstiitten der F.rzo. I, p. 177; II, pp. 297 et se(\. 1 '9 
•UnterR·•r.hungen libe· Erz(Tiiuge. "Vie baden, 1· 2. 
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trict in the adjoining country rock he wa led to make extend d i1we tiga­
tions of the countr.) rocks of ore depo it in (J' neral , not contenting him elf 

with a imple lump analy is of the rock, but parating out it individual 

constituents and anal; zing them eparately. He now claim that h ha 

thus .been able to di cover all the metal · occurring in vein , and that th y 
are mainly contained in the ba ic ilicate of ry talline rock , ~ uch a mi a, 

hornblende, and augite. He ha al o analyzed the water of man_ thermal 

prings, and concludes that the meta1 contained in the e are not depo ited 

in their channel , but only at the mouth , wher the; nr practically in con­
tact with the atmosphere, and, while he con ider further imilar inve tiga .. 

tions desirable, he hold that \That he ha ah·ead) d termin d prove the 

general inapplicability of the thermal- pring rigin for fi ure ' ein , n·hich 
have mostly been formed at d pths where the influence of the atmo ph r 
would no.t be felt. Whether Dr. and berger s on lu ions b ac _l.)ted in 

their entirety or not, the re ult · of hi inYe tigatious ar certainly very ug­

ge tive. Both he and Bischof con id r the ili cate more pr bable ource 

of the metals than th di eminated pyrite o abundantly found in rnp­
ti ve rock which they hold not to be ori(J'inal constituent thereof. 

In the Ire ent inve tigation it '"a not fea ibl to follow andberger' 
method of analyzing the ·eparate con tituents of all th different rock ·, 

which involve a gr at expenditure of time anG. the u e of elaborate chem­
ical apparatu . 1oreoYer, the porphyries in the ,·icini y of L eadYille con­

tain no basic silicate in a ufficiently undecomposed tate to be eparated 

out. Lump analyse alone 'vere then practicable, but by the employment 

of dry methods it was po sible to make ~t greater number oft t and detect 

extremely minute trace of ih er and gold, which by Sandberger's method 

could hardly have b en found. L ead and barium " ·ere al o sought for in 
the wet way. The other principal constituent · of the ores, ilica, iron, and 

mangane e, ate o universally di eminated that a ·pecial earcb wa con­

sid red unnece ary. The methods 1 Ul" ued and the detail of the result 
btained are et forth in ppendix B. More than twice the number of 

a ay · there given for gold and silver were originally mad , but after they 

had all been omple ed a I o ·sible source of error wa di ·covered, which led 
to a r petition of the test in the ca e of all for which material remained. 



VEIN MATERIALS l r ERUPTIVE RO K . 577 

Th e di crepancies in the e were not such as to have affected the final con-

lusion, but it was con idered best to publish only tho e who e positive 

results were be ond a doubt. 1 -ComparatiYely few edim ntary rock w re 

te ted, for the reason that in all ca es where not e idently expo ed t the 

influence of the ore currents they were found to be barren fall tbe n­

ti al vein material . 

Baryta determinations.-Baryta form an e sential con titnent of one van­

ety of feld par (hyalop-bane) , which contain from 9 to 20 per cent. of it, 

and it ha al o b en found in small amount in ande ine, oligo la e, and 

orthocla e feldspar , where it i genera11 y a sociat d '''ith strontia; p robably 

both might have been found much more frequentl y if an~lysts had made 

a pecial search for them. A these sub tance ar e genentlly r cogni z d a 

po sible constituent of eruptive rock ~ it ·wa not con idered nece ary to 

make a Teat man .. te t in order to e tabli ·h the po ibili ty that the barite 

in the Leadville d po it might ha' e b en derived from the neighboring 

r ck . A tr ntium replaces bariu m to a certain extent in the Leadville 

min ral it o urren i al of ignificance. Neither of these ub tan e 

wa found in the ·edimentary ro k anal rzed, but from eruptive rock were 

btained a follow : 

Bariu1n aucl strou t·ium iu erupt ire 1'0oks. 

Ro k. Lo ality. BaO • 1 SrO I 
Whit Porphyry . . . .. .. .. .. CHliforo in gul b quan_y............ .. .. . .... .. 0. 03 1 Trace 
PyriUferons Porphyry ...... 'Wbito'• ·nm ..................... .... ........ ' 0. 098 

1 
........ . 

Do ......................... do ................................ ....... Tra o ........ . 1 

Do .... ........ . ....... White's ilill, Mah·i nu. tunnel................. Trnco .... .. .. -- j 
Gray Porphyry .. . . . .. .. .. .. N at· Quota, Johnson gu lch .. .. .. .. .. .... . . .. .. .. .. .. .. 0. 08 
Lincoln Por1>hyry .. .. .. .. . ·ummit of Mount Lincoln................... .. .. .. . .. . 0. 07 
Porphyrite.......... ... .. ortb Mosqu ito ampbithootc'· ...... . ... .... .. .... .. . . .. Trace 
Hyp rstbeu -a nd it Butlhlo P eak....... ... .. . .. ...... .... ...... Trace Trac 

In one p cim en ach of Mount Zion Porphyry, porphy rite, and rhy­

oli t , n ither bar ta nor st.rontia wa found. Thu out of eleven pecimens 

t t d five contain d baryta, five trontia, and in thr e neither wa detected. 

Lead determinations.-Lead ha al o been detected in feld pars, though le s 

fr 

umcd at the time the abstract of this 
r ·port wa · written. 

MON XII--37 
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Among the rocks tested during this inve tigation it wa found i11 a ingl 
peciruen only of edimentar - rock, a andstone impregn<tted with pyrit , 

probably deriv d from th adjoining P ritiferou orph ry. As the quanti­
tative results are given in full in rrable III, Appendix B, the T need only 

be pre en ted in the following abbreviated form here: 

L ead i n eruptive 1'0cks. 

R ock . 

White Poq>hyry . ........ ·1 
Gray P orph :ory ..... . .. .. 
Lincoln Porph)' ''Y .. .. .. .. 

Nu mb r of 
specimens 

t stocl f o r 
Pl>O. 

2 

Pyriti~ rou Porphyry .. . 
I P orphyrite .. .. .. .. . .. . . .. 2 

I 

2 

' nmb r I in which no 
PbOwas 

founcl. -1 
0 

0 

I Granite .. .. .. .... ....... .. _.2_ ____ _:_ _ _ _ 1 _ 

T otnl ..... . ......... . l 15 3 

Of the above pecnuen all except granite and porphyrite belong t a 
higher geological horizon than the Blu Lime ton e. The re ult gi' en in 
Table III are tho e.whicb were nbtained from that portion of the rock oln­
ble in strong a icl . In only three case wa the in oluble part fu. eel and 
·ubjected to further treatment. In these case · more lead wa obtained fr m 
the in oluble part than from the oluble. It may therefore be as umed that 
had the arne treatment been pursued in each ca e the re ult would ha,·e 

been ev n more conclu ive as to the prevalen e of lead in appreciable quan ­
titi e in the igneou · rock · of the region. The greater portion obtained in 
the e ond treatment xi, ted undoubtedly in th e form of ili ate, ·inc mo t 

of the ulr hide contain din the rock, whether origin al or secondary , would 
ltav yielded to the a id treatment . But it doe not nece arily follow that 

all the lead obtaine l by the fir t treatment was a ociated with the p) rit , 
for the ar1 al; i of pyrite from the Pyri tiferou Porphyry treated separately 
give only 0.0019 'per cent. PbO, while the average of eight specimens of th 
ro k give 0.0020 in the soluble portion alone. 

A · a further mu tration, Table III gives the re ult of an examination 
for zinc of two rocks from the Ten-Mile district, where the ores are highly 



SlLVEH. A.}ilD GOLD IN ERUPTIVE ROCK 579 

zinciferou . They ar 0.00 and 0.0043 per ent. ZnO, r ·p ctively, with 
an appreciable amount of •oo a well. Of the gran it , the ne containing 

lead is of eruptive type, th other rather a granite gnei . 

Had time and labora.tory fa ilitie p rmitted the e r sult might ha.Ye 

been greatly multiplied and the anal es mad much more exhau tive · but, 
although the existence of lead in u h connection inferentially implie that 
of gold or ilver al o, it was thought wi er to btain dire t proof of the 

occurrence of the e metal a well. 
Silver and gold determinations.- The quantitative result of the ·e determina­

tion , together with a tatement of the method emplo eel, will be found in 

Appendix B. The following table pre ents the re ult gi n in Table I 

in a conden eel and more comprehen ive form : 

il'ver aml gold i.n erupti~e 1·ocks. 

Rock. 
Xmnbcr of 
p cimeu 
tesrcd . 

I Whit Porphyry ......... ..... , 11 
Gr n · PoqJhyry .. .. .. . .. .. .. . 3 

I 
...: umber 

coutniniog 
sih-cr. 

Number I .Num~ r 
coulninin ,. 1? wh.toh 

,...old ~ ne1tb r was 
" · found. 

-- 1--

I Linc~ln Porphyry . . . . . . . . . . . . G 5 

I 
PyrrUforons I'oq hyry...... . 10 9 3 

ncrnm ulo Porphyry .. .... .. I 0 
Green Porphyry . . . . . . . . . . . . . • 0 
Diorite (nngile).... .. ......... l 0 0 

0 

I Porphyrite .. .. .. . .. .. .. .. .. .. G 0 I 0 
uuesito (hornbl nclic) . .. .. .. 1 1 0 0 i Rhyolite...................... 1 1 1 0 I 0 

Trnobyte .. .. .. .. . . .. . .. .. .. .. 1 l 0 0 
I Grauite ........ .. ... .. .... .... __ 2.,_ _____ o _____ o _ __ ,_2__, 
1 

Total .. ..... ............. , H 32 4 · 12 

In eli cu:s ing the a.bove re ults it i important to consider the pre nt 

condition, po ition, and compo ition of. th different rock rna es. It mu t 
b born in mind al o that the "tJ.egati e r nlt are not ~tb olute, but meau 

merely that th p cimen te ted does not contain more than 0.000006 

p r cent. of ilver, or 0.002 ounce to the ton. uch quantitie · ar , it is true, 
almo t infinitel small; so also i th amount of time and water allow d for 

their l a hin , alm t infinitely O'reat. 
The ·white Poq hyry i the most univer ally decompo ed rock in the 

regwn. Nowhere wa it po ible to obtain it in an ab olutely fre h ·tate, 
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but the rock of dikes was found to mo t nearly approach thi conditi on. 

The three specimens which were found to contain ilver cam from dike , 

while all the other came from the main h et overlying the Blue Lime­

stone. Considering this fact alone, it might be a umed that the metallic 

content had already been leached out of tbi beet. On the other hand, 

the rock in its unaltered, normal condition apparently contained a ver 

small proportion of basic silicate; and of pyrite, if it exi. ted a an original 
con tituent, but little trace is left. 

On the other hand, the Pyritiferous Porphyry, which tand at the 

oppo ite end of the scale as regards it content in gold and silv r, although 

generally decomposed at the mface, i le so than the White orph ry, 

and its interior i le s deeply expo ed, either by ero ion or by underground 

workings. It al o contains a larger proportion of ba ic ili cate . Its mo ~ 

tdking feature i the enormou amount of pyrite that it contain , amount­

ing on a.n average, to about 4 per cent. of it rna . Part, at lea t, of 

thi pyrite is original, a it is found included within the cry tals of quartz. 

Both pyrite and galena are occa ionally found. however, oating the joint­

ing· pl anes of the rock, in which ca e they are undoubtedly econdary. 

From a con ideration of the quantitath e result given for thi rock in 
Table IV, it i evid nt that, while the trace of gold in the rock might have 

b en ontained in the pyrite all the silver could not thu · be acconnted for. 

'I he average as ay of the ten specimen of Pyritiferou P rphyry i · 0.2773 

ounce Ag per ton; but one of these might be con id red abnormal, ince 
it alone contain more than the urn of the other nine. ej ecting this, the 

average of the other nine specimen is 0.0265 ounce g. 1,be pyrite, ep­

m·ated and a ayed alone, gave 0.:;9() ounce g, or 0.0013 I 1 r cent.; but 

in a rock containing 4 per cent. of such pyrite, "hich wa the estimate 

obtained by a careful mechanical eparatiQD of this material from a Pyritif­

er u. Porphyry of averaO'e compo ition, there would only be 0.0156 ounce 

g per ton, or le than three-fifth of the above average of nine specim n . 

A mixture of galena and pyrite, al o separated from the ro k and 

a . ay d by its lf, ga' e 2.4 ounce Ag to the ton, or 0.00 23 per cent. From 
·Tabl III it is found that the eight specimen· of Pyritiferou Porphyry 

te ted have an average of 0.002025 per cent PbO in the oluble portion or 
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what may be assumed to have been in the form 'of uiphide. Thi would 
corre ·pond to 0.002277 per cent. of impure galena, assuming impure galena 
to bear the relation to PbO of eight to nine. If this galena carrie , 0.00 23 

per cent. Ag, as above, 0.002277 X 0.00823 = 0.0000177 per cent. Ag·, or 
0.0051 ounce to the ton, '-vould be the amount it contributed to the total 
silver contents of the rock. If this be added to the amount to be derived 
from pyrite, 0.0156 + 0.0051 = 0.0207 ounce, it i tillle s than the average, 
0.0265 ounce, given for the above average rock. 

But the te t for lead how that a con iderable portion i contained in 
the silicates (in the three specimens in which this test was made, about 
three-fifths of the whole amount); and, if the silver is a sumed to be ne 
arily a ociated with the lead in the rock, this would · amply account for 

the remaining 0.0058 ounce. 
Of the other porphyries the mo t significant are the Lincoln and the 

ra , which, as ha already been bown, are practically the same type of 
rock. Both have a much larger proportion of ba ic silicates than the White 
Porpb ry. Of the two the Gray i to outward appearance the more de-
ompo d, but in the Lincoln Porphyry micro copical xamination bow 

that alt ration of the ba ic ilicate ha already et in, and it i probable 
that th more decompo ~ed appearance of the Gray Porphyry is due to the 

action of mface water on the other con ·tituent , mainly the [eldspars. It 
i noti eable that the Lincoln Porphyry from Clinton gulch, w bich con­
tains the mo t . ilver, is the only one which contains pyrite; al o, that the 

others are from a region where there ha been a con iderable concentration 
of metal in ore deposits, which is not the ca e, so far as known, in Clinton 

gulch. 
With the exception of the Sacramento Porphyry the other rocks bn.Ye 

no apparent a· ociation with important ore deposits. It. is ignificent that 

the diorite given in Table IV contains augite1 bor~blende, and mica, 
whereas two other diorite assayed, and in which no silver was found, con­
tained a very small proportion of ba ic silicates. In the recent eruptive 
rocks there is al o an apparent relation between the amount of basic 
minerals and the contents in silver. In Nevadite, in which they are almost 
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enti rely wanting, no ilver was found, while the trachyte and and ite, 

which contain more of the e mineral than the Black Hill rhyolite, al · 

contain more silver. 
Although the above fact are not uffi iently con lu i e to afford ab­

solute proof that t.he metallic content of the depo it wer entir 1 d riv d 

from the eruptive rocks, they certainl how the po ibility and v n I r h­
ability that thi sourc~ furni hed a part at lea t of the vein mat rial . 

The actual percentage of metal found may eem very m~ll· on the 
other hand, it should be remembered that the amount of time a,nd of water 
allowable for the leaching proce s may have been almo t indefinitely large. 
The present porphyr · bodies, moreover, are of normo:1 extent a ompar d 

with the actual size of the depo it , while the amount of porph) ry that ha' 
been removed by ero ion ince the depo it w re fir. t made though it can­
n t b a,ccurately e timatecl, mu t have been v n larger. 

Possible contents of porphyry bodies.-ln order to hO"IY that ev n "1"1 ith the 

mall percentage given in the above tabl the po ible ont nt of 
the porphyry bodie are amply adequate to account for the a,mount of ore 
thu far developed in the di trict, a hypothetical calcu1::ttion will be made 
based on these percentages and on the probable bulk of one of the por­

phyry bodies, taking first the amount a 'umed to exi t no"' and second a 
con ervative estimate of the amount which exi ted at the time of original 
ore deposition, and before any of it had been removed by ero ion. For 
thi purpose the Pyritiferou Porphyry will be cho en, in ce a g r ater 
number of tests of thi rock have been made than of any other. 

The pre ent area of outcrop of the Pyritiferou Porphyry may be 

taken, in round numbers, as 5,000 X 10,000 feet= 50,000,000 square feet. 
If it is assumed t!1at it originally extended we tward to the foot of Car­
bonate Hill, north to the line of Yankee Hill, south to that of Printer Boy 
Hill, and but little beyond its present boundarie to the eastward, it would 
have covered a square area of 10,000X20,000=200,000,000 quare feet, 
or four times the assumed area of its present outcrop. '"rhe specific gravity 
of Pyritiferous Porphyry, obtained a an average of four specimens, is 
2.608. Therefore one ton (2,000 pounds) of this rock would occupy 12.27 

cubic feet; say 12~ for convenience of calculation. 
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Thi porph) ry is as umed to contain 4 per cent. of pyrite (Fe 2=4.00). 
From Table III, Appendix B, it content of protoxide of] ad, a an aY r­
age of the eight specimens te ted, i · 0.!;02025 p r cen t. in t.he olubl por­
tion; or, as, uming, from the proportion found in th in oluble I ortion of th 
three pecimen in which it wa t sted, that this repre ents onl) two-fifth 
of the entire lead cont nts, the average ontent of the whole r k would 
be Pb0=0.005062fi per cent. From T able I the average of ten p J­

men a ayed for ilver i found to be 0.2773 ounce per ton, or, r je tin o· 

the ri he t of the e ten pecimens a above the normal, th R v rage f th 
remaining nine pecimens is 0.0265 ounce silver per ton f Pyritiferou 

P rpbyry. 

The probable thickne s of the porphyry sheets it i rath r diffi ult to 
e tirnate. The ection as drawn give a maximum thickn s of about fifteen 
hundred feet, and an unknown tllickne ha b en erod .d ll.way. It ma · 
not be unrea onable to a ume 1,000 £ et a the aYerage thickn of tb 
original bod . _Fr m the above-a umed data would be obtained, a the 
contents of the pr nt and original area of Pyritiferou Porphyr ·,. re-

p ti' el , and on the ba i of the two different value for lead and ih·er 

g1Y n above, the following: 

I D In area of pres-
Content:! of Pyritiforona Porphyry. e ignalion. ent outcrop. 

I .A.mount of porphyry ........ .. .......... .. .... ~. ;ons .·.~ . ...... --4,-COO, 000,000 

Amount of pyri te,at4 percent ................... TonR............ 160,000, 000 I 

S nt 0.002025 per cent. PbO . -..... Tons ..... -.. .... , 675, 000 
.A.mouotof gal un.~ nt 0.00506~5 perc nt, PbO ...... Tons....... . .. .. 21,687, 750 I 

{ 
nt 0.0265 ounce per ton . . .. . . . . . On. oces .. .. .. . .. 106, 000, 000 

Amount of sil vor 1 j 
at 0. 2775 ouuco p er t oo . . . . . . . . Ounces ... - -.... 

1 
1, 109,000, 000 

In area of 
ns urn d origi­

nal body. 

16, 000, 000, 000 

640, 600, 000 

34,700, 000 

86. 751,000 

424, 000, 000 

4, 486, 000, 000 

rro obtain an actual average of the metallic content of thi or an 

other body of porph ry would have required a systematic sampling of the 

rock and the taking- of specimens at given and equal di tance , not only on 
its nrface but through it mas in depth, for the test already made how 
that the metals are not evenly distributed, but vary in an apparent.l) arbi­
trary manner. Such a ampling is manife tly not practicable, nor would 
the expenditure of labor and time required by it be advisable if it were, 
since in the present state of explorations in tbi region it i impo ible to 



584 GEOLOGY .A.r D MINING INDUS1RY OF LEAD ILLE. 

trace with any degree of certainty the processes of original ore depo ition. 
The most that could be hoped for was to indicate the pos ible method by 
which the deposition might have taken. place and to weigh the probabilities 
afforded by ascertained facts in favor of one or the other of the e method . 
The foregoing reasons seem to favor the probability that the ore may have 
been derived, in part at least, from one or more of the bodies of porphyry 
which occur in the region, and the above figures show that th mall per­
centages of the metals still existing in these rocks might furni h an ade­
quate a.mount of material to form the known ore bodies. 

The most uncertain element in all these calculations and hypothe. e is 
the form and extent of the porphyry bodies in depth beyond the limit of 
present explorations. The form given to these bodies in the ection i , a 
has already been stated, only hypothetical, though founded on deductions 
from m~ny a tual obsorvn.tions and iu a.ll probability correct in its main 
outline . Still it is probable that there are more vents or channels fi·om 
below through which the bodies have reached their pre ent po ition than 
are hown there, but their number and position can only be determined 
by actual exploration. It is possible that in future years, when mine 
workings shall have been extenued over areas where the ore horiz n 
exists at considerable depths below the smface and other eruptive char nel. 
have been found and critically examined, evidence may be obtained that 
ore solutions have ascended along these channels from below. Such evi­
dence will not, however, necessarily preclude the derivation of part of the 
metals from the country rocks, and at present that derivation is the only 
one which has the support of actual though somewhat indirect proof. 

Another element of uncertainty, and one which renders it difficult to 
decide from what particular variety of porphyry the metals of the d.epo its 
were derived, is the impossibility of determining the form and character of 
the porphyry bodies~ which have been removed by erosion, as they existed 
H.t the time of original ore deposition, and upon this point future explora­
tion will throw little or no light. 
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TABLES OF ANALYSES AND NOTES ON METHODS EMPLOYED. 

ERUPTIVE ROOK . 

TABLE I.-Compll"fe a.11alyscs of emptive 1·ocks and constituen t minerals. 

[Tho Col!. No. is tho munl>er given to the specimen in the collection of L ad ville rook s d po•it c<l in tho ' ntiona 
:Mnseum. j 

1-----11---,-2- _ 3 _ · __ 4-.-~~ --6- ~~---1--n- _~_o __ 1_1_ ~;. -~-~-
Sp. gr~v ·... 2. 680 . ....... j2. 629 2. 6t01 2. 636...... . . 2. t6S 2. 740 .. .. . . • . . .. . .. 2. 742 . . . . . . .. . . . . 3. 30i 
.At t emp. Of. 16° C.' ....... . 126° C. 160 C. 160 (.; . . . . . .. . 160 C. 160 C. l.. ...... .. .. .. .. 100 C. ~30 C. 

SiO. . • . . . . .. 70. 74~ 45. 03, 73. 50 66. 45 6 . 10 62. 22 56. 62 64. 81 74. 45 65. 04 .56. 19 51. 70 51. 16 50. o~ 
~~~:: : :: : : · ··~~:~,·}··3~.·~~~;~:~~ ~~:~~ 1~:~i-~~~--~~ ~, {··~~:;~ ~~:~~ ... ;~·;; .. ~;~:~r· ;~:; ; .. ;: ;r;:;~ 2.01 

~~~: : :::: : ~::j ..... ... l ~:!; ~::~ ~: ~ol. .... .... :::~ ~:~; · · ··~:~~ .:::::::1 ::: 1°·:1~;· .·~~ dl7. 1 
llinO . .. .... 0.06

1 
....... . o.oa 0.09 0.\19

1
.. .... .. 0. 15 o.os e0.2S . .. . .. .. , Trace o.ao1j 0.36 0. 12 

CnO ... . .. · . 4. 121 Trace 2.14 2. 90 3. 04 2. 95 7. 39 4. 22 0. 83 0. 79 6. 09 2. 87 3. 81 6. 70 

:! ~~' ;; !; ;; ~f. : ~ •••••••• ··~ ·~~~ • ~I : ~::. ;,~~,. ~ ,; ,. 
rc,:> . .. . . . . . 2. 59 9. 44 3. 5o 2. 89 2. 93 . 31 1. 97l 1.43 4. sa

1 
9. 74

1 
2. a·. lgJ lqi ....... . 

NatO . . . . . . . 2. 29
1 

0. 7lj 3. 46 3. 02

1 

3. 461 3. 451 3. 50 3, 9 I ~- 97

1 

4 l lo ~- 96 (g) (g) o. 27 

LhO . .. . . .. . 
1 

( I) .....•. T..... Trace . ... . . I Trace I (l) I) ~0~1 }j Trace Trace (g) (g) 
1 

H~~ .. :: :: ::· ~:~! .... ~ --~~~ .. ~--~ ~:~1 ~::J .. h~- ~0~ ~:~! ~:~l - · ~:~~ .... ~:~~ 1.03 (gl .(~) .. 
1

1. ::::::: 
P.o. . ....... . . . . .. .. .. . . .. .. .. . ... o. sol o. Jij

1 

. .... ... , Tra I o. 23! o. 01 . .. . . .. o. 27 I ..... ..... .. 
Cl ....... .. . Tmce j .... .. .. ,...... o.os

1 
0.03 . . .. ... .... ... 0.03 .. ..... . .. . ..... 0. 02 . ..... .... .. 1 .. . 

Total!! ... !Oo.29i~lloo.i211oo:oii1wo.Jij9iiiilloo.7311oo~5f!Oo:3s]Ioo.37j99.9o lOtJ.G4 loo.09j99.WI 
aVery little F e.O, present : FcO not detenninecl. 
bIn ludes trn e of Fe203. 

fA. little MgO pre ent . 
g W~tor ami alknlies not tested for . 

clnclu.d s a ny F •,o, pres nt. 
d 'alculnted fo·om tu FetOJ fo 11nu. 
eM nO,. 

h By i ~nitiou : want of mat er ial pre,· ented a seconu d . 
tCl'llliunti n. 

I. \Yhite Porphyry. Coll. _ro. 2i l>· O.uan·y in ~liforni a Gut h. sout!Jwc tslopo of Iron Hill , uenr LendviUo. Com­
vosed hiefly of quart z ort'uo la se, and plagioclase; no biotite or hornl>len,le ; little magnetite ; no apatite; feldsp~rs attacked ; 
musco,•ite and colcit sccondnr\'. 

2. Mu CO \• ito c rystals hom \Vhi to Porphyry. heot on south slope of Little Zion. .Aonly is only approximnto, 
being mnd to prov the mica to bo muscovite. 

3. Mount Zi u Poq>hyr.•. From Little H~rrv sboft, Pro pect M.ou.11t.1in. 
4. Lincoln J'orph yry. Col!. 'o. 75. • ummlt of Mount Lincoln , P ark County. Rook u orl .v fresh; cout~ins qunrtz. 

ort.hoolnso (lar;;o rsstnls), plng iocln , biotite; biotit portly ch:tnge!l to ohlorot , containin" rutil e (1) n~cdle ; some mng· 
nelito and apatite ; ca lcit . . 

5. Gray Poo pb yry. Col!. No. 59n. NcarOnotn claim, John ou Gulch, Leadville. Rock ne~rly fresh ; contoju quartz' 
orthocln•o (lnrg cryst<~lS), phHrioola•c, nud biotite. Details snUJ '' for 4. 

6. Lorge pink crvstnla of fel<ls J?nr fo·om Grny .l:'orpb_ny (No.5). CoiL No. 50a. 
7. l'orphyl'ito. oiL No. J26 (l~po V or rnhlo, sco App ndix A) . Near tho Northern T, i,.ht mine, Lower Bu ksl;jn 

gulch, T'nl'lt onioty; iutrush·e shee t. Gontnius nbuudnnt pln~:ioclaso und hornblende, nod little biotite; qunrtz nnd ortho· 
oln a t1 ) in e o·onudmnss . Mngnctito nud little npnt!t . 

8. r>o'l>hyrit . oiL No. 2GO. Trpo VI oftnble (seo Appendix AI. Rend of orth Fork or Mosq uito gulch , Park 
Count_v. Dike in .Archenn. Frc b. hluch biotit e not! plngi ocl~so; some qunr lz in go·ounclnHis . Very !itt! homblende, 
mugnelite, J)Hit e, npntito. 

9. N: ,·ndite. Coli. No. 397. 'orthenst point of Chalk Mounlniu, Too.JI.!ilo districl. Contain. s:onidin , pbgioclns , 
~nd qunrtz in nhundnuco; little biotite and mngu lite. 

10. , nnitliue from N v:td it e. Colt . No. 136. Soul hero edg ofChnlk :Mouutnin. 
11 . H_ypcrsth ne-nllllosi to. CoiL 'o. 144 . Buffalo P ~tks, Park ouuty. Very fo·esh. Plngiocl~so ~ml hypersthene 

nbumlunt ; ronsidernble nw:itc. ml\go tile, 1\flOtitc; gins b~ c. 
12. llyp rsth ne from hyper th ou - :~rul cs it . Coll. No. IH (eo 111. Tbe hyperstbenefortJ.Iisnnd the two following 

nnnlyses wns separated from Ui other con tituent of the rock by loydo·o6uorio ncid, ~s recommended by Fooqu6 in Snn· 
toriu ot sea 6rnptions. 

13. nm r.s 12, hut of n difi" root snmplo. 
H. Jiypors tb~ne fo·om hy p r theuo-nnd site. Colt. No. 150. Buffa lo Peak , Pnrk County. P"rticles of uncle om· 

posed fcld•rn•· were Yisibl ntlllcb 'd t.o the crystnls :\Dll frngmcuts of byporstlJonennnlyzed. 
59 



590 GEOLOGY A D II .LNG P1DOSTH.Y OF LEADVILLE. 

TABLE !I.-Silica and alkali cleterm inalions. 

Vari ety. 1- Locality. 

a2 

Porphyr y . MountZion . . ... . . , LittJe Harrysbt>f~, Pro pec~Mountain l 
~7p ... do . .. . . .... "\Vhite . ..... ... .. Quany. Califo~·uiagukh .. .... ..... . ·. 

:!10 . .. . do .. . . . .. . . . .. . do . .. . . . .. ... . . Auove Blun Ltrn tone, Dynr Mount. 
a in . 

urnntit of Uount Lincoln .... . .. . ... . 7G l .... do ·· · ·- · · - · L incoln . .. ....... . l 
5 . .. !lo · --- -· .... . .. do·--- - ·--·- . . ·1 Dike in eastern spur of Mount Lincoln 
6 74 . . do ... . . .. .. do . . .... · - ·- ··· El Paso mine, Clinton gulch ..... .... . 

ai I 59n .. . . do . . .. . . . . . Gray .... . . . ... ... Near OuotaClnim, .Johndongulch . ... . 
b8 . .•• .. . .• • . do . . . . . . . . . P yritifl}rou; ...... 

1 
White's gulch .... . _ . . . .... . .. . .. . ... . 

73. so 1 
70. 74 ' 

66. 5 1 

66. 4:i 

64·.16 

69.00 

68.10 

2. 91 
2. 42 

2. 93 

4. 62 

a. 4G 

2. 29 

3. 91 

3.15 

3. 45 

2. 91 

Nono 

Trace 

None 

9 103 . .. . !lo · ·· ·- · ·-· Green .. . ... . .. .. .. South bend of:Mo quito gulch ... .... . 65.05 ... ....... . .. .. ....... .. 
10 0 . . do . . --- .. - . . .. . do .. _- _ . . _ ... . . 

1 
Between Buckskin and l\Io quito 

gulchrs. 

II 05al .... do .. . .. ... . Mosquito .. . .... . 1 ' orth l\Io quito amphitheater ... .. .. . ) 68. 01 

bl2 ·-- ·8-~ 3·! .· .. -.d«oo ·.·.·-·.·- ·- ·. ·. · .. do . ...... . ..... ~ortb fa ce of:l>! ount Liucoln ..... ··· .: 
13 u Sacramento .... . .. 2\orth ofEastLeadville . ........ ... . 

1 
65. 0 

14 100a
1 
.... do ... th·erheels .... . . ·I ummit ofen<Jt ·ru pn•· of Mount ' iJ . 60.42 

I ,·erhe Is . 
bl5 r .... ..... do ... . .. . . . .. .. do . . .. .. . .... . . Mount ill·crh els .. .... ....... ... ... . 
"16 126 Porpbyr·ite .. Hornblend e . . . .... 1 ·outh \ <O il ofllu kskin g ulch ..... .. 66.62 

17 1 131 .. . . do ..... ..... .. . do ... . .. . ...... , Arkansas amphitheater......... . ... ; ;. 33 
1 .. .. . . . . .. do .... .. .. H orubl ende and Ten- llile amphith nter ..... .. . .... , 57. 76 

biotite. I 
10 I 132 .. do ........ . Hornbleud e . .... . . Xorth .llosq ui to amphitheai r ... . . . . . 54.54 

20 121 .. do ... .. . . :. . . do . . .. . . . .. . . . . Buckskin a mphitheatl}r . . . . . . . . . . . . . 65. 73 

a~ l I 260 . ... do ... ...... , Biotit~ ...... . ... .. North M o quit :uu pltithcato•· .. ... . . ~ 64 .80 

22 130 .. . . do ....... .. 

1 

. ... do ...... ....... Arimo as am p hit heater . .. .. .... .. .. 66.29 

~~ : ~~ . ~~~:~;~~ :::: : .. ~ --~:,;i·t~·. :: ·: : : ::1· CI;~;~0M~~~·t·n·i ;;:~~~~~~~-~~;~ ::::: ::: ~~: :~ 
a25 sn; .. do . . . . . . . . . . . do ...... . ..... ·I Northeast point of Chalk Mountain .. . 74.45 

20 i40 . .. olo . . . . . . . . Liparite... . ...... Southenl!·ntl of Dlack llill ... . .... . 
1 60. 54 

27 ~68 J . .. . do .... ... . . .... <lo . ..... ..... . . 1 South bank of Empire ~rulch .... .... ..1 68.05 

2~ j' . . 2.6-~._-, 1
' do . .. . .. ... ... . tlo . ..... · . ... . . Near Granite, Chaflc Couuty ...... .. 

1 
76. 4 

u , do . . . .. . . . bowing quartz .. Little E llen s:w ft. llcXulty g ulch . .. . 65. 75 

ao I 260a <lo ....... .. 1 Compact ..... .... . j ••••• . do · ··· ·· ...... . .... .............. j 65. 21 

~~ ........ . do . . ...... . · Tufa .. . . .. .... . . . ; Fi,·e mil ·~ below alt Works , South I 70.30 

j Park. 
142 Tr.tch)t . . . . Qua rtziferous .. .. Head of Little cion g ul ch ..... . ... Gl. 22 

4. 3G 

2. 57 

2. 70 

1. 97 

]. 43 

4.53 

4.26 ........ 

--~--~~ .1 : :: ::: : : 
4. 08 
3. 50 

3. 98 

3. 97 

None 

Trnco 

143 I ndcsite ..... . 1 Uornblen<le . ..... I Buffalo P ea ks, northwes t Peak ...... . 

149 1. - do ......... , Dncile..... ...... Buflillo P eaks, ceutral ampbitbent r .. 
I 

3~ 

33 

I 
34 

57. oo I· ....... ... .... . ... .... . 
a35 

ao 

·-
144 .. do .. . ... _.. H ypersthene . . -.. . Buffalo P eaks, north east apm· ....... . 

150 . .. . do . . .. ..... ..... do ..... . . ...... Buffalo ~caks, baseof middlo pcnk . ... , 

66. 50 2. 57 I 3. 87 None 

:: ~: i --·2·.~~ - 1 · ··~·-~~- ~ Non e 

a Complete a nnlysi• iu 'faul e I. b Analyzed by L. G. Eakins. 
N OTE.-Binuks in th e abo,-e tnule denote simply that note ts were made fo r the substa nce indicated. 
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TA.BLB lll.-DetenninationB of lead, :oi11c, cobalt, a11d bm·ium, chiejl yin rt:pt:r ,-ockB. 

Rock. Variety. Locality. 
PbO in ,. P bO in I J 
soluble insolu ble ZnO CoO 
porlioo. portion. 

27p Porphyry ... White ...... Qunr~y, California gulch ...... ...... .... 0. C030 , ..... . .... ............ --- ~ 0. 08 ! 
54b . .. . do .... ..... . do .. .. ... DtkomDollyVardonmine,MountBro 0.00~ ........ . ... .. .1. .. .. .. . ...... 1 
75 .. do ....... Lincoln ..... ummitof Mount Lincoln . .. ........... , Non e. !. .............. J ....... ...... l 
59n . ... do . ...... Gray ... . ... Onotn mine, .Tohnson gulch ...... . ...... 0. 0024 1 0. C034 .... . ... 1 ....... ·J---- --I 

5 .. do ....... En~lel~ver . F;e:s::r;:::.nt£1 Capitnu mine. Ton- . Trace. 
1 
.... .. .. . l ....... 1 

....... l ..... j 
6 56 I. ... do ...... _ I _ .. do .. .. .. . From shaft of E l Capitan mine, Ten- , Trnce. ,

1
...... .. . ...... J ....... 1

1 

__ ... . 
I _ 1 ncssce PRss. 1 

7 . ..... Lnncstono .. Bluo ........ Tw h·e feet below ore body , El npi - None ........ .. . .. .. . .. ........ 
1 
...... ! 

8 130 ~ Porphyrite .
1 

Biotite .. .... A:~:nm~~0~mphitheater ....... ... ....... Xoue. , ... .... ................. . , ...... ! 
9 124 .... dn . ... ... Hornblende Bartl It Mountain ........... ........ ... 0.0006 ... .... ..... .... . ..... . 

I I ond b io tite. 1 I , I I 
10 326 Poq byry . .. J::a-.leRi\·e r . ?>~ainf~rkofEngloRh·er ... . .............. .... ....... ..... 0.00 o o.OOil ...... • 
ll j 269a l Rhyobte . . .. l ........... .. , Ltttl Ell n sbnft,::UcN'lllLygulch . .. .. , .. ....... . .. . .... , 0.0043 0.0010 , .... .. 
12 OOa Porphyry... P_vritif rous Hartford mine, Breece Hill....... .. . .... 0. 0053 , ................ J.... .. .. .. .. 

!13 I 00 .. tlo . .. . .. . .. do . .. .. ·I ' Vhito's IIill. west of Pilot fault ........ o. 0013 ........... .. ..... : .. . ....... ... . 
i H 7 , ... do ... ...... do .. ..... White' Dtll,betwcrn i' rinterGirland 0.0013 0.0020 . ...... . ; ............ .. 

I Gold~n Edg<·. 

~: --~;~· . :: - ~~ : : ::::: :: ~~ . :::::: . ~~-l:i.~~· -~-i~l : ::::: : :::::::: :::::::::::: : . : ::: : :: :: ::::::: : :::::: ::1- ::::::. ~~;-.~~0 ,. 
17 .. .... . .. do . ..... . .. .do . .. .. .. Whit ·s l! iU, Meh·ino. tunuel . .. ...... .. Tnice . ....... .. . .... .. ...... .. . Trnco 
I . .... J . .. . tlo . .. ... .. .. do . . .. .. . U cnd of \I'!Jile's ~ulch . .. .. . . .......... 0. 0030 0. 003-1 ............... _I __ .... · 

1 10 ........ do ...... . .. . do ...... . Printer Bo,\' RilL ... .. ......... . .... .... 0. 0006 .. ....... . ......... .... .. 

1 

.. .... 1 
20 I 91a .... do ..... .. .. do ...... R bel \ Vnrrior mine, Bal11£ou nt~in .... 0. 0030 J. ........ . ...... .. ....... . ..... . 

I 21 
1 

04 .. do ....... 1 .. do . .. .. " ' edne day tnnucl, Ball hlountmn ...... 0. 0017 . ......... - ... , .. .. .. .. ...... . 
22 2 andslono .. .. •lo . . .. . .. 'now Bird claim, h nd California gulch .. 0. 00~6 . ........ ...... ......... .. j ..... . 
23 120 Pyri te .. .... Front P .nit- Lalla Rookh mine, Breece Hill .. . .. . .. . 0. 0019 .................. . ............ . 

! 24 17 
t 2J 217 

if T" 0 tl s 
l'orphsry. 

Oranit ..... Ar beau .... ro.rdc-u City sha ft1 CnlifOl'~lingulch .... , 2-fone . . .................•....... ······1 
.... flo ... .. . 1 . ... do . ...... N.:·thwc:~~P of Mosqtn w Peak .... . , 0. 000 j ... .. .... . J" .. .. .......... .... .. 

a Com plot annly is in '!'able I . 

N. B.-Thr- blnuk spnc uuder tb h eading~ PbO, etc., do not indicnl nb. nco of tho rrspecti<"O oxitlcs. Whcro no 
rcsull s nr·o l!i" n. no te st A w r mad . 

RE11fARic~ o T TABLES r, n, AND nr. 

ln .' olubl e ilicat s w r d compo ed b fu ing wit!J a lkalin e carbou ate for tll 
d te rmina tion of .· ilica, titalli acid, and all ba s except tll, alkalie . 

Ferric oxid and a lumin a. were cp a rated either by pure potas8ium L ·drate, or 
mor gen rail) by ammonium ulpbide, after addi t;ion of tart a ri c acid a,nd a mm onia. 

For t ll de terminatiou of ferron· oxid , treatm nt wi th nlphnric ac i<l in ealed 
tub a,t a uont 2000 C. ' as mplo,yed in ca e where com pl e te d co mpo. it.iou of tltc 
s ilicate could thus be fleeted, and the olution t itrated with pota inm permaugauat0. 
For th e decompo, itioo of refractory ili cate , pure hydrofluori a itl , distilled from 
a I latinnm r tort, wa employ cl, tile olution being effected iu pla.t.inum ' e. s I. witll 
careful exclu ion of air. 'l'h irou wa then determiued as :1bove. 
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Barium and trontium were looked for in the precipitated calcium ox:ala.te after 
ignition, and estimated by the method given by Bunsen in hi treatise on Mineral 
Water Analyse ; the purity of the resulting compounds of the o elements was ascer­
tained by mean of the spectra cope. 

When a rock was examined merely to ascertain th pre ence or ab nee of 
barium, a c~msiderable portion (10 grams) was decompo ed with hydrofluoric and ul­
pburic acid , the soluble salts were extracted with water after expul ion of th hydro­
fluoric and exce. of sulphuric acids, the re idue wa fu ed with odium carbonate, 
extracted with water, and the insoluble part collected on a filter. After olution in 
hydrochloric acid, the barium, if present, was thrown down with sulphuric acid, the 
precipitate ignited and weighed, and after decompo ition with sodium carbonate, te. ted 
spectroscopically .1 

For the estimation of the alkalic , decompo ition wa effected in the earli r anal­
y e · by hydrofluoric and sulphuric acid ; in the later by heatin"' in a platinum cruci ­
ble with calcium carbonate and ammonium chloride. The pota sium was thrown down, 
after weighing the mixed chloride , a pota ·ium-platinic chloride, and calculated from 
the weight of the latter, the odium bt>ing found by diffl:'rence. Lithium could never 
be detected pectroscopically in tb e pota ium -platinic ch loride, but o ca ionally in 
the odium alt. 

Chlorine wa determined by fu ing with alkalin carbonate, extracting with 
wat r, acidifying the filtrate with nitric acid, and precipitating with ilver nitrate. 

Pho phoru pentoxide wa alway determined in a eparate portion of tile pow­
der, and water by ignition in a hard gla s tube and absorption in a w ighed calcium 
ch1oride tube. The lo in weight by treatment with acid in a suitable apparatus gave 
the carbon dioxid . 

For the detection and e timation of lead, large quantitie (30- 50 gram ) w re 
employed. Pyrite and other oluble salt were fir t, xtracted with nitric or ni!ro­
bydrochloric acid; the filtrate, together with copiou wa ·bing , evaporated nearly to 
drynes everal time with nitric acid; the residue _dige ted with dilute nitric acid, 
and the solution and undi solved matter eparated by filtration. s the in oluble 
part might contain a trace of 1 ad sulphate, a warm ammoniacal olution of ammouium 
tartrate wa pa ed repeatedly through the filter, and to the filtrate am ruouium ul­
phide added. Through the previous nitric acid solution a trong current of llydrogen 
sulphide ga wa pa .ed for a considerable length of time, the precipitate, mainly ul­
pbur from reduction of iron alt , collected on a filter, w ll wa heu, dried, aud ignited 
gently with the filter paper to volati lize the sulphur. A few drop of nitric acid were 
then added, and beat wa applied to dissolve tile lead, mo tly reduced to the metal­
lic tate by tile carbon of the filter paper. The olution was filtered onto a watcb­
gla , ·: and to thi was added the nitric-acid solution of any lead ulpbide that might 

• Later investiga,tion by the writer seems to indicate that baryta may be 11. far more frequent coo­
stitueot of eruptive rocks than bas hitherto b en suppo etl . The failure to detect it in the igni ted cal­
cium oxa1ate, where it is u ually looked for, cannot be regarded a a proof of it absence from the erup­
ti,·o rock xamined. Experience in a number of cases bas bown t hat where baryta and lime are in 
solut ion in as hi gh a proportiou as l ·of the former to 4 or 5 of the latter, in pre once of considerable 
ammonium chloride, an almost complete separation of tbe two is effected by double precipitation of the 
limo by ammonium oxalate. The solubility of b<uium oxalate appears to be increased by the presence 
of magoesium alts. An ordinary Rpcctroscope repeatedly failed to show the faiilte t vid nee of baricm 
in tl1o iguite(l calcium oxalate. '!'his object will be more fnlly investigated. (W. F. H.) 
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have appeared in the ammonium tartrate solution above mentioned. As a trace of 
lead sulphate might have been formetl by the i~tnition of the precipitate by hydrogen 
sulphide and have escaped solution in tile nitric acid added, the residue on the filter 
was exhausted with ammonium tartrate and tested with ammonium sulphide. The 
contents of tile watch-glass were then evaporated with two or three drops of sulpburic 
acid, and finally gently heated to expel uitric acid. If lead was present it could now 
invariably be seen at the center as white powder. This was collected on the smallest 
possible filter, washed with alcohol, dried, ignited, an<l weighed as sulphate. The 
latter was then scraped a far as possible on cllarcoal, and carefully reduced with a 
very little soda. The yellow coating of lead oxi1le was invariauly formed, and in tile 
so<la. appeared minute metallic buttons, malleabl~ and solul.>le in nitric acid. The 
solution, concentrated to a drop or two, silowed a bluisil-black precipitate witil hydro ­
gen 1:mJphide. 

The portion of the rock insoluble in nitric or nitrohydrochloric acid , composed 
of quartz and silicates, was decomposed witil hydrofluoric <tnd sulplJUric acids purified 
by distillation from a platinum retort, and dissolved in sligiltly acidified water, after 
expulsion of the hydrofluoric and excess of sulphuric acids. Solution and possible 
residue w,ere then treated. as iu the foregoing for the separation and estimation of lead. 

For the estimation of zinc and cobalt, large quantities (30 grains) were taken 
and decompo ition wa effected by hydrofluoric acid. After evaporating with sulphuric 
acid and igniting to expel the (lxcess of the latter, solution was effected in hot water 
slightly acidified; the olution saturated with hydrogen-sulphidA; from the filtrate, 
after oxidation, alumina and iron tllrown down by ammonia; the precipitate redis­
solved in hydroclllolic acid after filtration, an<l reprecipitated. This being repeated 
once more, tile combined filtrates were evaporate1l to a moderate volume; the alumina 
still in olution was thrown down while boiling by ammonia, and this precipitate redis­
sohred a.nd reprccipitated. To the agaiu comuined filtrates ammonium ulphide was 
ad<led to throw down zinc, mangane e, coualt-, and nickel, if present; the precipitate 
was treated on the filter with a mixture of one part 1-iytlrochloric acid of 1.12 sp. gr. 
autl six parts olutiou of hydrogen sulphide. The zinc a.u<l manganese in solution 
wer thrown dowu again by ammonium sulphide, the mangauese (being present in nry 
small quantity) extracterl by dilute acetic acid, while the zinc sulphide on the filter 
wa then brought into a weighed platinum crucible by means of hydrocllloric acid, 
e,·aporated to dryness, and ignited with mercuric oxide in the manner recommended 
by Volilard. The oxide, after weighing, gave the cllaracteristic green coloration on 
i<Tuitiug with cobalt uitrate. Tile cobalt sulphide left on the filter after extraction 
of zinc and manganese was ignited with the filter, dige ted with nitrollytlroclllor;c 
:~ci1l; the solution rendered alkaline witll ammonia; ammonium carbonate adtletl; tile 
~Jigilt precipitate separated by filtration and the cobalt thrown down by pota~sium 
hydrate. Tile ignited oxide teste<l by the method of Jorisseu sho"~ed no trace of nickel. 

MON XII--38 
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TABLE !V.-Gold and silver detenninations. 

Coli. Silver, 
percentage. 

ilver , Gold , 
No. No. Formation. L ocality. ounces per onnc a per 

ton . ton. 

- --
53 

2 44a 
4 1\ 

451> 
5 
0 44 

7 46 

8 ...... 
9 47 

10 Ma 

ll 5-11> 

112 72 

1 13 74 
14 75a 
15 75a 

16 78 

17 25l a. 

18 59:. 

a lO 59 a 
20 60c 

21 84 
22 OS 

23 90h 

White Porphyry . . ... . Buckskin nmphitheatRr, debris slope . ... . . . . ... . 0. 900,024,0 0. 007 
.... . . do .. . ... ......... " H orseshoe," outh wnll ... ...... .... .. ........ .............. None .. .. . 
..... do .. . .... ........ Sou th base ot White Ridge .. .. ... ...... .. ... .... .. ........ ..... do ..... . 
.. .. do ..... ... ....... l:;ummit of White Ridge .. .... .. ....... . .... ............ .... ... .. do .... .. 

...... uo ....... .. .... Four-Milt> gulch ........... ..... ............ .. .. .... .......... ... do ..... . 

.... .. do.............. R end Four-Milo gul ·h ............ .... .. .. ...... .............. .. . do .... .. 

...... do ..... .......... We•t. end of Lamb Mountain., ...... .. ... ...... ...... ........... do ..... . 

.. .. .. do .. .. ..... ..... Northwest slope of beep Mountain ....... ... .... .... .. ........ do . ... .. 

...... do . ................... do .. ...... .. .. ....... .. .. .. .. . ... .. ...... ....... ..... .... .. do .. .. .. 
.... do . ....... ....... Dolly Vn : den mine, west d1ke.. ..... .... ........ 0. 001,269 0. 97 

.... .. do ..... .... .... .. Dolly Vardon mine, cas t dike...... ...... .. .. .. 0. 900, '81 0.14 
Lincoln Porphyry ... . 
.. .... do . ............ .. 
...... do .. ........ ... .. 
.. .... do .. .... ..... .. . 

Arkansas Valley, cast side, nbo.-e Howland . . ... .... . ... . .... . 

Clinton gulch .. . . ... ......... . .......... .... .. -·1 0. 000, 155 
Mount Lincoln summit .. . ... .... .. .. . .. .. .. .. . 0. 000,034 
Mount Lincoln summit, d ifl'e reut specimen from 0. 000,024 

nbo.-e . 
.. .. do .......... .. . .. Mount Lin <1oln , dik e on south foce .............. , 0. COO, 017, 1 

. ... .. <lo .. .. .. .. .. .. .. . Enst sp ur M ount Lincoln . .. .. ....... ...... .... . .......... .. . 
Gray Porphyry .. .. .. . Onota shaft, JohnSf)D gulch ..... .. .. .. .. .. .. .. .. , 0. 000,034, a 

. ..... do . .... ... .... ... North ofOootashaft .. .. ........... . .. . ........ aO. 000 117 

.... .. do .. .. .. . .. .. .. .. Licksrumdidrix bore-hole, L ittle tray Horso I 0. ooo: 137 

~~ I Sacramento Porphyry . Between Sncramentn nod P•nnsyh·anin gulches. 
Green P orph yry ... .. . I Mosquito gulch, north wall ....... ...... ...... .. 
Pyri tiferons Porphyry Shnft w st of Tribune, Breece RilL ............ . 

0. 900, 034. 3 
0. 000, 017, 1 

0. 008, 68 

None .. ... 
0. 045 
o. 01 
0. 007 

0.005 
Trace ..... 

0. 01 
0.0 10 
0.040 

0. 01 
0.005 
2. 533 

24 90e .. .... dn .. .. .. . .. .. .. .. Hart ford shaft, Breece Hill .. . .. .. .. .. .. .. .. .. .. 0. 000, 275 0. 08 
25 88 ...... do ... ............ ' Montana •haft, Breece lid!.......... . .. .. .. .. .. 0. 000, 045 0. 013 
26 Galena and p yrite . ... I Son t b of Ace of Hearts, Breece HilL....... . .... 0. oo~. 23 2. 400 
~7 249 Pyrite ......... : .. .... 

1 
Shaft west of Ohio Bonnnzol, Breece Hill . .. .. . .. 0. 001, 34 0. 390 

28 P yritiferons P orphyry South fork of White's ~;ul rh . .... ......... ...... 0. 000,113 0. 033 
29 .... .. .. .... do .. ... ........ .'. , Comstock T unnel, Whit e's H ilL .. .. ... .. .. ... . o. 900,113 0. 033 
30 1 .. .... .. .... do .. ...... ....... W est of Pilot fanl t., Whi te's HilL..... .. ....... 0. 000, 103 0. 030 
31 I 90o ...... do ... .. . .. .... . .. H ead of White's gukh .. .. .. . .. .. .. . .. .. .. .. .. . None . ...... None ..... 

33~3. ~ .. 
9

-

3
-b. .. .... do .. .. .. .. . .... .. Abo.-o P ilot min~. Printer Boy Hill . ... .. .. .. .. 0. 000, 034, 3 0. 01 

.. .. .. do .. .. .. .... ... .. Above Oro City, sou th side of California gulch .. 0. 000, 054, 8 0. 016 
3! 94a ..... do ... ........... . R bel Warrior shaft, Ball Mountain ...... . .. .. . 0. 000,079, 1 0. 023 
35 118 Diorite . .... ......... Red amphitheater, Buckskin gulch .. . ....... . .. 0. 000, 013, 7 0. 004 
30 12-1 Porphyrite.. .. .... ... Bartlett Mountain, near snmmit . .. .. .. .. .. ..... 0. 000, 192, s 0. 056 
37 ll9b ...... do . .... .. .... .... Buckskin amphitheater, debris slope. .... ...... 0. 000,048 0. 014 
38 121 ..... do . ... .. ............... do ......... ..... ... ......... ......... .. .. ...... ..... .. . .. Trace (1) .. 

39 266 ...... do ....... .. ...... " Horseshoe" dike in lime• tone ... ............. . .... ............ do .... .. 
40 120 ..... . do . .. .. . .. .... . .. .Arkansas amphitheater .. . .. ...... .... ; ........ 0. 000, 017, 1 0. 005 

41 I 131 .. . .. do ... .......... ........ do .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. . .. .. 0. 000, 006, 8 0. 002 
42 140 RhyoUto . .. . .... .. .. .. Black Hill, South Park . . .. . . .. . . . .. . .. .. ... . . .. 0. 000, 068,7 0. 020 
43 142 Trachyte .. .. .. .. .. .. . Heat! of Un ion gulch.. .... ...... ....... ........ . 0. 900, 092, 8 0. 027 

4-1
45

1· 1·43·· ·· HG· ro.~~~~tele·u·d·o···l\·o·d··es· .it·e· .·. West slope of Buffalo Peaks .. .... .... .......... 0. 000, 103 0. 030 
. ~ Big Evans g ulch ...... . .... ... . .................... .. ........ None .. .. . 

46 ........ .. .. do ............... Yankee H ill, south of Logan shaft ........ ... .... ....... ..... .. . do ..... . 

a Complete analysis oftbls speci men in Tnblo r . 

None 
Do . 
Do. 
Do. 
Do . 
Do . 
Do. 
D o . 
Do. 

(I) 

(I ) 

None 
Do . 
Do. 
Do . 

Do. 
D o. 

Do. 
Tra o 
None 

Do. 
Do. 
Do. 

Trnco 
Do. 

0.033 
0.130 

(1) 

(!) 

Trnco 
None 

Do . 

(II 

None 
Do. 
Do. 
Do. 
Do . 

• Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do . 
Do. 
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REliiARKS ON TABLE IV. 

For thee timat.ion of such extremely small quantities of ilvcr an<l gol<l a it was 
snppo ed soruo of the eruptive rocks from the Leadville region might contain, and 
enn for their tletectiou alone, a most extreme degree of care a.n<l precaution was 
impera ti ve. It beiug necessary to operate npon large quantitie of material, it wa 
decidetl to make the determinations by crucible a sa.v, this process combining the 
greatest accuracy with the lea t expen<liture of time. It was found, however, after a 
nutober of te ts, tbat none of the lead or litharge obtainable ~as ufficiently fre from 
sil,cr for t he pre ·eut purpose. The ilver contained in the lead or litharge used for 
an as ay was generally o largely in excess of that in the powdered rock mixed with 
it that the prill of il•er obtained from the regular a ay upon rock known to contain 
silver and from a check a ay upon the lead or litllarge alone frequently differed in 
weigllt only within tlle a llowable limit of error. Recour e \\aS then had to lead 
acetate, of wllich everallot were examined. Tilese were all fouud much freer from 
ilver than either of the nbsta r·ces previou ly te ted, and one lot of commercial acetate 

from fallinckrodt & Co., of Saint Louis, Mo., was used for all the as ays tabulated 
aboYe. 

Prer aratory to using, it was dehydrated by fn ing in a large iron ves el till 
udd n welling up and olidification of tlle whole rna took place, and then finely 

pul\ rized. Thi mat rial, containing about 73 per ceut. of lead by a ~Ly, wa found 
by repeated le t , conducted, a given below, upon the same amount a u ed for tlle 
rock a say , to carry 0.00± ounce sil•er per ton of ., 000 pounds, or 0.0000137 per cent., 
in ludinO' a trace of gol<l far too mall fore t im ation. The la tter wa left on solution 
of the ih·er in nitric acid as a minute black p ck iutli ·t.inguishable without the ai<l 
of a len . By collectin g in to one bu tton the ih·er from 500 to 600 grams of dehy­
drated lead acetate, parting wltll great care, bringing tlle gold upon a beet of wilite 
writing paper and flattening it out with a. knife bla<le, t he yellow reflection of gold 
could read ily be observed by examination with a len , , and sometime with the uaked 
eye. 

Tbe proce s of a ay wa a follow : Four Hes ian crucibles, of uitable ize, 
w r each charged with one a ay ton (29, 166 milligram ) of the ample to be a ayed. 
t~ro and one·ha.lf a ay tons of the dehydrated lead aceta te, and a proportionate 
a,monnt of a flux consisting of oda borax, and a little argol. After mixing well, a 
layer of alt wa placed on top, and, if much pyrite was pre ent, an iron nail inserted, 
The fonr charged crucible were then placeJ covered in a wind furnace fired by coke, 
and left, with proper regulation and fina l strong increase of temperature, t ill fu sion 
wa complete. The contents were then poured into mold the lead reguli, weiglliug 
each about 55 grams, reduced by scorification in a. muffle to n smaller ize, the reduced 
reguli united two and two and rescorified, and tile two resulting therefrom agaiu 
united and reduced by cor.ification to a single button of suitable ize for cupellation. 
Toward the end of cupellation, wllicb was always conducted witil the greate t care 
and, as nearly a po · ible, under tlle same conditions of temperature for each as ay, 
the bntton was poured from its cupel into another one immediately behind. the fit"'t, 
in order that the cupellation might be fini bed upon a mooth bottom. If thi precnu­
tion was neglected , the si lver button was occasionally uot to be found in the roughened 
surface of the cupel. A.fter a. little experience, uo los nee<l be apprehended in pour-
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ing from one cupel to the other. The silver was then weighed upon an Oertling 
assay balance, indicating a diflerence in weigilt of 0.02 milligram with great exactne ·s 
and of 0.01 milligmm with tolerable accuracy. After deducting from the weigilt of 
silver found that due to the lead acetate, wilicil, where ten a ~Ly tons had been U!:i d, 
would be 0.04 milligram, divi ion of the remainder, if any, by the number of a ay 
tons of rock taken gave directly the contents in ounces and decimal fractions of an 
ounce troy per ton of 2,000 pounds avoirdupois, since 29,166.6 ounces troy make one 
ton of 2,000 pounds avoirdupois and an assay .ton contain ~9,166.6 milligrams. The 
sih-er was then . di!:isolved in nitric acid, but the presence of a trace of gold, derived 
fwm the lead acetate, rendered th(' detection of gold from the rock impossible, nnles 
its amount considerably exceeded that of the lead salt. An example will best show 
the degree of accuracy attainable. Suppo e rock and lead acetate to have been taken 
in the u ual amounts: Four assay tons (116.66 grams) of the former to ten a ay ton 
(291.66 gra,ms) of the latter, and the final silver button to weigh 0.06 milligram. 
From this is to be deducted 0.04 milligram, and the remainder divided by 4, tile 
number of assay tons of rock tested, givrs 0.005 ounce per ton a the accurate re ult. 
Had tho weigilt been 0.05 milligram, the correctness of there ult, 0.0025 ounce, might 
be more open to doubt, as the b~Jance cannot be counted upon to indicate difference.:~ 

of only 0.01 milligram with certainty. Hence, for tho above quantities of sample and 
lead acetate, 0.005 ounce per ton is about the limit of accuracy. 

There will-be noticed in the table occasional instances-; notably in No. 41, where 
lower figures are given. In these cases the amount of rock assayed bad been incrf:a ed 
witilout at the same time increasing the lead acetate. Iu the ca e of No. 41 it was 
impossible to decide from 4 as ay ton whether silver wa pre ent or not, though the 
weight seemed to slightly exceed 0.04 milligram. By doul>ling tile amount of sample 
and using still only ten as ay tons of lead acetate, the weigilt of the silver en ibly 
increased, thu showing beyond reasonable doubt that t be rock wa argeutiferou . It 
did not appear advisable, however, as a rule, to reduce the proportion between the 
weights of sample and lead acetate much below 4 : 10 for fear the reduced lead might 
not be ufficient to extract and collect tile silver entirely. 

LIMESTO E. 

TADLE V.-Compl~; te analyses. Dolomitic limestones. 

- -
CaO ! MgO MnO IFeO! co, SiO. A i>Ol F e.Oll K.O Na.OIH.O SOs P.O• i~-I-I Org. FeS2 ~ 

J . . . 26.60 111. 41 .. . . .. 
1
o. 83 (0. ~1 11. 84 I. 66 J. 51 Jo. 017 0. 029 

1
o. 48 ... .. Tracy. 05 Trace a ..... .... . . 100.436 

n ... 30.79 ? 1.14 ITrace
1
o. 24 46.64 0. 21 0. 27 0. 21 

1
o. 030 0. 062 t 22 Trace Trace 0. 10 .. ..... ,0. 03 Trace

1 
~~0. 14'2 

-a 0.000, 022, o per ceo t. 

I . T ype of tho Silurian or Whlte Limestone. Coil. No. 164. From quarry in California guloh. 
II. Type of tbe Lower Carboniferous or Blue Limestone. Coli. No. 170. Silver Wave claim, Iron Hill. 
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REMARKS ON TABLE V. 

The carbon dioxide and the water of the n.hove analyses were estimated as in 
the case of the ernptive rocks; the one by loss in weight upon treatment with hydro· 

· cb loric acid in a suitable apparatus, the other by absorption in a caJcinm chloride 
tube. 

The organic matter of Analysis II was determined by an ordinary combu tion 
analysis, after dis olviog a considerable quantity of the rock in dilnte byc:lrocbloric 
acid and collecting and drying the in oluble matter upon an asbestus filter. The car­
bon dioxide formed was caught in potash bulb nnd weighed. For 58 parts of carbon 
found, 100 pat·ts of organic matter were a sumed, as recommendec:l by Fre eniu . 

The trace of iodine shown in Analysis I wa detected and e timated b:y dissolv­
ing one pound of the dolomite in nitric acid, precipitating tile chlorine and iodine as 
ilver alts, reducing the latter by zinc and sulphuric acid, eparating the iodin' by 

audition of potas ium nitrite, collecting it in carbon eli ulphide, and titrating with a 
dilute solution of sodium hyposulphite. Bromine could uot be detected. The chlorine 
was determined on from five to ten grams of rock by precipitation with si lver uitrate 
from a nitric acid olution . 

The alkalies were estimateu by igniting tweuty grams of the finely powdet·ed 
rock in mall portion in a. platinum crucible to expel carbon dioxide, extracting wit-h 
water and proceediuo- a in ordinary alkali determination . .As the amouuts of alka­
lie found <lid not exceed tho e reqttired by the cll lorine to form chlorides, but rather 
fell liabtly below, due perhap to pa,rtial volatilization dtuing the preliminary calci­
nation, it eem proba,ble that the chlorine is combined with sodium :wd potassium, 
anti] o ibly mall qua.ntitiP. · of calcium a.ncl ruagne inm. , 

It was found that by boiling the powder with water without pre·\ious calcination 
a portion of the chlorine and alkali could be extracted, and that the amount increased 
a the pulv rization wa more perfect. Tl.le total amount of ch lorine thus capable of 
extraction ne\er equaled that a<.:tually pre ent in the rock, howc·ver. Micro copical ex­
amination bowed thl:l dolomites to be full of extremely miuute fluid inclusions. If the 
cll loriue wa derived from these inclusions, where it might be hell! u.s sodium and po­
ta ium chloride , a r ady explanation is afforded for the incomplete extractibility of 
the ch lorine by boiling water. By no mechanical pulverization could such a perfect 
ubdivi ion of the particle be effected a-s to expose all the inclusions; a considerable 

proportion woulll still remain intact and retain a corresponding amount of chlorine. 



v 

598 GEOLOGY AND l\lThTING l DUSTRY OF LEAD ILLE. 

TAnLE VI.-Lime, 1J:aonesia, a1:d cillol"ine clderminat-ion s. 

No I Coli. 
· No. Horizon. 

~~~Cambrian . . . . .. . . 
2 153c . ... do . .... ....... . 

3 153a Silurian ....... .. . . 

b4 104 .. . do ....... .' .... . 
5 . .... ..... do . .. ... . . ... . . 

L ocaliLy. 

Below Excelsior min~, Buckskin gulch .. .. ....... . . . . 
Monte Cl'isto Ridge, QuaudHry P eak ... ..... . . ....... . 

Dyer Mountain, mnrhlei zed bed ... . ................ . . 

Quarry in Californin gulch ...... . .. ...... ....... . .... . 

B elow Dyer Mine, Dyer Mountain (light blue, com-
pact) . 

. . do . . .. ... .. .... B elo,.,. Dyer mine, Dyer Mountain (pink ish, decom-
posed). 

6 

caco, 

25. 43 

46.05 

53.10 
47.50 

36.27 

34.30 

7 16~ ... do . . . . . . . . . . . . . Rod amphitheater, Buckskin gulch. ......... ..... .. . . 49.30 

bS 170 Blue Limestone. . . Sih-er Wnvo claim, lron Hill . . . . . ... . . . . . . . . . . . .. . . . 54.98 

9 ~ u . .. . do . . . . . . . . . . . . . Dunkin mine, F ryer nill (lime-sand). ......... . . . . .... 55. 14 

' 

aM:: co, 

4. 03 

86. 71 

43. 43 

36.56 

21.73 

20.12 

32.49 

44.39 

44. 29 

Cl 

Trace 

Do. 

Do. 

0. 05 

T race 

D o. 

Do. 

0.10 

10 285 
1 

.. do . . . . . . . . . . . . . Chrysolite mine, F•·yer llill (lime-sand).. . .. . . . . . . . . . . 54. 09 43. 79 

Trac 
Do. 
Do. 

Do. 

Do. 

Do. 

liOll . . _ do _ .. . .. . . .. . .. Empire Hill. . ..... . .. .. . . . . ...... ... . . . . . ......... . --· . . ... . 
5
.
6
-.-

8
-
0 
.. · ·· ---

4
-
1
-.-

8

-
9
-- ./ 

170n . . clo . . . . . . . . . . . . . Ridge south of acrameuto mine .......... . . . . .. . . .. . . 
11 

12 

13 171ll1 . .. . do .... .. . ...... Sacramento mine, Spring Valley ..... ....... . . . ... . . . . 

a 1i4 · .... do . • . . ... . .. . . . South slope of White Ri tl ;::e, :EJ;orsesboc g ulch . . .. .. .. . 

15 ....... .. . do . .... . . ... ... Lonuon mine, London Mountain .. . .......... ... . .. .. . 

16 291 Weller Grits... . .. T:.hlge west of Morrnt Sil'" rheels, Park County ... ... . 

17 197 .. . . do . . . . . . . ... . East bank of Beaver Creek .... . .. .... ... .......... . 

18 292 - · . . do . . . .......... Be~'"er Creek, west b""e of .Moun.t il'"erbeels . ...... . 
19 . . . . . Upper Coal Mea.s· Rollinson lime tone, luwor bed . ... ....... . ......... . . 

ure. 
29 1 .......... do . . . . . . . . . . . . . Robinson limestone, upper bed . .... .. . ... . . . ... .. ... . 

21 198 j Trias .. . ..... . . . .. (Con. fracture)Silverbeels, betweenFnirplayandComo 

22 19 a

1 

. . . do . . ........... (Con. fracture) first ridge west of Crooked Creek .... . 

23 416 .... do . . . . . . . ... ... (Con. fracture) Jacque Mountain, ncar sum~it . ..... . 
24 . • . • • . Tr•as !. . . . . . . . . . . . Calcareous shale, near flume uorthea.sG of Fau-play . . . . 

25 ......... . do ..... . . . . ......... <lo ....... .. .. ... . .... ... ... . .. .............. . ... . 

26 . .... ·I Lake beds . . . . . . . . Marl from Greenback shaft, Graham P ark . . . . . . . . . . 

54.30 

52.77 

52. 86 

54.31 
54.32 
~3 . 91 

87. 87 

97.11 

95.78 

99.11 
97.54 

16.18 

34.84 
48.63 

44.33 

36.01 

40.49 

43. 8~ ;;-···;;~~~-

43. 24 v Do. 
43.73 

6. 93 ~~:: : :::::: 
Trace ... . ~--··· .... . . 

J. 53 .r. 0 0 0 0 • •• 0 0 0 

o. so l:!: -·· ..... 
0. 76 _t(_ . 0 0. 0 0 0 0 0 

12.01 
26.35 

l. 42 

a Includes (FelluJCOa. bCompleto analysis iu T able V . 

N. B.-Blank spaces iu above tnble denot that no tests w re mad . 

REMARKS ON TABLE VI. 

The above figures for calcium and magne ium carbonates have been calculated 
.from tlle lime and magnesia actually fount!. Witll exception of two number indica ted 
by b, t he chlorine wa determined only qualitatively and noted as "trace," although 
generally pre-eot in quantity tlfficient fo,r estimation. 

TAnLE VII.- eJ"jJCntine and mnphibole fro?lt dolomitic limestones. 

No. I ~~~ I SiO• Ah03 Fe203 FeO MoO ~~~ MgO . K20 Na,o rr.o co •. P.o. ~~ Total. 

- -----
-I-~=40. 15 0. 93 1.~8 1.05 .... . . 2. 08 40. 03 ·---- · ·- -·- · a12. 88 J. 60 Trnce

1 
.. ... 160. 00 

II 101 17.64 0. 99 o. 62 0.18 Trace 32. 24 19. Ol Tra~e 0. 07 s. 72 25.33 

-~:~~ -r~~ -
99. 93 

ill l l61n 55.21 2. 02 0.38 3. 19 0. 20 13.50 23.20 ·----· Trace l. 07 98. 97 

ally difference. 

I. d. layer of pure serp utine on limestone f1·om east side of Hod Amphitheater, Buck skin gulch, Pa•·k County. 
n . Limestone tLorou:;hly impref!Untecl with •erpentine, producing a light-yellow rock. No pyroxene or amphibole 

visible unuer the microscope. Same locality. 
Ill. d.wpbibole with •omo py.-oxoue from limestone containing serpentine. Same locality. 

• 
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REMARKS 0~ TAllLE VII. 

In conn ection with the serpentine of Am1ly is I , i t was found by lreatw nL of 
th e powdered rock witiJ ,·ery dilute hydrochloric acitl th <:l t tb a rbon dioxide was 
combin ed entirely witiJ lim e. 'rhat the rock is a true erpentin c appear · from a cal­
cul a tion of the oxy gen ratios. 

Ox:n;en percent ag s. 

SiO. = 21.413 

FeO = 0.233} 16_245 
MgO = 16.012 

Oxyg o m tios. I 

rr,o = 11.44 9 

RO(FeOll:;O) : SiOt : H.O 

1 1 : 1.318: 0.705 

3, 3.95 , 2.11 I 
Required b y theory 3 : 4 : 2 

Analysis II, after deducting calcium carbonate, shows the residue to have a com­
position approximating to tiJat of serpentine. 

The mineral of which III is the analy · is wa obtained in an app:wently pure state 
by trea tment with dilnte hydrochloric acid, whereby Hi-2- per cent. of the whole went 
into tiOlution and was found to consist chiefly of calcium carbonate , with a little mag-
ne ia, ferrous oxide, and pbo phoru pentoxide. · 

ORE D VEIN M TERIAL 
TABLE VIII.- 011d ca1·bo11ale8. 

I . II. m . 
---------------1-------1 

Adelaid . Little Cb.iof. Waterloo. 

PbO ... . . ......... . . 
AhO .. . .. ... . . . .. . .. 
Fe.O . . .. .. . . .. .. .. .. 
F eO ... ..... .... . .. 
:uno ..... . ... ... .. .. 

80. 352 

0: 444 

0. 467 

0. 299 

0. 137 

Muo .. . . . .. . . . ... . .. . .. . .. . . . . ... . 
CoO .. ..... ... . ..... Tm cc 
ZnO .. .... .. ... .. ... ... ...... .. .. . 
CnO ...... ...... .... 0. 303 
MgO.... .. ..... ..... 0.068 

SiO• .. ...... . .. . ... . o. o;; t 
su.o .... .... .. .. ...... ... ... .. . .. 
Ast01 . .. . . ...... .. .. 

P.o . .... .... ....... . 
so . ... .......... ... . 
co. ... .. ........ .. .. 
Cl . . . . .. .. ..... .... . 
H.O . ... . ......... .. 
A g ......... .. .... .. 
Au .... .... . .. .... .. 

'l'ruco 
J. 532 

1-'race 
14. 700 

0. 255 
0. 395 
0. 009 

Trace 

75. 408 

J. 415 

1. 9-tO 

0. 074 

J. 3 6 

Trace 
0. 095 

0. 335 
0. 056 

1. Yi2 
0. 1 ~ 1 

Trace 
Trace 
0. 480 

77. 9 0 

6.480 

14. 251 10. 1 0 

0. 288 _..,. t E40 
1.140 .. .... .. .. .. . 
0. 77 7 ~ 0. 847 

T moe 
-------~-------1---------

Total .... .... .. 
Less 0 for Cl .. 

99. 012 

o. 057 

99.555 .. ..... . ..... ...... . ...... . 

L Sand Cnrhounle, Or·o Coli. No. SO, Adelaide mine, Korth Iron Hill. 
II. Sand Carbonate, Ore Coli . No. 33, LitUo Chief no in , Fryer Rill. 
ill. Sand Carbonate. Waterloo mine, Cnrbonnte Rill. 
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REMARKS 0 TABLE VIII. 

Consideration of Analysis I, bows that the carbon dioxide i in uffici nt for eom­
bination with all the lead oxide, and that the clllorine (entirely oluble in nitric acid) 
and the pho phorus pentoxide bear to one anoth er the exact ratio of chlorine and 
phosphorus pentoxide in the mineral pyromorphite; 3(3Pb0, P 20 5)+Pb 12.) Calcu­
lating from tbe chlorine there is found to be 9.75 per cent. of thi mineral. The carbon 
dioxide is; then, somewhat more than ufficient for the remaining lead oxide, forming 
86.()0 per cent. of cerussite, PbC03• 

The silnr exists in the state of cllloride, as shown by extracting it from a large 
amount of ore with ammonia. 

A portion of tbe ferron oxide is present a magnetite. The light exce of car­
bon clioxi<:Je above that required for the lead is probably combined with ferron , man­
ganous, and calcium oxide . 

Analysis II shows plainly that pyromorphite i practically ab ent from the pec­
imen of ore from the Little Chief mine. The lead exi t mainly a carbonate, with , 
little sulphate, and probably a mall amount of antimoniate. A yellow sub tance left 
una,Uacked witb the silica and silver chloride ore, on treati ng with nitric acid, g.~v 
reaction for lead and antimony. The ;:ilver exi ts altogether in tlle tate of chloride 
and could be completely extracted by ammonia. The total chlorine, found by fu ion 
with alkaline carbonates, extraction with water, and ub equent precipitation with 
ilver nitrate, is slightly in <·xce. of that required b.Y the ilver, but it was found that 

a few hundredths of 1 per cent. wa · pre ent in a combination oluble in water. 
Only the chief constituents from the ore in the Waterloo mine (Analy i III) 

were estimated. Starting from the chlorine~ which repre ents that soluble in nitric 
acid alone, the ore is found by calculation to contain 32.07 per cent. of pyrornophite­
and ()1.78 per cent. of cerussite, the cnrbon dioxide exactly sufficing for the lead oxide­
left after combining the elements of pyromorphite. An exce s of 1.44 per cent. pho -
phorus pentoxide is probably combined with alumina, of which a. considerable amount 
wa found to be present. 

TADLE IX.-Chloro-b1·omo-ioclidcs of silcrr. 

1-----1--J. _ _ II_ . -~~ --
Cl .... ... . 13.78 9. 80 I 119.925 -I . O:o CoiL No. 39. Robert E Lee m inr, P•yer flill. 

85.63 8o.oo J .. . .. . .. . 
o. 59 0 21 0. 075 

Br ....... . 
I . . ..... .. 

roo.oo ~:-oorloO.ooo n. Oro con. No. aoc. A mio miuo, Irrrcr nm. I 
21. 09 ·ts. 75 I 99. 9GG 

77.99 ~.09 .. . ..... . III. Ore CoiL ~o . 37. ll<g Pitlsbur;;h mine, Fryer Hill. 

~.42 0.10 0.034 l 
-I GO. 00 r l(iJ.C(} 

1 
1 0 ~. 000 

. 
A~rCl. .. . 
AgBr ... . . 
Agi . .. . . 



ORES AND VEIN MATERIALS. 601 

REMARKS ON TABLE IX. 

The figures in the upper series represent the relative proportions of Cl, Br, and 
I; tho e in the econd series, the percentages of the corresponding silver salts. 

The ore specimen's, having fir t been treated with nitric acid to extract any olu­
ble chlorine salts, were then subjected to the reducing action of zinc and sulphuric 
acid, whereby the silver alts were entirely reduced. To the filtered olution, contain­
ing all the chlorine, bromine, and iodine, potassium nitrite wa added, the liberated 
iodine collected in carbon disulphide, separated wi~ the latter b. filtration, and esti­
mated by titration with dilute sodium hypo ulphite solution. The chlorine and bro­
mine were then thrown down by silver nitrate, the precipitate was wa bed thoroughly 
by decantation, brought ntirPly into a tared ve~sel, fused, and " eighed. As suffi­
cient material bad been taken to insure several grams weight of mixed chloride and 
bromide, thee timation of the ba.lo~ens by entire conver ion into silver chloride in a 
current of chlorine gas was repeat d on different portions with very clo ely agreeing 
result , of wbich the above are the mean. In Analysi III a qualitative te t failed to 
indicate the presence of a trace of bromine, and the fused silver chloride, wbeu heated 
in chlorine ga , bowed no change whatever in weight. The silver in the ore, reduced 
by the action of zinc and ulphuric acid, was note timated. The figure in the second 
horizontal erie above are therefore obtained by calculation from the chlorine, bromine, 
and iodin found. In Anal is I the proportion of AgCI:AgBr i 4:11, while in 
Analy i Ilit i. 1:4. 
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TADLE X .-Vm·ious ores and veillmate?·ials. 

N. B.- With tho exceptions noted, blnnks in tbe tnble denote "no tests." 

1. "Hard carbonate," cooper mine, Yankee IDtl. 
2. " Silicious ore, " El Cnpitnn mine, Taylor Rill. 
3. " Gold ore," Oro Coil. No. GO, El Capiinn mine, Taylor Hill. 
4. Silicious homatito, Ore Coli. No. 84, Chrysolite mine. 
5. " I ron oro," Ore Col!. No. 90, Kenosha mine, Long and Derry Hill . 
G. Altered limestone (iight material) , Garden City mine. 
7. Altered limestone (dark material) , Gnrden City mine. 
8, 9, and 10. Specimen showing PY ' ito altering to a light ocherous mass. Ore CoiL No. 44, 'o Name gulol!, Lake Co. 

8. Nucleus of pylite. 9. Dark zone. 10. L ight outer zonr.. 
11. White fillin"" in chert nodule from porpl!yry, Ore Coil. No. 300b, Ben Burb •hnft. 
12. Chert nodule, Ore Coli. No. 299, El Paso sl!aft. 
13. Drtcein. with oro cement, Oro Coli. No. 63, Evening Star mine. 
14. Chert under oro hotly, L ittle P ittsburgh mine. 
15. Granular quartz under ore, Ore Cell. No. 3a, Waterloo mine. 

3 5 6 8 9 10 11 12 13 14 15 

1--------------------1- ---------------------
Iusoluble. eo.oo ·· ·- ---- .... .. .. 8.20 . . ..... . .... ." ...... . .. 7.36 16.36 54.28 ....... .. . .. . . .. . ....... ... . . 

SiO. . ... .. . . . . . .. . 82.400 11. 560 . • • . . . • . . . • • . .. 10. OS 20. 02 . . . . . . . . . . . . . . . . .. . . . a98. 03 b96. 3 e84. 2 97. 9 d81.29 

PbO .... . ...... . . Trace None . . ......... .. . . . .. ...... . .. . .... .. . . .. ..... ... ..... ... ........... . ... ... . ........ . 
Fes, . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53. 61 .. .... . . . ...... ... ........ . .......... . .. .... . 

~~ : : : : -- ~~~~~ . 1~:: .~~~~- .~:~~-- ~~:: } 0.81 0.97 t~~ .. ~~~~~ - .~~~~ . ::: ::::: :::::: :::·: .:::: :::: ::: 
MnO• . . . . o. 10 . . . . . .. . . . . . . . . . 22. 36 65. 98 0. 39 1. 56 ........ .. ...... .... . .... ....................... .. . . 
ZnO . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 2. 56 1. 00 . . . . . . . . . . . . . . . .. .. . . . .... ... ... . .. .. . . ........ . . . ... . ....... .... . 

~agOO·:: :: : : :::::: . ~el.217 e0.6094 { :::: : : ::: ::: : ~:~~ ~:: ~~ ·~,;,~~· · ~~.-~~ · - ~~.-~~- .: :::: :: ::: : :: ::::: ::: :: ::::::: 

co, . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . /12. 78 f37. 37 . . • . . . . . • . . . . . . ..... .. ........ ......... .... . ... .... . 

S0 3 • • • • • • • . .. • • • • . • • • • .. .. • • • • • • • • • • • • • . • • . • .. • • . • • • • • • • • • • • • • • . . • .. • • . Trace Trace . . . . . . . . .. ............. .. ..... . 
, H.O .... .. g5. 978 1. 830 10. 230 hl2.709 4. 22 . . . . . .. . . .. .. . . . .. .. . . . . . . .. . .. . . . . .. .. . . . . . .. . . . . . . . . . . • . . . . ... . 

J .. nition .. .. . .. ... ..... . ................. . .. . .... .. .. . .... .. .......... 10.13 5.82 . ...... ...... .. . . ............. . 

.Ag. . .. •. . 0. 012 0. 002 0. 0002 0. 031 . . .. . . . . . . . . . . . .. . . . . .... . . . . .. . .. . . .... . . . • . . .. . . . . . • . . . • . . . . . . . . . . .. . 

Au . ...... Trace 0. Oll 0. 0004j None .. ..... ..... .. . ..... ...... . .. .............. .. . . .. . ............. . . ... .. . 

Totals .. loo.OOOiioo.OOOiioo.OOOIIoo.ooo i7S:9oFoo~jlo0:78 ~~roo.oo iOO:OO == ~~~~~l=l 
a Remainder FetOa and Al.Oa, no water. 
b Remainder Fe.O. and .AJ,o.. Of the SiO. 3.06 per cent. was soluble in a modMratcly strong solution of potassium 

hytlnne. 
c Cementing material chiefly pyromqrphite, with some galena nnd ecru site, nlso a little calcite. 
a Remainder cl!iefly PbCO. and Fe.Oa; of tbe silica 3.93 per cent. was soluble in a moderately strong solution or 

po tassium hydrate. 
e By tHfi'erence. 
I Calculated. 
g By difference; includes some PbO and Sh205• 

h By diffcrenco; includes a little Sb,05• 

i Remainder chiefly iO,. 
j Romaintler is SO• and H20.· 

REMARKS ON TABLE X. 

The analy es of the above table were made without view to completenes , the 
object being in the majori ty of cases to a certain merely the general nature of the ore 
or material under hand. As this appea.rs at a glance from the tabulated re ult , fur-
1bcr remark are nnncce ary except iu t!Je case of 8, 9, and 10. The specimen ·bo,ved 
a nucleu of granular pyrite iu process of decomposition, ferri c oxide being obserntble 
t!J ronghont the ma "· Tbis YCI".\' i rregnlar nucleus wn · iuclo ·ell in nn f' m·elope of dark-
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brown hyd rated£ rric oxi~e , the boundaries being iu place rather sharply defiued, iu 
other iudi tinct. The dark zone wa in turn surrounded by a zon of ligh t- brown 
oxide, th e line of demarcation being Yery regular and sharply defined. The dark oxide 
wa com pact and iliuty; the lig·IJ t oxide al o compact, but Ies hard. 

TAllLE X I.-.ttlteration JJroduots of porphyry. 

No. I ~~L Locnlname. _:_I Al•O• I F e.O• I F 0 ~~~ MgO rr.o l ~a.O H,O '__:__ Totals. , 

1 55b Kaolin . . . . . . 4 . 72 34. 01 0. 56 0. 66 . . . . . . . . . . . . . . . 1. 11 9.li8 0. 67 4. 42 . . . . . . . . 100. 03 

2 55a Chinese talc 43. 36 37. 78 1 . . .. .. . .. .. .. .. .. .. . 0. 22 1 0. 30 Trace , 17. 95 T race 90. 01 
a 56c Knolin . ... . . 4. 5J 35. 60 2. ~6 . . . . . . Trnce T rnce 2. 73 5. 26 15. 05 34. 55 100. 00 

4 56 Chinese talc n 47 as. os l o. 93 o. 77 o. 23 I o. 30 ! 2. 72 1. 80 16. 67 15.48 10 1. loa
1 

5 5Gb .... do..... .. 27.89 33.79 .. . .. .. .... .. .... .. .. o. 53 1. 14 2. 3 1. 56 b16. 51 1;;. 75 100. oo I 

G 

7 

8 

I 

10.31 , _:::::: : : ::::: :~:~~I ~::~ ~:!~ J::::: :l: :::: .l :~:~~ _::::::. :::~~ 
24. i6 j cO. 64 .. .. .. 18. 43 0. 63 0. 71 0. 66 0. 36 16. 37 .. . .. .. . 100. 10 I 

105n , . .. do . .. .. .. 35. 33 
105a ... . do .. .. .. . 35.97 
10sb

1 
... do ....... 37.54 

a Includes 0.23 P.o •. b By d tffereoce. 

1. Arnie m ine, In 4lro lJody. Or CoU. No. 551>. 
~ - ·ew Disco~ery ruin c. Oro Coli. No. 55a. 
8. Big Pittsburgh, rootnct of Grn.\' P 01-pbyry. Oro Coli. No. 561> . 
4. Moroinj( tar mine. Oro oil. ·o. 56. 
5. Swamp Aug 1 tunnel , con tact of White Porphyry. Ore Col!. No. 5Gb. 
6. Lower Waterloo mine. Oro 'oil. ·o. l O:ia. 
7. Low r Water loo min . Ot'C Coli . ·o.105a. 
8. Lower Waterloo mine. Ot'C Coli. No. 10.;1>. 

REl\fARK ON TABLE XI. 

c P re eot as a v1 tble 1mpunty. 

wing to th indefinite na tur of the greater part of the peculiar products of 
al tera tiou r pre en ted by au al_y i in the above table, it is im}'o , ible to ascribe to them 
di t inctive nam Notwitb tanuin a th e great external similarity of all but t he first 
of tb pecim en xaruin d, th ey La,- beeu found to differ wo t widely in compo i-
tiou, though, a. ide from the abo,·e exception three di tinct group may be recognized, 
na m ly : Fir t, simple hJ·drated aluminium sili ::ates allied to kaolinite; second, mixed 
aluminium. ilicate and aluminium an·cl alkali sulpbates, likewi e IJ drated; and, third, 
c rtain h3·drated aluminium and zinc · ilicate , al o mixture . 

In the followin g are g i\· n the di tiuctive pby ical and chemical cba.racteri tics, 
ac omp:mied by bri f discn ion of the analytical re ults: 

o. 1, grayish white; compact, but of hardue con iderably less than 1, rubbing 
off on th e fing·er ; lu ter, pearly ; in olu ble in hydrochloric acid. EYideu tly derived 
directl,y from porpiJyry, iuce hon eycombed remu ant8 of f'eld par cry ta.l~, and even 
hu·g- rystals, au iuch in length, ·bowing rough face , occur imbedded in t he ma ' . 

udet· the micro ·cope it appear to con i t of cry talline scale wi thout definite form. 
In order to obtain mat rial for aualy i ' free from uudecompo ed feld par, it was 

sli ghtly cru bed and stirred wi th wat r in a beaker, whereby it became thoroughly dis­
int<'"Tated , th fin e matter floating and impartiug to tiJ e wat er a beautiful atiuy 
appc.>arauce ·imilat· to tiJat fr quently ob crvnble iu stream receiving tlle ta ilings from 
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stamp mill~, while the gritty particles fell to the bottom. By pouring off the us­
pended matter, allowing to ettle, decanting tlte supernatant liquid, and drying the 
limy depo it, au apparently pure matter wa obtained,. bowing tbe pearl lu ter of 

tbe original rna s, and containing, like that, when air-dried, about on -quarter of 1 
per cent. of hygro copic moisture. Tbi is not included in the above analy is. No 
further loss occurred on prolonged beating until a temperature con iderably above 
1000 C. wa · reached, while a trong reu beat \l<l requisite for complete expnl ·ion of 
tho water. 

No altogether satisfactory formula can bed duced from the fig~res in the tabl . 
On diviuing the molecular value by that for water, a being mo t accurately deter­
ruined, the ratio is found to be 

or, approximately, 

SiOz Alz03 ~(R)O HzO 

9.93 4.0!) 1.87 3.00 

10 : 4 2 : 3. 

As no other pecimen of a similar nature, from tho Arnie or oth r miue , have 
been observed, by analy i of wbich it could be a certained whether the above ratio 
remains constant or not, it woul<l be ra lt to affirm thnt th mat rial analyz tl r pr -
ent a eli tinct mineral pecie , the final product of the alteration of the porphyry 

from which it i derived. 
No. 2, pure wllite, >eineu witlt mangane ·e dioxide; ompact, llardne about 2, 

rubbing off on the fingers when dry. When fre b anu moi t, frequently greeni h in 
color, opaline in appearance, and semi-trau ·parent, e pecially on tlte thin dgc , becom­
ing opaque on expo ore. In oluble in hydrochloric acid. Portion free from l\In02 

taken for analysi . 
It was found that after two or tltree years expo ure to tlte air a large amount 

of water, 3.36 per cent. of that given in tlle analy i , was till retained in a very weak 
tate of combination, apparently as llygro,copic moi ture, since it e caped over ul­

phuric acid. No further lo s occurred on heating at 1000 C., nor l>elow woo C. to 1700 
0., although blackening took place, clue to carbonization of org;uJic matter. Dried 
oYer nlphuric acid or at 1000 C., the powder was o extremely hygroscopic tbat it wa 
ueemecl ad vi able to make the analy is upon air dried material. Tlte percentage of 
loo .::ly combined or IJ ygro ·copic water was found to decrease ·lowly on long- t-xpo ure 
of lump to the ail', o slowly as to be perceptible only at interval of a mouth or more. 
Dednctiug all water driven off at 1000 C., the molecular ratio Si02 : Al20 3 : H 20 is 
LD': l.OO: 2.20, thu showiug the ubstauce to be clo ely allied to kaolinite. 1 

No . 3, 4, and 5. · rn general appearance 4 and 5 differ little from tue sub tance 
la t de cribed . Color, white, streaked frequently with iron anu manganese oxide ; 
hardness, after long expo ure, in case of 5, about~· Practically insO'luble in llydro­
cltloric ach1. N~. 3 is pure white, and resembles 1; it contaiued uo hygroscopic water. 
No. 4 contained but 1.23 per cent.; while No.5 retained 4.58 per cent. of the same 
(included in the analysis), after long exposure to the air in the form of lumps. 

1 The same is fonnd in the Morning Star consolirlated gronp of mines according to L. D. Ricketts, 
one of whose publi bed analyses (Tho Ores of Leadville, Princetou, 1883) shows a ratio Si02 : Al20 3 : 

H. O = 2 : 1 : 3, probably including hygroscopic or weakly cowbined water. 
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The air-dried material of 4 and 5 was analyzed, since, when dried oYer ulphuric 
acid or at 100° C., the hygroscopicity was such as to render accurate weighing out. of 
tho question. In very few hour No.5 reabsorbed, when expo ed in the air, o•er llalf 
of the 4.58 per cent. of moiSlure lOst atr 1000 C. . 

Consideration of the analyses, coupled with the obsen·ed insolubility in hydro­
chloric acid, shows beyond reasonable doubt that these bodie_s are mixtures of alunite, 
KzSO. + (Aiz)S30 1z+ 2H6(Al2)0s, corre.,ponding iu formula to the jarosite of the following 
table, or of an allied mineral, with different indefinite hydrated aluminium-calcium­
maguesium silicates. If the supJ .OSed alunite i calculated on the basis of the sul­
phuric acid, the residual amounts of silica, alumina, lime, magnesia, alkalies, and 
water are found to have widely different and not very definite molecular ratios iu each 
analysi ·. 

From the fact of No.3, whicll is mainly an aluminium-alkali sulphate, containing 
no weakly combined or hygroscopic water, tlle hygroscopicity appears to be a prop­
erty of the llydrated aluminium silicates . 

.r os. 6, 7, and 8. Similar in appearance to tl.le simple bydrated aluminium silicates 
repret>ented by analysis 2. Nos. ()"and 7 were taken by 1\fr. L. D. Ricketts from one 
locality in tbe mine, No. _8 from another. Tbe fil t and ecoud were not to be distin­
gni · hed from each otller by the eye, being uri lliantly white (greeni 11 under certain 
conditions of light), opaline and eml-transparent, -wllilc the thirrl wa::; veined with 
iron and mangane e oxides and J>os e::;sed in a less degree the pronounced conchoidal 
fracture of the otller . On exposure tlley became opaque, aud after !Some moutlls 
1 os es etl a llardnes, of about 3. No . 6 and 7 were entirely and readily decomposed by 
11troug hydrocbloric acid w!Jen finely pul>erized , while upon S the action of the acid 
wa not o marked, thougll t ill cnero·etic. Tlle hygroscopicity of the e substances, 
,. peciall ·: or t!Je fir t and second, is extraordiuary. o,·er sulp!Juric acid No. G lo t. 
11.64- per cent. of water, wllile .r o. 7 lf?St 10.26 and No. 8 but 5.30 per cent., tl.lese 
amouut heing included in tho tabulated re nits of analysis. Exposure to a. tempera­
! ure of 1000 0., and enn 15(;0 0., occa ioned no furtll!•r los in wcigllt, .!Jut the presence 
of organic matter made it elf manifest by the blackening of the powder. The. dried 
material reab orbed moi tnre with great rapidity. It was at fir t supposed that th<'~e 
were, mixtures of calamine witl.l some llydrated aluminium silicate. But if from tile . 
molecular values those for zinc oxide are eliminated and proportiouate amounts fur 
silica and water subtracted, on the uppo ition that calamine is present, tlle. ratios 
between the remaining molecular values are not the same as should he tbe case if tlle. 
mixture con isted in all tbese ca es. of calamine and one other defiuitely constituted 
mineral. Moreover, on decomposing witll llydrocbloric acid no gelatinization takes 
place, and 1wt m;en a t·race of silica goes into solution, an argument against tllo po~­
sibility of the presence of either calamine or willemite. The molecular values, cou ­
sidered a,Jtogethcr for each analysis, do not present rela.tion sufficiently definite to 
allow of"supposing any one of the specimens to represent a single mineral species. 
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T AllLE XII .-Aitel·atiiJ'n products of galena and pyrite. 

l oru I No. Coil . SiOt Fe-,0• AJ,O• CaO :lfgO K.O Nn.O n ,o PbO BitOs AstO• P ,O, SOs Cl Totals. 
No. 

- 1 J06a. None 46.70 Nono ~~ 5.33 ~~ 4.27 0.08 1---;;:;- 0.08 30.53 0.02 ~ 
2 106b o. 30 42. 98 0. 20 0. 64 Nonn 6. 31 0. 83 10. 12 8. 27 None 0. 42 1. 58 27.81 0. 26 99.72 
3 lOGo 0. 36 44.40 0. 23 ~one None 0. 15 0. 97 8. 99 19. 50 None 0. 39 0.11 25.07 0. 04 90. 1 
4 106<1 .... . .. .... .. . .................... 2.12 0.57 ..... ... ........ .... .... ...... ..... ........... .. .... .. 
5 106o .................... .. .... .. ........ 0.36 
6 1(16f .. .. .. .. .. .. .. .. .. .. • .. .. . .. .. .. . 1. 96 

7 106g ................... .. ..... ......... 4.04 

0. i7 

0.18 

0.57 

1. From Maid of Erin mino, 11nder Whlto Porphyry. Contains 0.0048 Ag and trace of An. 
2. From Morning tar ( rorsa'ken) mine, onder Gray P orphyry. Contnios 0.0036 A g. 
3. From Lower Waterloo mine, un•ler Gray Porphyry. Conl4lins O.Oi5 A g. 
4. From Morning Star {Forsnkou), under Grny Porphyry. 
5. From Morning Star (For-akeu), under Gray Porphyry. 
6. From Morning ~tnr (Forsaken), under Grny Porphyry. 
7. From il~er Cord mine, under White Porphyry. 

REMARKS ON TABLE • Tl. 

Notwithstanding the great similarity in appearance of all the specimen of which 
the above are analy, es they are rather complex mixture in very varying proportion 
of everal mineral sub tance . They all bow a imilar chemical beha'\"ior. Heated 
in a closed tube, water i fir t e'\"olved, tue sub, tance then1change from au ocberon , 
or ometimes brownish yellow, to da.rk brown, and later sulphuric and sulphurous acid 
e cape. l'he same changes occur in an open tube. On charcoal with soda there appears 
sometimes a sligll't coating of ar!'enic trioxide, accompanied by a smell of arsenic and the 
reaction for lead . Entirely insoluble in boiling water. Nitric acid in the col<l extracts 
part of the lead oxide; also, arsenic and pho phorus pentoxides and u ually chlorine. 
Continued boiling with nitric acid seems to decompose the iron minerals completely. 
Warm hydrochloric acid effect complete decompo:.ition, and uo trace of a ferrous ' alt 
can be detected, even if solutiou bas been effected in an atmosphere of carbon dioxide. 
Caustic alkalies also decompose them completely, all the sulphur trioxide and ar enic 
and phosphorus pentoxides going iuto solution, whereby the analysis is materially im ­
plified. Various tests, combined with a consideration of the three complete analyse . 
show that tlle lead is present as angle~:>ite and pyromorphite1: in No. 2 as the la tter 
mineral alone, the lead oxide, pllosphorus peutoxide., and chlorine being in the 
exact proportions required for the formula (3Pb0, P 20 5) + Pb012• The As20 5 is noL 
present in the corresponding chloro-arseniate of lead, as shown by the fact that 
the proportion of P 20 5 to that part of the Cl not combiued with silver is always the 
same as in pyromorphite, and that there is insufficient lead for botll phosphorus an<l 
arsenic pentoxides together, as in No. 2, where it exactly suffices for the pho~horus 
pentoxide. The arsenic peotoxide is therefore undoubtedly present as a llyurated 
ferric arseniate. By combining in t.he first place chlorine and phosphorus pentoxide 
with lead oxide and tho remainder of the latter with sulphur trioxide, de1inite conclu­
sions may be reached as to tlle compo ition of the remai nder of the mixture. Analyse -

1 Tho pyrolllorphite is sometimes vi8ible in bnncbes of !!mull crystals. 
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1 and 2 (e pecially the latter) show that the chief constituent in these cases is probably 
ja:rosite, KzS04+(F~)SJ0 12+2Hs(Fe2)0s. AR there remains a. sl ight exce s of S03 and 
Fe20 3 after combining the constituents of this wineral on tbe basis of the alkalies 
pre eut, a basic ferric, ulphate is to be a snmed a a further cou ·tituent of the mixture. 

Analysis 3 shows little pyromorphite, much anglesit<>, little jarosite, and much 
hydrated basic ferric sulphate, of which latter it is irupo iblo to determine the formuh1 
definitely, ince it is not known bow much ferric oxide and water may be combined. 
with the ar enic pentoxide. 

The remaining pattial analyses were made to a certain whether or not the alkalies 
we1·e constant constituents of this class of product of alteration of the original vein 
material. Qualitative te ts showed~ that pyromorphlte and auglel:'ite were occasionally 
present in greater amount than shown in aualy e 1, 2, and 3. Ar euic pentoxide was 
found in very considerable quantity in the material from the Silver Oord mine (7). 

TABLE X.lli.-Miscellan eous alte1·ation products. 

No. Rock. Loonlity. 

I Alt~red White Porphyry . . . . . . . . . London mine .... . 
2 ...... do ........ .... .. ............ .. ... do ............ . 
S .. .... do........................... New York mine .. 
4 Alternd White Limestone ......... Buffalo Pnako .... . 

6 Alter d Bin Limestone ......... .... do ............ . 
6 ...... tlo .... .............. ...... ....... . do .... ........ . 
7 FlintKernelb ......................... do ...... .. .. .. . 
8 Altern<! opaline coatlogd .... .... .. !" .. do ............ . 

SiO. 

71.2 

72.8 

75.8 
97.1 
97.7 
78.9 

c98.16 

t!J7. 42 

Fe,Os ~ j K.O INa,o ~olnble J Loss. by Totals. 
AhOa 5 j _I_ m HCl. ignition . 

.... ~~·.~ . .!.. ~:~ . ! .. ~: ~- .... ~~~:~- 1 ::::::::: : .. ~--~ .. 

.......... J ...... r ................................ .. 

......... . ; ...... J ...... I .......... , ...... .......... .. 
:::::::::::::::::c::: :::::::::: 1:::::;:~: ,, : ~~~.:~· 

• , r 
.......... ' .... .. .. .. ... ...... .. .. 2.58 100.00 

_I I I 

a. Consists of caloiom oar bonate, witb a little magnesium and le•s manganese oarbonate. 
b SpeGiflo ~:ravity at 18lo C.= 2.670. Hardn688, 6. 
c Soluble in stronl( eolutiou of potassium hydrate after four to five hours' di~:estion = 65.73 per oont. 
d Speclflo gravity at. 166° C. = 2.023. Hardne s 5.5. 
4 Soluble In strong solution of potassium hydntte after four to flvo honrs ' digestion= 97.~. 

/ 
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T .,DLE XIV.- .tlssays of ores, veinmateria.ls, and oottntry rooh. 

I Ore 
No. , Coli . ,_, No. 

Mino. R emarks. Nante. 

Ores. 
1 1 ... , .. . . Sand carbonate .. .... . Matchless, near Hibernia .. ..•.. ... . Crystals of cerussite . . 

2 35b 
3 35<1 

35c 

5 35c 

6 91 
40 

43 

...... do . . . . . . . . . . . . . . . Morning Star, fourth level north .. - Compact ..... . .. .. . . . . 

. ..... do . _ .. _ . ....•... _ Morning Star, first le..-el south..... . White sand .. .. _ ... . . . 

...... do . . .. . ......... . Waterloo, on Forsaken line .. ....... Dark colored . .. .. .... . 

. ... . . <lo . _ •. ..... . . ..... . .... do .. ... .... .... -. . .... .•.. . ... - . .. ... do ...... .... .. .. . 

. .. .. . do _ . . . • . . . • • . . . . . Long find Derry .... . . . ...... . .. .......... ...... . ........•.. 
Chloride . . . . . . . . . .. • . . Evening Star, on Catalpa line, second With cerussi t.. . .. ... . . 

level. 
Hard carbonate.. ..... Dunkin, between first and second 

le,·els. · :I 
9 1 42a I _ ..•.. do . . .. . . . . . . .. . .. E..-ening Star, on Morning Star line . . ..... .. .............. . 

10 .. . . ... . . ..... do . .... ....• ..... Nil~s-An~:Ustn .. .. .. ..... .. ..... . .. .. . . ...... .............. . 
11 .. • . ..•.••• ••• do . _ . .. . . ...... -- ... . do ...... .... . .......... . . ...... In limestone ......... . 
12 41 .• .. .. do .. . .•.......... Scooper, ealitdrift ........ .. ........ Very silicious . .. . ... . . 
13 26a Galena and cerussite . . , Dunkin, upper eve!. ....•... . ..... . . ..... ..... . .. . ... ..... . ' 
14 27 ...... do . _. .. . . .. . ..... Henriett lower .......... .. .. . . ... . - . .. ... .. .. . ... . ........ . 
15 27e Galena.......... ..... . Waterloo, near Forsaken line . ...... I. .. . ............ . ..... . 
16 r.e Cerussite crust on ...... <lo . ....... . . •.... . . .. . .... .... . 1 .. .............. ... .. .. . 

17 

18 

19 1 
20 
21 

22 

No. 15. 
Galena .. .. ... .. ... . .. - Dunkin , above ore body . ... -... . .. - Cementing porphyry 

breccia. 
27b Galena, blonde, and .A.. Y. mi.ne, 150 feet deep . . .... . ... ........... . . . .... . .... . . 

pyrite; 
28d Galena and pyrite ... - Ontario, Breece Hill .. ........ -.... . Gash vein in porphyry . 
51 Copper ore........... . Florence, winze on north drift ... . .. . .. .. _ ... . . .... . .. _ .... . 
49 Goldore ......... . .. . . . . .... do ........ .. . . ..... . . ... ... .. .. . .... .... . .... . ....... . 
48 ...... do ........ . . .... . Lower Pdnter Boy, middle shaft, 

secon<l station. 
Vein ma.teriall. 

I . 

= ~ -~~~~~-i~:s. ~~-~a-~~::: ::1 ~::::~~!,- ~~- ~~~ -~c·e·t· _- ::: : : :: : .:: : : : ::::::::::: :: ::::::::: : 

25 Silicious iron . ..... .. . . Amie, lower body . . .. .. . ............ H ydrated ... . ... . .. . 
26 l. ... . ... , .... .. do .. ........ . ... . New Disco..-ery . . : . . .. . ........ . .... Jaspery .. .. .. . ... . . .• . 
27 . . ... ... ... .. . do . . . . . . . . . . . . . . . Across the Ocean........... . ....... Ca.-ernous .... .. ... .. . 
28 . . • . . • . . Black iron .. .... . . .... Chrysolit&-Vulture No. 1 . . . . . . . . . . . Manganiferous .. .... . 
29 ..... . ........ do . _... . . . . . •... . Climax, upper working .. . . . .. ..... . . .... . do .... . ----·· .. . . 
30 . . . .. . .. Hematito .. .. ... .. .. . . Breece Iron, upper shaft .. ..... .. .. .. . . .. . do ... .. 
31 . . . . .••.... ... do ........ . . .. ..... . ... do ....... ... .. . . . ...... . . . . .. . With pyrite . . ...... . . 
82 Pyrolusite... . ... . .... Crescent, lower shaft . . . . .... . . . ... Barren contact .. _ . .. . 

Country rocka. 

33 Blue Limestone ... .... Catalpa, east incline, near bottom . . . Dlnck and altered .... . 
34 . . ..... . . ..... do ............ . - ...... do . . .. . . . .. . . . . . . . . . . . . . .. . . . . Another •pecimen .. . . 
35 White Limestone . . .. . Climax, lower level south .. .... ... . ..lltered contact . .... . . 
36 . - .. .. ... .... do .. ..... . .. .. . .. Amie No. 2, 27a feet deep ........... Al tered . .. ...... . .... . 
37 . ...... . Lime-sand _ ... .. . . . . .. Don kin, north end third level.. ..... Altered Blue Limestone 
38 · .• • ..• • . .. . • .. do . . . . . . . . . . .. . . . Cb.rysolite, weat of Vnlturo No.1 .. _ Near rich oro body .. . . 

40 . ...... .. . . . .. clo .. .. . _ .. . . . ... . Clrrysohte, second ln..-el, northwest In porphyry ... .. . .. . . 
39 .• .. .. . . .. . ... <lo . .. .. .. .. -... - ~ Chrysol :t~. neaT Little Chief line . . . In ore bo!ly . . .. ... .. . . 

en !I. 

Ag. 

Oz. per ton. 
682.90 
10. 00 
41.00 
13.80 
25. 40 
22.10 
82.20 

17.90 

33.80 
93.40 
81.00 
a so 

3!i3. 20 
516. 40 
4.20. 00 

28. 60 

443.80 

9. 80 

20.00 
2. 90 
2. 00 
0. 50 

lG. 00 
9.10 
2.90 
0. 50 

1.10 
7. 80 
3. 90 
0. 30 

Trace ..... 
4. 00 

o. 50 

0. 30 
0. 40 
0. 50 

0.70 
85. 70 

0. 70 
0. 40 

Au. 

Oz. per ton. 
None 
Trace 
None 

Do. 
Trace 
Nouo 
Trnco 

Do. 

None 
Do. 

Troce 
Do. 

None 
Do. 

Trace 
Nono 

Do. 

Do. 

Trace 
Strong tr 

0. 10 
Strong tr 

Trace 
None 

Do. 
Do. 
Do. 

0. 20 
None 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Trace 
None 
rrrace 

Do. 

None I 
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ARGENTIFEROU LEAD SMELTING AT LEADVILLE.' 
Il'\1'ROD CTIO . 

When l\1r. . F. Emmon intru ted m with tile duty of ret ortiug on tile melters 
of Leach·ille, be directed m to insi ton the mechanical appliance, offering a pecial 
intl:'re t, to lay pecial tre on the chemical phenomena of tl1e bla t furnace , and to 
examine carefully the diffl rent furuac product of the melting works. The faet that 
m tlll a11d other ub tance paringly di tribute l througbou th e mineral d po it of 
the Lead~ille mining camp are concentrated in the product gaYc a peeial intere t 
in this tndy, which bad a direct beariug upon b geology and miu rfllo o-y of the 
di trict nod r urvey. 

The lin analyticallaborator.r of the urvey in Dem-er mad this tucly po ibl ; 
and I tru t tha tlt nnmerou uew fa t and di co erie re ulting from it will pro\e 
inter tio<Y and u, ful, not only to th ruetallu rgi t and mi·ner but al o to th chemi t 
and g ologi t. 

In ord r to r uder a inteJlio-ibl a po ible the de ript.ioo Qf the plant, appa­
ratu and impl m nts u eel in m lting in Leacl~ille, I took the mea uremet<t of the 
roo t intere tiu · portion and mad from tllem rough ketchc , which were aft rward 
com pi ted ,md cotT t tl by Mr. \Y. H. Leffingwell, a i taut topographer of the Sur\ey. 
The eli po ition of th in id of inacc s ibl I art,, u h n the dn t-cbamber , wn ex­
plained to ru by th uperintendents of the . melter . ome tracings of furnace , 
bla t apparatu , and dn t-cbamber were kindly gi,·en u.r l\f r . Billing and Eiler , 
owner oftb tah m lter; Jam Bri rton, ofth arri onRetluctiou Works; Augu t 
W ruer of the E lg in melter; and by Ie r . Fra er antl Chalmers, of Chicago, man­
ufacturer ofagTeatnumb rofth furnace and meltiugimpl mentsu edinLeathille. 
Th full d ription of til ern her and blower wa al o kindly communicated to me 
by the re pective manufacturer . Tlte ketcbe accompa.uying thi report, mo t of 
whieh a.re drawn to ,cale, have b en pr I ared from the ·e data by 1\:[r. Morris Bien, 
a. i tant topograph r, and ngrav d by Mr. Julin Bien, the well-known engraver. 

t In on equeu of tb sudd o doa tb of l\Ir. Autooy Guyard at Pari~, Franco, on the 29th of 
Mar b, 1 4, it wa impossibl to ha,ve his aid in the fiual revision of this report for tho pres. In 
mnking tbi r vision I ha,-e r ceived mo t important n ·i tance from ~h. vV. F. Hillebrand, who was 
pro uti u tb laboratory at tho time Mr. Guyard wa making his analyses. We have coufiued onr 
changes to obvious cleri al rrors in calculation , and to minor a,lterations of language wbicll would 
render l1i menuiug cle-arer, changes which in uo way a.ffect hi conclusion . It is possil>lo that could 
Mr. Gnyarcl ha"e been personally consulted he might ha,-e made other modifications in his report, 
but., in view of his groat xperience a.nd reput!l.tion a a metallurgical chemi ·t, I have not felt 
authorized to do more than offer a few sugge tion in foot-note , where hi meaning seems ob cur or 
liable to be mi und r tood. (S. F . E.) 
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During my vi it to the melter I wa rec ived verywhere with the g reate t 
courte y, both by miner and uperintend nt~ , upplied with all information and 
allowed to inspect tlwroughly eYery part of the work . I wa at tb am t im r -
que ted not to publi b the name of tbe smelters in conuection with information wbi ·b. 
mi ght bet r'a.Y their private intere t . In complian with thi r quest, iu b fo ll ow-
ing report the principal melters ha e been designated by letter in all a wher 
it eemed possible that the publi bing of th ir name might be detrimental to th ir 
in terests . All analy e , wbere not otherwi e specifically de ignated, have be n made 
by me in t he laboratory of the Survey. 

SECTION I. 

PRELIMINARY CO DITIO . OF MELTING. 

LEADVILLE. 

S ituation.- The city of Leadvill e i. situated 10,150 feet above the I nl of th ea 
in tlle Rocky Mountains, vall ey of the A.rkan. a ·, a lifornia miniug district, Lak 
County, State of Colorado. It i placed in direct communication witlJ Den ver, the 
capital of Colorado, and thence with the ea t, by means of the D nver and outb Park 
Raih'oad and th Denver and Rio Grande Railroad, botlJ line rnuning on th am 
track between Buena Vi ta and Leadville. 

The young city of Leal! ville, which diduot exi t three year· ago, i full of l.Ju tie, 
li fe and excitemen t, ~tnd IJ ad a popu lation at the Ia t ceo u (1 0) of about 15 000 
inhabitant , but wh ich fluctuate a good deal. It i built on a me a or terrace formed 
of rearranged moraine material brought down by large glaci rs which once xisted 
there and i nrrounded on all ide by bill and mountains ri ing from tbree to four 
thou and feet above it · leveL The roo t con picuous point are : on the we t side, 
Monut Elbert and Moun t Ma ive; on the east side, Ball Mountain, th Mo quito Pas , 
and Mount Sheridan; and on the north side, Mount Zion , aboYe the Arkan a River. 

MINES. 

Most of the lead aud silver mines are situated to the eastward of Lead•ill e (uorth­
ea t, uue east, and outheast), in t lJe localit ies known a Fryer Rill, Carbonate Hill, 
Iron Hill, Printer Boy Bill, Long and Derry Hill, Little Ellen Rill, Stray Hor 'e gulch, 
and Iowa gulch. As the names of the mines and of their ores recur frequently in this 
report, _some information concerning them has been tabulated below. 

The geological inform atiou wa · kindly comm unicated by Mr. E. Jacob, geol­
ogical assistant to Mr. S. F. Emmons, and the ou tput data were taken from tlJe Lead­
ville Weekly aud Monthly Circular, which receives its information direct from the 
mine superin tendents . 

In Table I is given the daily output of the working mines, whose names are 
arranged alphabetically aud grouped according to locality. 



OUTPUT, OF LEADVJLLE MINES. fl15 

TAnu: l.-Leadrille mines. 

Name of mine. Chief rork pas eel th rough by I Daih· out- 1 Date of 
th o shafts. put in tons. ou tput. 

Pryer H iU. I 
Amie ...... ........ ...... . Wash and \\bite Porphy ry .. _ 30 An". 2 1, 1 0 j 
Chrysolite--- .... . . .. ---- ... . .. do ..... ------ - ... -- .. --- _ 75 Aul!. 21 , 1 0 
Climax ............ .. ... .. ...... do...................... .. 20 Aug. 21, 1880 

DUD kio ... .... ... . .. . ........... do.. .... . ................. 8 Aul!. 21.1 0 

~:~~:"~~;~~:::: :::::: :::: : :::::::::::::: :: ::::::::::::::::1 1: ~ ~u~:. ~~: : 880800 I 
LituePittsburgb ......... . ..... clo . ... .... .... ...... ...... J 25 .t\.u g. 21, 1 

~::~~~s ~~~-:::: :::_ :: :_ · ::::: : :~ ·. ::::: ·.::: :·. :: :: ::-.::: ::I ~: I ~:~~- 2~ : : o 
Virgi~::~~:~~~~-------- .... .. do _____ _ ... .. .......... . .. 10 Ang. 24, 1 0 I 
Aga siz .. ...... . . . . .. .... . Whi le Porphyry .... ..... . ___ _ 5 D c. 20, I 
Carbonate.- ...... -- . .. . ........ do . .. ...... __ _ ... . .. .... .. 35 Dec. 20, 1 19 
Catalpa ....... .. .......... . .... . do . . ... .. ... ..... . .. . . ... . 10 I Au g. 21, 1 0 
Crose ot and lEtna _ ........... . do . .. .. ____ ............ .. . 10 Aug. 21, 1 0 

Evening StJ~.r ................... clo ....... ... .. -- - --- .... .. 60 Dec. 4, I 0 
Forsaken ............ . ...... .... do .. ....... .... ... ....... . 20 Aug. 2 1, 1 0 
Rnl fWayHou e ............ .... do . ... ... .. . .. ... ..... .. 10 Der. 20, 1879 

Little Giant ...... . . .. ...... .. .. do .. .... ............... .. 5 Aug. 21, l 80 

Morning tar . ........ . .. . .. ... _do ............ . ....... ... . 65 Aug. 21, 1 0 

P endery and Gins - ........... . do ... ___ .. .... ........ .. .. 20 Ani<- 21, 1 0 

Yank Doodle .......... . ...... do ..... .. .. . .. ... . .... .. .. 5 u 0 20, 1879 

tray Ilorse gulch. 
Double Decker ... . __ . Quat1 zit . ........ .... ..... .. 

1 'Vhite and Gray Porphyry. __ . 
North Iron 11ill. 

.A d lnid .. .. .. .. .... .... .. 

2§ 'Dec. 20, 1879 I 

I 
5 Dec. 20, l 79 

Arg uti no and Camp Bird . White Porphyry .. .. .. ..... . __ 10 De . 20, 1 i9 

I ron Hill . 

Iron mt n ------ - ... --- .... White Porphyry .... ...... _ .. . ! 50 

La Plnt~t ...... ----- - . ..... ...... do ...... ...... . ..... ... . .. 20 

Silver Wa.ve .... .. ... ... .. ...... <lo . .. ... ..... . ..... ..... .. 18 

muggier .. oo ........ _ . . .. ...... do .......... .. .. .. ... _ ... _ 5 Dec. 
Tucson ..... ..... -.............. <lo ...... .. .... . -- .oo - - 00 .. 15 

Dome H ilL. 
Rook nn<l Dome ..... . .... Wbite Porphyry ... . . - - -- - -- - - 25 

Yank£e Hill. 
Chieftain .. - .. . .. - . . -. . . . Whit Porphyry and limestone' Aug. 21, 1880 

cooper .. .... --.. - -.. .. ... Gray Porphyry and limestone . 10 DPc. 20, 1879 

Breece Hill. 
Breece Iron __ ...... _..... . Quarry in Gmy Porphyry .... - -.... 00- .. ...... - 00 - ...... 

Colorado Prince ....... 00. Quartzite .......... .......... . 25 Aug. 21, 1 0 

Highland Chief.._ .. __ .... Groty Porphyry - .. -- ........ -- 100 I ADen~. ~~·. : 87~ I LiLtloPriuce .... .. ...... ....... do ......... ....... ........ 5 
Minar Boy . .. .. . ... . . . .. . Lime tone ... . .. . ....... .. . ... 5 D o. 20, 1879 

Little EUen HiU. 
Little Ellen .. ........ _.... White Porphyry .. ....... .. .. _. 10 An g. 7, 1880 

V irgin ius .. ..... .. -...... . Blue Limestone .. -- .... . .... -- 5 Dec. 20, I 79 

Lo>tg ana Derry Hill. 
Belcher- ..... -.... -....... Limestone ...... .. ..... . .... .. 
Long nnd Deny . .. .. .. .. . Whit e Porrohyry _ ........ -.. 

5 Doc. 20, 1879 i 
5 Dec. 20, 1879 

\ 
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The aggregate daily output of the mine who e output ha not be n indicat d 
in Table I reaches 30 tons, and the average dai ly output for all the mine may b said 
to reach from 700 to 800 ton during the year. It will be een that th e sm lting 
capacity of the camp of Leadnlle is about 700 tons per 24 hour , o that the margin 
left for the shipment of ore is rather ma,ll. 

ORE 

In Leadville the ore depo it are almo t invaria,bly found in lime ton , which they 
appareDtly have replaced. Table I shows that tho ore depo it ar only reached 
through ma ses of arious porphyrie , and occa ionally, at the outcrop , through 
lime tone. 

D escription. - Tile ores of Leadville, compo~ed chiefly of carbonate of l ad or cern . 
site and of galena or ulpburet of lead, are divided into two great cia e , tb bard 
carbonate or lump and the and or oft carbonate , and each cla i ubdivided and 
de ignated by letter or numbers, according to the a ay content alld value. In th e 
ore · ilver exi t chiefly in the tate of hloride and of chloro-bromo-io lid . orne of 
the con tituents of the ore haYe been found in an i olated tat ; pyromorphite, or 
cbloro-phospbate of lead, and wulfellite, or mol~ bdato of lead, in the Little hi f min ; 
augle ite., or ulpbateof lead, in roo t mine · ilicateof lead in . mall r ddi h cry tal ; 
an a yet unknown mineral in the E-rening Star mine (tbi mineral wa found by JHr. 
Emmon and examined by myself, but the quantity wa not ufficient to make a om­
plete examination); 1 cerargyrite, or chloride of il>er, in the Ubry olite mine, and em · 
bolite, or chloro-bromide of il>er, in mo t mine ; hapbachite, or ulpbur t of bi mutb, 
lead and sil>er, in the Florence mine; and bi muthiferou lanarkite, or. ulfato-carbonate 
of lead ancl bi muth, in the ame ruine. 

Chief ores.- The following de cription will how what are the chief ore in the prin- · 
cipal mine : 

Adelaide.-Large cryEtal of cerus ite, cemented by coarse clay. 
Agassiz.-Sand. Light-yellow och r. 
Belche-r.-Hard . Compact rna se of mixed oxide of iron and manganese, im­

pregnated with small and indi t inct crystal of galena and cern ite. 
Oatalpa.-Hard . ;Flinty-looking rna es of even grain, impregnated with indi . 

tinct cern site crystals. This is the typical '' hard carbonate ' of tile camp. 
Oht·ysolite.-Hard. Ma es of indistinct crystals of cerussite, cemented by oxides 

of iron and manganese, both anhydrous and hydrated ; color, brown, reddish, and 
yellow. 

Orescent.-Sand . Pale.yellow ocher and pa1e-yellow and whitish masses. 
Dtmkin.- Hard. Fine crystalline galena, imbedded in a hard silicious cement; 

also di tinct and indistinct crystals of galena in a kind of chert. 
Dunkin.-Sand . Light.yellow ocher. 
Dyer.-Hard. F lint, impregnated with galena. 
Evening Star.-Hard. Hard carbonate. 
Florence.-Sand . Masses with a dull-blackish tinge (bismuthiferous lanarhite), 

a nd also sbapbachite, with a metallic luster similar to bismuthinite and s tibnite. 
Great Hope.-Hard. H ard carbonate. 

I It is probably decben ite, which bas since been found in determinable quantity by Dr. Ties. 
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Highlanil Ohief.-Sand. Masses of indistinct crystal of cerus ite, not cemented. 
Homestake.-Hard. Masses of galena and pyrites in small crystals, cemented with 

dolomite and iderite. · 
Hibernia.-Sand. Soft clay, with indistinct cerargyrite, but no cern sit . 
hon.- Hard. Cr,ystalline masses of distinct and indistinct crystals of ceru ite, 

cemented with oxide of iron; part of the carbonate of lead colorle~ s, part with a 
b~acki h tinge (in examining the lanarkite of the Florence mine it wa · found that th is 
tinge is due to sulphuret of silver); also bard ma-sses of pure galena in large crystals, 
cemented by ma,Jl ones; al o rna es of large and small distinct crystals of cerus ·ite, 
cemented by manganiferou oxide of iron; al o mas e of hematite and occa ionally 
red and yellow ocher; also nodules of cerussite, cemented with och r . 

.La Plata.-Sand. Blui h-black and yellow masse of mall crystals of cerussite. 
llfatchless.-Sand. oft silicious mas e impregnated with cerussite. 
~Morning Sta?·.-Bard. Hard carbonate. 
Rock.-Hard . Masses of crystalline cerus ite, with yellow pots of ocher and 

greeni h spot of embolite; al o mo t varieties previou ly described. 
Robert E . Lee.-Sand. Ol.lloride or : o herons yellow (a qualitative examination 

of this ore showed that the ocher contains a con iderable quantity of antiwoniate of 
iron )· the ilv r exi ts iu the state of embolite, containing a very small quantity of 
iodid of ilver. 

Virgil~i~tS.-Hard. Uniform rna e impregnated with cerus ite. 
It mu t be noticed tllat the principal varieties de cribed here are to be found in 

most mine , although the bismuth or are confined to the Florence mine, and those 
free from lead, or dry ore., are found mainly iu the Le and Biberuia. mines. A glance 
at the a ay of ore made at differ JJt melter will give a correct idea of the relative 
content of the or in lead and ih·er, and al o in gangue and iron , o that thel'e 
as ay bave a mineralogical and geological signification, as well as a commercial one 

OOMPO ITION OF ORES. 

A compl te e "amination of the ores from every mine would have formed a 
most intere ting chapter, but the field of investigation opened in Leadville was so 
vast that its accompli bment would have in olved a far greater time than could 
be given to t?i study, which ha therefore been perforce re tricted to the most impor­
tant point . 

Carbonate ores.-Tbe interesting observation was made that wheu cerussite is tinged 
with black this color is due to sulpburet of silver, so that to some extent tbe richness 
of the ore in silver can be a certain eel by the eye. The following exhaustive analy es 
of the carbonate ore of two of the principal mines of Lead ille were made by Dr. W. 
F. Hillebrand in the laboratory of the Survey at Denver: 

Analiysis I.-Adelaide ore. Sand in lump , formed of masses of small crystals of 
colorless cerussite, cemented by cerussite, clay, and oxide of iron. 

Analysis II.-Little Chief ore ( and in lump ). Formed of masses of distinct and 
indistinct mall crystals of cerussite with a bluish-black tinge, full of whitish and yel­
lowi h spots and cavities. 
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ANALY I I.-Adelaide 01·e. 

Oxide oflead .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79. 5"0 
Ch loride oflcacl. ... . .............. . ....... .. ......... . .. . ....... ... ..... 0.990 
Peroxide of iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 0. 467 
Alumina . . ..... .. : ................ . ... .. . .... .......................... 0.444 
Protoxide of iron...... . . . . .. . ... . . . ... . .. . . . ...... .. . . .. . . . .. . . .. . ... . . . 0. 299 
ProtoxideofmaDganese .... ... ..... ... ..... ... ............ ... ..... . .. ... . 0. 137 
Oxide of cobalt ........... .... .............................. ..... . ...... Trac 
Lime.. . ............................................. .. ........ . ......... 0. 30:3 
.Mag nesia ... .. . .... . ........... . ............ . ....... . . ... . ... .. ... .... ... 0. 068 
Gold. . .. . ....... .................................................. .... . . Tra e 
Silver ..... ... .. . .. .... .... ... . .. . .. . . ..... ...... . . .... ... . .. .... . ... . .. 0. 009 
Ar enic . ..... ... ......... ... ......... .......... ............ .............. Trace 
V.7ater ...... .. . ..... .. .. . . . . ... . .... . ..... .. .. . . . . .. ... ... .. .. . . . . . . . . . . . 0. 395 
Phosphori c acid .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 532 

ulphuric acid . .................... .... .. ................... . .......... . Tutce 
Silica.. . ..... .. .. . .................... . ..... ... . . ................... .... 0. 651 

arbonic acid ....... . __ __ .... . .. ................... .... . . ...... ...... .. . 14.700 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 99. 545 
(Hillebrand. ) 

Gold , f 15 of an ounce to the ton . 
ilver , 2t ouuces to the ton. 

Disettssion.-Thi analy i bows that the Adelaid ore 1· compo ed of: 
arhonn,teofleau (PbO, CO~) ............ .... . .. .............. ... ....... - . 605 

Pyromorphite 3 (3Pb0, P 90 6 ) +PbCl . ..... .. .... . ..... . ... . ..... . .. . ... . 9. 74 
arbonate, ili cates and oxide .. ................... . ...... .. . .. ..... ... 4. 647 

100. 000 

All the constitnent ' of the e minerals, wbicll are widely di tributed in Lead ville, 
will be traced later in the analytical tudy of the melting proces . 

A...'\ALYSIS H.-Little Chief o1·e. 
Oxide of lead.... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i !>. 40 
Peroxide of iron ... ........ .. .. . .... ..... ......... .... ... ... .... . ·. .. . . . . . 1. 940 
Alumina ............... ... . ........... ............. ...... ....... ....... . 
Oxide of cobalt. .......................................... . . ........... .. 
Protoxide of mangan e e . ... . . .................. ................ . .... ... . 
Peroxide of man..,.anese ....... . ....... . ........................... . ... . .. 
Oxide of zinc .... . . .... ------ .......... .. ... . .. ...... ..... ............. .. 
Lime ...... ....... . .......... .. . ........... ..... . ......... ... .... . ...... . 
Magnesia .... .. .. ____ ... . . .... ..... . .. ........................ ... ... ... . 

ilica ____ ... . ____ ... .... ....................... ...... . . . .. ____ .. __ .. __ .. 
Arsenic acid ...... --- - -- ........ . .......... . ... . ______ . . .. .. - ----- - . . .. .. 
Antimonic acid ... ... ............. .... .. ........... . .... - ........... ... .. 
' Vater. ............ ..... -- .......... --------- -------- --- -----------· - .. .. 
Carbonic acid. .... . . . . . . . . .... ..... . .. .... . . . .. ... ..... ......... . ... __ . 
Phosphoric acid ..... . .. .. .............................. .. .... ... .... . . . . 
Sulphuric acid ........ .... .... .. ...... ------ ..................... . ..... . 

hlorine .... .... ... ..... ------ ........ ................ ..... ...... .. .... . 
~ j },.., r .. -- .. . ---- .... --- --- ... - -. -- ... --- ...... -- . .. - .. . . -- ... - .. ---. --.- .. 

Golcl ... ......... ~ -- .............. . ... ..... ....... .. . .... .... .......... .. 
Loss ....... ~ . ... .................. ........ . ......... ........... . ...... .. 

1. 415 
Trace 
0.074 
t. 386 
0_. 095 
0.335 
0. 056 
1. 970 
Trace 
0. 121 
1. 140 

14.251 
'rrace 
0. 4 6 
0.288 
0.777 
Trace 
0.2(Xj 

Total ... .. ..... .. . .. .. . ......... .......... ...... 100.000 
(Hillebrand.) 

Silver, ~6. 6~ ounce~ to the ton. 
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Disau s·ion.-In this ore pyromorphite is replaced by anglesite, the, ulphnric acid 
of which plays an important part in smelting. Som e of the con titueu t of t hi ore­
ar eniate , ulph a te , aud a ntimoniat -will be found in a n almo t unaltered condi · 
tion iu orne of the furnace product (accretions). Tlle pre ence of zinc givt>s a, spec1a l 
iutere t to thi a naly i , for t he rea ·on that this metal i found in '" ry furu<tce prod­
uct ·-learl fume, accretion , bullion , and slag . But, a lthough the two preceding 
analy e are tJ·pical of the carbon ate ore' and contain their mo t importan t lements, 
th ey do not how th e metal molybd nnm, titanium, bi muth ni ck el, cadmium, copper, 
a nd tin , which ha ,·e also been found in t he furnace products, and appear to be pretty 
widely eli tributed in the camp, though generally in very mall quantities .. It i , how: 
ever, evident that certain ubstance are entirely wanting in om('. ores. For in tance, 
a special examination of the I1ittle Chief melter lag fail ed to detect more tha n traces 
of titaui acid, showing tllat this ub tance does not exi t iu the Li ttle Chief ore 
although it i to be found in most Leadville sla,g . 

Chloride ores.- In Leadville the chloride of silver ha v long been kn own a· 
cerargyrite and embolite, of which they have the charact ri stic apr earanc . Tile 
writer made a special qualitati,,e exa,mination of the embolit found in tile Robert E. 
Lee mine (old workings). Tbi embolite i eli eminated iu t!Je peculiar a n timOl1ifer­
ous och r already poken of. One sp cim n ga,·e chlorine and bromine, \Yi t !J a li tlc 
iodine · anoth er gav I iodine than the preceding, bu t mor bromine. Dr. W. F. 
Hill brand ha · mad th following anal.> e of tb chi f lll01·ide of Leadville: 

A~ALY 1 IlL- Robert E. Lee (ch loride ore). 

hlorido of ilv cr . .. . .. ... . ... .. . .. .. .. .. .. . . .. . . . .. ... .. . .. . .. .... . .. . :ll . !'>Sll 

Bromid of ih·er ....... ..... · · : · ...................................... 77 .9 6 
I did of ilv r .... .. . . . ..... . .. . .. . ..... .... ... .. . .. .. .. . ... .. ...... .. . 0.425 

100. 000 

ANALYSI IV .-&mie (chi oriel of oilt·er co11tained i11 hard carbonate) . 

bloride of ilv r .. .... ..... . ...... ... . .. . ...•. ..... ......... . .. . . ..... 15.755 
Bromide of ilvcr ..... . .... .. .... ...... ...... .... ...... ...... .... ...... 4.091 
Iodide of s ilv r.... . . . .. . . . .. .. . .. . .. . .. . . . . .. . .. .. .. .. .. .. .. .... .. . .. . . 0.154 

100. 000 

The formula of thi chlorid i 4AgBr + AgCI(I), a verJ· mall quantit.r of iodine 
replacing chlorin . 

A:-.oALY 1 V.-Big P·ittsburgh ore. 

hl rid e of ilv r .. .. . .. . .. . .. . .. .. .. . .. .. . . .. .. . .. .. .. .. .. .. .. .. . .. . .. 99. !Jw 
Bromio of silver...... .. .. .. .. .. .. .. .. .. .. .. .. . . .. .. .. .. .. . .. .. . . .. .. . . one 
Iodid of ilver. . . .. .. ... . . . .... . . . . .. .... .... . . .. .. .. .. .... . . . .. . ...... 0. 03!'> 

100.000 

t th ' br.vsolite mine a magnificen t blor.k of very pure ceraro·yrite wa · fonnd, 
weighing evera.l hundred pounds. . · 

In order to determine t he relativ proportions of chlorine, bromine, and iodin e 
throughout the di trict, a mixture was made of lead fume collected iu the dust cham-
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bers of eight smelters. The following figures, obtained by analysis of this mixtnr , 
may be taken to repre ent the relative proportions of chlorine, bromine, and iodine in 
the silver ores: 

Chloride of silver. .. .. . .... .. .. 9.10, equivalent to chlorine..... . .... . ::!. 4;> 
Bromide of silver.............. 10. 45, equ ivalent to bromine. .... . .. ... !G. 
Iodideof silver ................ 0.4f>,equivalenttoiodine . . ...... . .... 0.7:J 

100.000 100. 000 

Special stre s has been laid upon the composition of the chloride or , for the 
reason that they play an important part in lead smelting in L advilie. To chlorine, 
bromine, and iudine is clue a great part of the lo in lead, not only becau chloro­
bromo-iodicle of lead is a very volatile compound, but also becau ·e chloro-bromo-iodo­
phosphates and ulphurets of lead are found which are also remarkable for their great 
volatility. 

Average of ores.-Mr. Th. Fluegger, a ayer of the Harrison Reduction \York , in 
Leadville, has published in the Engineering and Mining Journal of March 1 o, au 
analysis of a ample from 1,000 ton , repre entiug ·pecimen from e err producing 
mine in Lead' ill e. This analy is, made with probably insufficient m au iu the lab­
oratory of one of the smelter , ha evidently no preten ion to cientifi accurac.r, ince 
some of the elements - sulphur, ar ·enic, autimony-are left uncombined and ince 
an the rare elements are not indicated. It i giv n here, howe,-er, becau e upon it 
have been based the main features of the chemical eli ·en ion of the bla t furnace. 

If it is a-ssumed that the quantity of ilver reported in thi analy i is corr ct, it 
repre ent an average quantity of silver of nearly 90.5 ounce to the ton . Thi :figure 
appears exaggerated, for the reason that the proportion of ilver to lead i one ounce 
to :five pounds, while in practice mixtures aimed at contain one ounce of ilver to ix 
pound of lead. But the average percentages of lead (23), iron (18), and silica (22.5) 
agree precisely with the general composition of the smelting charges in Leadville. 

A..."'IALY IS VI.-Average ore. 

Carbonic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. • 
Oxide of lead ...... .. . . .. ... .... --- - .. . ..... . --- .... ...•.•. .. .... ......... 24.77 

ilica .. __ •.... _ ... ___ ... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22. 59 
Sulphur. . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 90 
Protoxide of iron .. __ . ... ...... ................... .. . . . . .. ... _. . . . . . . . . . . . 0. 
Peroxide of iron.. . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24. 6 
Protoxide of manganese . .............. . .. ... ....... . _.. . . . . . . . . . . . . . . . . . . 4. 03 
. il ver ..... .• • .. .... . .. ...... .... .... .... ........ .. ..••. .... . .......... __ . 0. 31 
Lime. ... . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 2. 36 
Magne ia . ......... ------ .......... ------------ . ... ... ... .... .... ... . .. .. 3. 04 
Arsenic .. ... .... ...•.... . .. -----·- - -- ............................ . . ... . .. . 0.01 
Antimony ......... .... .. . ..... ... ......• . .... ....... . -- - --- ..... . ____ .... 0.02 
Potash and soda .... ---------- .... ------ . ... ·----- ... .... ... -----· ... . . ... 0. 98 
Chlorine ................................ ---- . . ... . . ___ _ .............. __ .. 0. 09 
Water ....... .. .. ..................... · -----..... .. ............... . ...... 5.53 
Alumina ....... .. . .. ---- ............ --- --- .......... ----......... .. ...... 3. 99 
Gold, copper, zinc .. .... . . ---- .......... ---· ............. .... ......... .... Trace 

99.95 

Silver, 90.5 onnces to the ton; lead, 23 per cent.; ir'tm, 18 per cent.; silica, 22.59 
per cent. 
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Assays of various ores.-Tbe as ays of the first division of the following table were 
made by the writer in June, 1880, for one of the smelters. The silver assays present 
a certain intere t, since they were made in crucible , whereas the ordinary method of 
silver assay at Leadville is that by scorification; the lead assays however are the 
or<linary fire assays usually made in the region. 

The as ays given in tQe re t of the table were made b;y the different a sayers 
attached to the re 'pective smelting works. 

TABLE II. 

I .-ORE A SAYS. 

Name of mine. L ead. 1 Silver to tbe Gold to the 

1 
ton . I lou. 

Per cent. 
_I, 

Adelaide ( and ).. ........ ............. 15. 00 
Do ...... .. .. ........ ........ ....... 15.00 I 
Do.... .. ............... .. ......... 26. 45 I 
Do.... .. .................. .... .... 54.90 
Do . ...... .. ........................ 21.45 
Do...... . .......................... 9.45 

Aruie .. .. .. . .. .. .. . .. .. .. .. • . .. .. . .. .. 45. 80 
Do .. .. ............ .. . ............ .. 0.50 
Do.. ............................. . . 11. 30 

Arnie (special lot)........ ....... .. .... 81. 70 
Ami (black lumps) .. . . . .. • .. .. . .. .. . 1. 70 

I ~~r~~~~>-~~~:~~::~~~~~~:~~~} 4

1-E 
1 Aruie (lumps) .. .. .. .. ... .. .. . .. .. .. .. 5. 0 

Ami ...... . .... ....... .......... ..... 6.70 
Do . ...................... .. . ....... 0. 50 
Do ....... ... ... .... .......... ...... 17.00 
Do. ............ ...... .... .......... 1.90 

Bel her........... . .... . .... ... . .. ... 5. G5 
Do .. ..... ....... ....... ........... 6. 50 

Cbryoolite .. . . .. .. . .. . . . .. . .. . • .. . . . .. 19. 30 
Do . .......... .. ....... ... .......... 27.50 

:E'·ening tnr .. .. .. .. .. .. .. .. .. .. .. . .. 44. 35 
Hibernia (clayi h) .. .. .. • . .. .. • . . .. .. . 1. 80 
Little Giant ................. .......... 2 . 00 

Do .......... .. ...... ......... .. .. .. 40.00 
D ................................ 54.00 

Virg'inius ....................... .. • . .. 25. 20 
Do ......... ..... .. .. ............ 1 34..50 

Ami .......... ... .... .......... .... . 
Camp Bird .. ....... .......... ....... . 

Cnrbonato .......................... .. 
Catnlpa .......... .. ............ . .... . 

:E"euinsr tar ........................ . 
Iron ...... .. .......... .... .......... .. 
L!ttlo hief.. ................ ...... . .. 

\ 
Loveland ........ ..... .... ... ... .. . .. . 

:Morn in!( Star .. . ... .... ........... .. . 
Piuo ......... ... .... . .......... ... ... . 

R.:E. L .... ..... . ..... . ...... ...... .. , 

14.00 
46.00 
30.00 

33.00 
3i. 50 
33.70 

35.00 
46.50 
4 . 00 
2. 00 
Kou 

0 U71CU. 

47.70 
30.00 

.80 
12.60 
12.00 
34.15 
23.30 
36.00 
78.00 

I , 189.70 
31.40 
31.20 

211. ao 
)94. 5 
37.35 

213.80 
119.95 
76.80 

230.90 
36.25 

. 33. 10 
39. 5Q 

235.30 
ss.ro 
99.05 
33.05 
41. 10 
62. 90 
87.70 

. 10 
22.50 

180.00 
12.00 

107. 00 

0.00 
55. 00 

45.00 

65.00 
85. 00 
56. 00 

12.00 

Ouncu. 
Non 

0. 5 
0. 05 
0.10 
0.10 
0. 05 
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TABLE Il-Contiuued. 

III.-AS "AYS MA..DE AT MESSRS. CUMMING &. FINN'S SMELTER, JULY, 1880. 

II Name of mine. Lead. Silver to the 1

1 

Gol<l to the 
· ton. l~n. 

i----------------------1------- +-------

Adelaide . .... ... . ..... . . .... .. . ...... . 
Amie ..... .. . ...... ................. . 
Chrysolite .. .......... ... . .......... . 
Evening Star ..... ................... . 
Hibernia ..... .............. ..... ..... . 
LitUe Giant .. . ... . ... .. ....... .. ... . . 

~;~~~~s~~~~:::::: ::::::::::::::::::: 

Ptr cent. 
22 to 44 
2 to 10 

27.00 
22.00 

.5 to 1 
12 to 40 
•o to 55 
25 to 35 

Ouncu. 
12 to 20 

20to 1,100 
40 to o 

51.00 
60 to 180 
14 to SO 
35 to 40 

to 32 

Ouncu. 
0. 5 to 0. 75 

IV.-A AYS MADE AT CUMML.'\'G &. FIN~ ' MELTER, A.UGU T , 1880. 

Amie (lumps) ..... . ... ..... ... ....... . 
.A. m ie (screenings) . .... ..... .. ... . ... . 
Hiberni& (clayish) .. ... . ... . . .. .. .. . . 

Do ......... .. ...... . . . ....... . .... . 
Homestake ....... ... ....... . ........ . 

Do . . .... .. . .... .. . .. . ......... . .. . 
' Morning tar (sand) .. ............. .. . I 

Morninp: Star (hard) . .. .......... . -- .-I 
Do . .. . . .. .. . ... .. . .. .. . ... ....... j 

Mo;:~-~. ·t-~~ (~~-~>_::::: : : :: :: ::: ::::j 

3. ro 
None 
None 
None 
None 

~- 00 
55.00 
40.00 
40.00 
47.00 
55. 00 

40.00 
100.00 
33.00 
80.00 
70.00 
60.00 
a oo 
32.00 
36.00 
30. 00 
3 . 00 ·· ···········t ...... ..... .. . 

V.-A SAYS MADE AT THE HARRI ON REDUCTION WORK , JULY, 1880. 

I 
.A.gassi1. ... . . . . . . . . . . . . . . .. . . . .. . . . .. . . 14. co 
.Alpine........................ . ....... 45.00 
Amie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23. 50 

Camp 13inl. ... . ..................... -- ~ 48. 70 
Carbona to . . . . . . . . . • . . . . . . . . . . . . . .. • . . 27. 00 
Chieftain............ . . ..... . ........ 7.00 
Chrysolite .............. . . . ........... 29. 00 
Colorado Prince. .. .. . .. ......... ...... None 
Double Decker. . ... .. ..... ........... . None 
Dunkin 
Forsak en ............. ..... .. . .. ..... . 
General Shields ( a. watch Range) .. . 
Gold Cnp (Sawatch Range) ..... .... .. , 
Gold Oro ( a.watcb Ra.nge) ...... ... . 
Independence (Sa.wa.tch Ran ge) .... .. 
I ron . ... .... ....... . ...... ..... ...... . 
Long and Derry . ... ................. . 
Little Chief ... ....... .. . ... ...... . .. .. 
Little Pittsburg .. ......... . .. ...... . . 
Morning Sta.r ................. ...... . . 
NO>'ada .... ...... ....•... .. ..... ... .. . 
Pin ..... ... . . ..................... . . . 

1 Ready Caab . ...... .. ...... . .......... . I Robert E. Lee . .. .. .. ... ...... .... .... . 

8.00 
13.50 
None 
None 
None 
None 
40. 50 
16.00 
16.00 
36.40 
65. 00 
23.70 
31.00 
3. 70 

None 

49. 60 
141.00 
165. 00 
12.00 

218.00 
76. 00 
97.50 
15.00 
35.50 

119.00 
62.00 
53. 50 

110. 00 
6. 70 
8. 60 

79.00 
73.00 
50.50 

266.00 
61. 00 
16.00 
12.00 

125.00 
146.50 

..... . ·-· ···· 
0.50 

··· ·· ·· ····· ·· 
······· ····-· 
·----- --· ··· · · 
·· ··--- -------
--···--· ··-- --

17.70 
2.70 

· · -··· ··· ··-- -
···· ······· ---

0. 10 

·-·-·· ········ 
4.10 
5. 76 

··- --···------
.. ·-·-·· ······ 
------ -· ···---
···· --·-··-- · · 
·-· -- ---·-···-

2. 20 

·····-··· -· ·- · 
9. 20 

·-- · ····· ·· ··· 

At the melter , ilica, or rather that mixture of silica and refractory silicates 
insoluble in acid _, and known as gangue, is determined, af:l well as the per cent. of iron . 
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The following will give an idea of thP-ir relative proportions: 

TABLE II-Continned. 

VJ.-ASSAYS MADE AT THE CALIFORNIA SMELTER, JULY, 1880. 

Name of mine. 

Ami . . . . . .. ..... .. ............... . 
Brian Boru . ........ ....... .. . .... .. 
Iron ............... ... ...... .... .. .. 
Morning Star ...................... . 
Rob rt Emmet ........ .......... .. .. 
Tucson ................ . .......... . . , 

Lead. 

Per~nt. 

5. 00 

40.00 

24.00 

55.00 

10.00 

so.oo 

Sih•er to too. Iron. 

Ou.ncu. Per c"nt. 
40.00 40.00 

40.00 6. 00 

30. 00 24.00 

40. 00 5.00 

12.00 49.00 

30. 00 10.00 

Gangue. 

Ptr cont. 

zo. oo I 
12.00 

46. 00 

16. 80 

12.00 

10.00 

VII.- ASSAYS MA.DE AT TBE HARRISON REDUCTION WORKS, JULY, 1880. 

Chrysolite ......... .. .............. ·I 29. 00 
Climax ... ......... .... .... .... .... . Not determined 

~~~ ~~;~:::: ::::::::::::::::::::: i ;~:: 

97.50 1 

79.00 

50. 50 

Rob rt E. Lee ............. .. .... .. .. : None 146. 50 

8.35 1 
37.10 

21.00 
I 

17.30 ! 

2!!. 10 

11 .3~ 
30. 80 I 
19.40 

17.30 ' 

49. 40 1 
47. 00 Rock . .... ...... .... .. ..... ......... ; ...... ........ .. .................. 1 

;__ _________ ....:.__ ____ __:_ ___ ~------·-·--- .. 
VJIT.-A AY MADE AT THE GRANT MELTING WORK , JULY. 1880. 

I Cata~~~ (~-~~>.: ::.·::: :: :: ::::::::::: :::: I :::: 
I Catalpa (sand) .. .. .. . .. .. .. . .. . . .. .. 4.1. 70 83. 00 I 
1 Chrysolite (B,l>ard) ............ .... 

1 
21.90 47. 75 I Chrysolit (A., sand) ................ ! 42. 0 75.00 I 

' ~:::~ ,., . I· ~= ;:: I 
Be.nrietta ...... .. .. ..... .. .......... : 45. 60 I 

I 
Bib 1nia .... ... . ......... .......... 1 :'<one 52.22 

~ognh~~~~ ~~~~~:::::::::::::::::: : :: I ~~: ~~ I 1:~: ~~ I 
I Littl Chi f........... ............. 20.00 55. 00 

Do .. . . .. .. . . . . . .. . . .. .. . .. .. .. . 33. 30 116 80 

4. 25 1 
I 

41. ~0 
5. 40 1s. 50 1 

39.50 21. so I 
25-30 16.40 I 
13-70 14.60 

a. 70 58. :;o 
I 

7 . .00 1 49.00 ' 

6- RO I 14. 20 1 
45.20 I 8. 60 I 

2-5.70 
I 

22.10 ! 
2. bO 1~.10 1 

11.70 12.60 I 
n40 17. 00 

13.00 14. 30 

Littl hi f(bard) . ............. .... 10.00 25.00 1 2!1. 75 12. 50 

Littl Chief............. ... ...... . 1 . 80 90.00 
Little Chief (sand) . ................. 37. 50 0. 00 I 14.40 33.60 

]4. 70 17.50 

T, ittle 'hi f...... .. ... . ........... .. 9. 35 35.72 I 
Little Chief (saud) .... .... .. ...... . 27. '0 100.00 j 

1 
Little Chief (galena)....... .. . .. .. . . 55. 00 5. 50 

JO. 90 28. so 
15.75 27.50 

a. 85 15.00 I Lit.tle_ Pittsburgh .......... ... . .... ....... ........ .. .. ............... . 

I 
MOt"OIDg tar.. .. ................... 42. 30 18. 60 

N w Discov ry . .................. .... . ...................... . .... ... . 

Sih· r Wn-ve.. .... ...... .. . .. .... .. . 7. 15 35. S5 

18.20 26.50 

11.00 14. 20 

17. 15 33.70 

49. 30 17.70 i Do ..... ...................... . .. 5. 95 36.52 32.90 12. so 

623 
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TABLE II-Contiuued. 

IX.-A SAYS MADE AT MESSRS. BILLING &. EILERS' MF.LTEI~. JULY, 1880. 

Name of mine. Lead. Silver to ton. . Iron. Gangue. /1 

. Pt:r Ce?l t. Ouncts. I P•r ctnt. P•r c•nt. 

~:~~~;i·t~· ;~~;.;;) ·: :::::: : : ·.: : :::::. : ... ·;~. -~~ ~~- ;~: ~~ - .......... ~~: ~~ .1 25. oo to:~:~ 12. 00 to~:: : 

~::;i·~ ·(~~~-~; ::::::::::::::: :·:::::: .... -~- -~~ ~~- ~~: ~~- ·;~- -~~~~- ;~~: ~ -1 =: ~ ~::: 
Iron (hara) . ... .. . . . . . . . .. . . • .•.• .. . 50.00 80.00 . .......... .... . .. ...... .. .... . 

Rock (hard) . . .. . . .. .. ........ ...... 86. 00 18.00 18. 10 6. 50 

~;::~;:~::~~;!.~~:~::.~~:i~:~~~: .... ........ ~~- ~~ ........ ... ~.-~ .! .. ..... ... ~8-. ~~ ..•.... . ..• ~~-- ~~. I 

X. -ASSAYS OF VARIOUS ORES MADE AT MES R . CUMMING&. FINN' SMELTER, JULY, 1880. 

Adelaide (sand) .. . . . ...... .... ..... . 
Ami (lumps) . . . . . . .. ....... .... ... . 
Arn ie (first clas ) ... ...... ... . .. .. . 
Arnie (second class) . . .. .. .. . .. .... . 
Cbrysolit (sand) .... .. ... . .. . ... .. 
Chrysolite (hard) ........... . ... . . .. , 
E.-ening tar ..................... .. 
Hibernia ...... ...... ... ..... ....... . 

Ho!
0

~~~ ::::::: ·. :: ::·.: :::::::::: :j 
Lit!0G;~~·t· C~~~~-~;~~~>·:: : :· :::::: :j 
Little Giant (secon<l class) ........ . . 

! Little Giant {tbitxl class) .. ........ , 
Morning Star (bard) .. .. . ... . ...... . 
Morning Star {sand) ........ ... .... . 

1 Morning tar ... ........ .... ........ I 
Morning 'tar (sand) . ....... . ..... .. 

I Morning Star ....... .. .. .. .. ....... . 

I 
Morning Star {bard) .. .. . . . .... . .. . . 
Morning tar ......... .. . . ... ... . . . . 
Vu·gnuus ..... .. .......... . ........ . 

44. oo 1 
3.00 1 

8. 50 

4.50 
84.00 I 

16. oo 1 

22.00 I 
Nono 
Non 

5.00 I 
8.00 

37.00 

19.00 

12. 00 . 
43.00 

55.00 

53.00 
55.00 

53.50 
40. 00 

7. 00 

34.00 

20. oo I 
40.00 

300. oo I 
30.00 
72.00 

45.00 

51. 00 I 

33. 00 

60. oo I 
7o.oo 1 
60.00 
84.00 

38.00 

17.00 
39.00 

a. oo 
53.00 
38.00 
27. 00 

36. 00 

30. 00 
22.00 

8. 00 
35. 00 
33.50 
35.00 

23.00 
26.00 

5. 00 

2 00 
20.00 

9. 00 

14.00 
4.00 

1 . 00 ! 
34.00 

4..00 
5. 00 

a. 5o 
5. 00 
6. 70 

~:: I 
15.00 

15. 00 

13.00 
2~.00 

I . 00 

!G. 00 

I .00 I 
52.00 
29.00 1 
4 . 00 

57.00 I 

36.00 
32.00 

14. 00 

19.00 
35.00 

20.00 

20.50 

20.00 
14.00 

24.00 

20.00 

22.00 

Xl.-A.S A Y' FOR IRQ~ A~D GANGUE MADE AT ME SRS. CUMMING & FINN'S SMELTER, J U LY, 1 0. 

NnnH) of mine. Iron. Gangue. II 
---------- ----- ---1!-----------1----

Nnme of mine . Iron . Gangue. 

----
Adelllide.... .. .......... . .. ... ..... Per ~~0 Per ;~11~0 I Arnie ............ . .. ....... .. ..... . 

Per ctnt. I Per ce>lt. 

3 . 10 25. 10 
Do . . .... . .................... . . 16. 50 1 15.00 i Do .. .. ... .. ......... ..... .. .. .. 

1 
Chrysolite . . . . . . . . . . . .. . . . . . . . . . .. . 21. 00 20. 00 

1
j Evening Star . . .. . . . .. ... .... ..... . 

Do......... . ............... .. .. 10.80 11. 00 Forsnkon .. . . . .............. .. ... .. 
i Do . . . . . . . . . .. . . . . .. . .. . . . . . . . . 13. 50 20. 00 Hiberni~ .... . .... . . .. .......... ... . 

37.50 24. oo I 
4. 50 60. 30 

25.00 32.00 
as. oo 29.50 

I Do . . .. . .. . . . . ..... .. .. . . . . .... 26.30 23.50 11 Little 0inut .............. . .. ..... . 14.20 34. 00 

I
' EYeniug Star .... .................. 13.70 45.00 I. Do ... .. . .... .. ................ . 

Do....... . . . .............. . ... . 12. 70 32. oo Do . ... ... .................. .. .. 
Do .. ... .. ........... ..... ... ... 5. 45 42.50 

1
j Do ...... ........... ........... . 

'---------------~----~--------------------~---~---

5. 40 31. so 
12.50 45.50 
6.00 29.00 

·-
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TABLE li-Coutiuued. 
XIL-ASSAYS OF LOTtl .AND MlXTURES OF .ALL ORTS MADE AT THE LA PLATA SMELTER IN THE 

YEAR 1 0. 

Nnme of mine. Iron. Gnnguo. "nn!e of mine . I1·on. I Gnogu e. I 
-----------I-P-er_c_en_t_. I-P-er_c_e>-,t-. 11 -----------· - Pe-r-ce-nt-. 1 ;.~ ccn~~ 

23. 90 20. 30 7 lots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20. 70 I 1 GO I lllots .... .... ..•..•••...... ..•... . 
14 lots .. .. .. . .. .. . •.... ........... . 

lllots .. ..... . ..... .. ... . ........ .. 

10 lots ..... ................... ... .. 

22.30 19.4.0 i lllots .. ..... . ....... . .. . ........ . • 17.90 1.so 1 
23.70 32. 00 A <"ernge of G4 lot ....... ... _l--2-1.-50- ,--10. 70 I 
20.40 I 19. GO 

Di cussion.- Tbe preceding table are Yaluable n furni biug, not only data for 
reference, but al o proof: of tbe activity ofminin..,. null m >l tino-iu Leachillc. It is also 
evident from tb ir examination that there i no relation whate,·er bet,Ycen til e I atl 
and il v r cont nts of the ore . Tlli could carcely b otlJ r\\i e, if it i:> consi<lcr tl 
tlJat lead xi t' iu the tate of carbonat or sulphide and il>er in tb tate of 
sulphide or cbloro-bromo-iodide, compound which have no common properties. A 
carbonate ore rich in lead may contain a large quantity of ret:~iduaJ ot· uutoucb ll ul­
pbidc of il\er and Le rich in ilver, or it sit\er ma.v l.JaYe been carried away iu 
the state of chloride aud tlw ore be poor iu ilver. Tlli ' cbloride of ~>ih·er canied 
a.\\ay mn,y b r clepo · ited in a uy kind of min r·al, in porou quartz or iu clay, and tbe 
ore may IJe very ric!l in silver and coutaiu no lead. In oth •r ca e both c..'l.rbou ate of 
lead aml cbloritlc of ·ih er nr carried away and depo ·it Ll iu the nw gaugne, gh-ing 
ore ri bin IJotlJ lead aud ilY r. 

SMEL'l'I ' G WORKS. 

Locat ion.- inc L adYill b cam au important minin g camp ixt en eli tinct 
m lting worl< · hn,· be n rected. 'Iwo m~lt r only ur ituatetl in Lead\ille 

JH'O]H'r t he Uarri 011 Rednctiou Work :mel the Grant melting vVork , wuicl.J both 
taul ou the nortlJern bank of California gulch . In tlJe vut kirt of the city, and at 

tb juu ·tion of lh upper nut! tlJe lower roads of tlJis bank tood th Leach ill • smelter, 
now vult d dowu. Tb n com in nee' ion but till on tlJ e northern bank of Califor· 
uin. gut b tb La Plata, th .Ameri ·an~ Billiug " Eiler's, and th Oaliforuin. melting 
\ ork.. t the lower end of Cnltforrtia, gulch i ituat d tlJe mall town of l\Ialta, 
near which were erectetl the Malta and Lizzi melter,. Iu .Audaide, oo Iron Hill, 
· tood tb Ad lnicle mclter, which b long d to tl.Je Adelaitle mine, but lln long ince 
ce:t- ell running. On Fryer Hill a,nd immetliately aboYe the Little bief mine tood 
t be JJittle Chief melter. Thi smelt l' IJa ince been pulled down on account of tbe 
. inking of th ground upou which it wa erected, and it fnruace is now ru11niug 
a Ie ' r . Curumino· & Fino melter. On the ontbwe tern bank of Big Evan 
gulcll are fouucl in ncce siou, goiug we tward, tb Ob io nud 1\1is ouri: Cumming 
... Finu's, Gage, agaman Oo. , Raymond, Sherman & l\'fcKaj·", aud the Elgin 

melting Work . 
At the time this report was made (.August, 1 80) se,·era.l smeiter bad entirely 

c a ctl rnnuing, viz, the Adelaide, Lit 'le Obief, American [alta, Lizzie, Lealh'ille, 
ao-e, Hag-aman ... ~ Oo.' , and Raymond, berman & l\lcl ay's. Sin ·e that time the 

American and Malt::tltave resumed work, tlJe form er ucces fully, it pla nt ueiu g in a 
perf•ct, state of pre uvatiou; the latter rather un uccessfully, main ly by rea on of its 
imper f ctplant autl machinery. 

MON ' U--40 
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Tbo following are tbe nam es of the different m lting work , of tbe uperinteud­
ent ·, nml t i.J e dates at which they comm encecl melting: 

• mel tin!; works. uperiutendent . 

HnrriRon Reduction Works . .... .. ...... .. .. James llricrton . . .. . .. .. ............ . 

I ~!E~: • • · • • • • • • • • • • • • • • • • • • • • • • • •• :.~~;,;;, •• •• • • •. • •·• • 
! E~~:tf:7~' : • H .. ; T;~;:::: ::· 
I Ohio ant! Missouri ............ .. ........... . N. R. W ilson ........................ . 

Cumming&. .Finn's .. : ................ . ..... 1 Thom s MncF:ulane ................ .. 

: ;:~~~o~~~~~1:.0m~nc:·~~~~~-.~:: ::::::::: ::!: ::::::::::::::::::::: :::::::::::::::::. 
~~f~:;(;~:::::::::::::::::::::::: :::::::::::: !. a_u~-- ~~~-r~-e~:::::: :::::: ::::::::::::. 

Date. 

June, I 

May , 
May, 
Junt'., 1879 

- 1875 

-. 1876 

Aug., 1879 

Jun, 1879 

July, ;,;: i June, 
June, 1879 

June, 1879 

- I 19 

Cost of plant.-From data obtained by tb cen ' u. innstigation of the precious 
metal for J , 0, carrit'd on under ti.Je supen· ision of )Ir. . F. Emmon it i fountl 
tbat ti.Je melter of Leadville were erected at an aggregat co't of about $ 00 000. 

In the following table will be found tb co t of plant of twelve of th prin ·ipnl 
m lter in arbitrary nom rical order: 

TABLE 111. 
Cost of plant . 

. m Iter I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $43, 000 
}[ ______ .......... .... -------------- -- -- ---- --- -- ---- · ----- ------ 160, 000 

II r __ . _ .. _ ... ____ . ___ .. . _ . ... ___ _ .. ___ ... _ . .... . ___ .. .. _. _. _ _ _ _ _ _ _ o, ooo 
lV ... ...... ........ ..................... .. .. ------- ...... -------- 2!5,000 
v-----. -----.----- . ----.-----.--.------ ------- --- . ---------.- --- 37,000 

VI. . . . . . . . . . . . . . . . . . . . . . . . ..... ...... .. .... .. .......... . _.. . . . . . 6(), 000 

v ll -.... ---- .. ---- . - ---- ---- .. -- .. - . ---- .. ----- -- ---- --- --- ----- 9!5, 000 
VJII. .... ......... .. ..................... -- .............. __ ........ - 60,000 

1 X . .. . .. . . .. .. .. . • . . . . • . . .. . .. . . . . . .. . . . . .. . .. . . .. . . . .. .. .. . .. . .. 48, 000 

X.. - - - - - - . -- - - - - -- - - --- -- . -- -- -- - - •. - -- - -- -- -- - .. -. - -- . - -- -- - - --. 37, 000 
X I ......... ...... ........ . ....... ..... ... . _.. . . . . . . . . . . . . . . . . . . . 30, 000 

X!l . .. . ---- ---- .. ---- .. ---- .......................... __ .... .. .. . 20,000 

General disposition of smelting works.-The lope of the banks of gulches i particu­
larly faYorablc to ti.Je construction of smelters: roo t of which are divided into ev('ral 
lc \·eJ which allow of a rational tliYi ion of labor and econom ize construction , hoi tiug 
maci.Jinery, aud man ual labor. 

Ou Californi a g ulch most melt rs ha,-e the following levels : 
1. T!Je fu1nace, lag-heap, aou uullion level, connected by means of incliued 

way · witlt th e main lower road of the gulch t·uouing at the foot of the slag-heap. 
2. Tl.J • feetlin g-Door level, wi.JiciJ is also ti.J.at foi' cru hiog, sampling, ore-bed , and 

ore-bin · . Thi le\el i always JWO\·idetl witll a wagon road, branch of t!Je•upper road, 
anti commnuicates with ti.J e upper aml lower levels uy mea ns of inclined w~Lys. 
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3. Fir tore-bin le>el, with a wngon road bet<;>een the row of bins, allowing the 
di charge of ore-wagon into the lower row of ore-bin , and the wheeling away of the 
ore extracted iu barrows from the upper row of Ot'e-biu to the £ ed in g and cru bing 
1 vel. Tbi le>el communicate , like the preceding, with the upper and lower le,-els 
by mean of inclined 'mys. 

4. econd or -b in level, with di position similar to preceding. 
5. Third ore-bin lewl, with eli po ition imilar to preceding. 
6. ' barcoal and coke-bin levf'l , with eli po ition imilar to preceding. 
7. Ore-dump ·, tluxe , cha rcoal, coke and wood r er>e , or upper level. A glance 

at Figure 2, Plate XXXI, repre entiug welter , will giYe an idea of the eli po itioJl 
of level . 

Tbe general arrangement just de cribed is that adopted at the mo t favorable 
point , but ometime le•els 3, 4-, 5, and 6 arereduc d to three, two, and even one lev l. . 
Tbi i particularly theca eon Big Evan gulch, whose banks· are far from being as 
bigb as tho e of California gulch. There the Je,·el are reduced to two : 

1. The furnace, lao·.beap and bullion le•el. 
2. The feeding-tloor level, u ed a l o for ern bin g, sampling, ore-bed , and ore­

bin·. The fn !-bin , ore-dump , fiuxe , and wood res rves are gPnera.lly placed at the 
lJ, ·k of tb or -bin . 

Tb w rk ar al"ny in lo e<l, feom the furnace level to the back of the feeding 
fl -:- in a li"'ht wood n, trn tue . ·Where tb re arc e,·eral I v I of ore-bin they are 
iuclep nrlent of the main building; but wb r there is oiiiy one upper level the ore­
bin~ ar placed in tb buildiug. Th office and laboratory ah•ay occnp a detached 
building. Tb offic i alway prodd d with lar"'e n·ao-on cale , varying in capacity 
from 10 to 20 too , autl u d for w igbiug tb wagon loaded witb ore or bullion and 
taring them aft r unloading. 

Tb boil r , en"'in , , a.nd blower ar always placed 'on th fnmace levPl, on one 
ide of thE>. fnrnaee , a ar th smith and mechanic bop ~ , which, however, often 

o upy a , mall <leta b d bui lding.' 

ORE BUYING. 

Method.- Tbc mann r in which ore i purchas d by the ~;melter of Lead viii is 
om wbat different from tlle m tbocl u nally pur ued in oth r camp . Th ore i pur­

cbas rl outrigbt ~ r a, li from th mine , a ertain dcdn •tiou being· made for the lo s 
of ih-er in ~meltin g, and a certain amount being charg d for "bat i called tbe co t 
of treatment. 

In th following table i hown, a a awple, for a few of the principal mines-
1. Tb deduction for the lo of sil~rer in m ltiug. 

track with th 
Evnn gnl b. 
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ole s th e ore ontain more than a certain perceutag C per cent. to 30 p r 
cent.), the lead i uot paid for at all. 

I 

l\.[jno. 
Deduction for Costof treat- P rice paid for i 
Jo s of silver mont per ton ' lend per unit 
in smelting. of ooo. j of 20 pouuds. 

1----------1---------

Amio . . . . ..... . . 

Carbonate .... . . 
Cbry olito ..... . 
Dnnkin . ... . .. . . 
E,-ening Sta r . . . 
Iron ilvor ... . . 

Morning Sia.r . . . 
Tucson . ..... . 

Per cent. I 
10 $25 $0. 25 

7! 20 25 
5 20 25 

5 

7~ 

5 

5 

22 
2 
18 
15 

21 

25 

t5 
30 

30 

25 

The rate are ubject to cou taut fl.nctuatiou, accorliug to--
1. The pric of fluxe . 
2. The amount of fl.uxe req uired !u smeltiug . 
3. The price of charcoal an d oke. 
4. The charact r of tile or : whether large lum1 or and; wh ther !Jighly ul­

pbureted or highly iliciou ; whether rich or poor in lead · whether rich in oxid of 
iron or without it. 

The co t of treatment ha ,·arietl during the year eucliug June 1, 1 0, from $ L5 
to ·30 per ton of ore. The price paid for sil ,-er aud lead in the ore Yarie naturally 
with the ew York• marl;l:'t. Durinn- the year ending June 1, 1 0, the Yariatioo for 
~il\·er ba b en from full .r ew York quotation and no eli count to a ui ' Count of J 0 
per cent., the averag di count l.m,·ing be n about 5 per cent. off ilver quotatiou . 

Le;.:d i bought by the unit i.e., 1 per cent., or 20 pouud in the ton; and it 
pr-ice has varied from 15 c nts to 45 cent per unit duriug the year J 79-' 0. Tbe 
price per unit of lead depeuus on iudiviuual arrreem ut, and al o on tb content of 
the ore in lead. At ome UJ elting work the cost of treatment will b 16 to 825, 
with a dedu ction of 5 per cent. oil sil\·er, and. the pri ·e of )(;ad 20 cent, to 25 cents 
per unit w!Jeu the ore contains aboYe 30 per cent. t others, th e cost of tT atment will 
~qual $20, the deduction off il•er 5 per cent., aud the pri ce for lead 15 cent p r uuit 
wlteu the ore contain abo,·e 5 per cent. 

Gold i paid for at the rate of $1 per ounce, but ool,y when it amount exceeds 
-oue tenth of an ounce per tou of ore. 

Cost of transportation.-- \\'hen tlt e ore is l>ougl.Jt uirect from the mine, its lrau · 
"flOrtation is paid for by tue miue owners, and the cost of handling varies from $1 
to 1. 5 per ton of ore, according to di . tance ; but when the ore i purcba ed a t the 
sampling works, the melter.· baYe to pay for it trau portation to their bins at tbe 
above rates. 

SAMPLING. 

Method.--Tbe general method of arnpliug carried ou in the camp is til e follow­
iug : lu shoveling the ore from the ore-wagou to the ore-bin, every teotll hovelful i 
tllrown a·ide iuto a wheelbarrow. Thence the saw'ple thus obtained is wbe led to the 
sampling-floor aud pas ed tJ1rough the crusher. IIi i then well mixed witl.J the shoYel, 
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laid in a thin la:>er on tlw floor~ aud quartered do"n \ ery cnrefully until , mnll enough 
to be dried e:-~sily. Th e amoun t of moi sture is determin ed b;y ue ic ation of this 
ample, previou ly weighed. Wh en dry it is pa sed through ' orni . h roll set to on e­

eighth of nn in ch or through small mill . It is once mor well mixed and quartered down 
unti l small enou gh to he gr onnd on th e buck-plate or in th e mortar, and pa , ed 
tbrotwh fin e i en~:~, about 70 me li e to th e lin ear inch. Thi. done , thesampl i once 
mon~ '~ ell mixed aud divid ed into three part~, ou e of ~rbich i a .. ayed by th e metter, 
the other at tbe min e, and t !J e tbit'd by au ind epend ent a n er , or mor genera ll y kept 
in re erve for reference in c:-~se of di pute. Sometime t he bnlk of the sampl e ob­
tained from every tent h bo,elfnl from the wagon is red uced by ctt in g apar t e\ ery 
fifth hovelful. This reduced am ple is afterwards subj ected to th e t rea tmen t w!Jich 
ha jn t been described iu deta il. 

Sampling works. - Every melter in LeadYille pos ses a , ampli ng floor, with 
ore· b cl~, crusher and ore-b in ; bu t there are be ide three large sa mplin g work ~ 

which are inclepeudeut of the melters and where tb e buying, a a~· in g, cru IJiug, 
dryin g ~ a.mpling , aml el lin g of ore only are carried on. Th l'Se work s belong to Me sr . 
A . R Me er & Co., Eddy & James, and Gill pie & B allou . 

The am piing work are providecl with a large number of bin for the preparation 
and clas ifica tion of ores of every g ralle and from e ery mine; and, as at th melters, 
th macbin ry, ern hc:>rs , orn i h rolls, and mill are uri,en by team-power. Large 
op n ' pa ar kept for the n cumulation of ore. Jump. aml t!Je preparation of ore­
b d f a g i,·en ompo ition . Th e e arc made by spread in g layer upon layer of ores 
of lwow n weio·bt auu ·ontents in ilYer and lead . Dryin · i carried on on a large 
cal , the drier consi t ing of' lnrge parallelopipedic cnts in tbe ground, about six feet 

wid a nd t weuty f long provided with a coal fire- plac at one end, connected with 
a !teet-iron stack at the other, and co,cred o,·er ou a le, cl with the ore floor \Ti th 
be t- iron, upon "hich the ore to be clri tl is pread in la -er, . 

Tile ad,autage ofl'er ed by the e work a re twofold. Th e prospector and small 
miner ca n nhray dispo , of tb eir mall lot of or , nud tb e l::trge one of tho e ores 
wllicb are ill any way exceptional or out of t b u, unl rnll. On the oth er band, the 
melter can a lways find their npplies of ore of a gi ,·en compo ition ready for the 

furna e, or , pecial ore to modify or co mplete th e comp ition of their own ore.l.Je<.ls 
or mixtures . 

R HJNG. 

and ore do not require crnshiug; ill fact, they nr alrendy in un tor piec<> 
too ' mall for t h furnace, and requir mixing in conYenient proportion with ern bed 
ore in ord r to be fit for use. But bard ore an l sand ore in lumps require cru hiug, 
as w 11 as the 1 ime tone, iron-stone:>, and old . lag which are n eel :-~ fluxe . Thi i 
eft' cted , botll at smelter. nncl at sampl in g work , by means of compact but powet'ful 
tonebreaker or ern hers, a 1 way dri '' en by ·team-power. 

Machines used.-Tbe cru:sher mostly u eel in Leaivil le are Blake crushers manu­
fa.ctnred uy the Blake Cru her Corupauy, New Ha,·eu, Oonu., and by th e Fanel 
Foundry ao'cll\1ac.bine Compa.ny, Au onia, Coun . At tbe sa mplin g work. one or tw(} 
A lden crusher manufactured by E. T . Copeland, New York, nre al o in use. 
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Tbe table below giYe tbe principal t.rpe nsecl , their number nomin al ltor.·o­
power required, and capacity. 

--------------,--------------------------1 
f Opening R u.,.olutiou H01 se- Crushing 1 

Cnpa oily numLers 0 b twccu of fl v.wbeel powel'l'e· M JlA it r per 
~ por mim~ qnired. hour. tho crushe•·s . J I 

I I nches. Tons. 
JOby4 I 300 4 4 

I 
10 by 7 I 275 6 6§ 

10 by 4 300 4 4 

15 by 9 1 275 9 9! 

10 by 4 300 "' 
10 by 4 I 3oo 4. 

I No.1. .......... ... ... . 

I 
No.2 .... .. .. ........ .. 
No.4 ................ . 

J No.5 .. .............. .. 

I ~~:: : :::::: :: ::::::: . 

Blake oruslters. - T!Je cmsl.ters mauufactured by the Blake Oru h r Oompan~' 

belong- 1o two styles: (1) The older style or ecceotric pattern and (2) tb OIIalleug 
Rock-Breaker, or Sectional Cushioned Oru ber. Of the eccentric patt rn, a :Uoriz.ontal 
and Yertical section will be fouud in Plate XLI, Figure 1 and 2; the drawing giv n 
i a copy of that furui ·lJ ed by the compa uy for a No.2. The circleD is a tiou of 
the fly-wheel ·haft, which shouhl make from 225 to 250 revolutions per minute. TlJ e 
dotted circl E i a ection of the eccentric. F i a pitman or conn cting-rod, "'bicb 
counects the ecc ntric with th toggle G G, who e bearings form an elbow or toggle­
joint. B i tbe fi:s.etl ja'' - this re t again t the end of the fram A . P Pare chill d 
iron plate , between which th e rock i cru bed. When "-om at the lower end tll y 
can be im·erted and thu pre ent a new \Y earing urface. The cbeel<s I I fit in 
r ces~e on each ·ide and hold the chilled plat P Pin place. By chun giug the po ·i­
tion of the cheeks from ri ght to left when woru, both willllave an w urface. J i the 
movable jaw. It is supported by the round bar of iron K, "llich pa es freely tbron<•·b 
it and forms the pi\Ot upon which it revolves. L is a spring of india-rubber, which i 
com pres ed by the forward mo\ement of the jaw and a i t its retnru. JJf JJ[ ar bolt­
hole -. Bi thefiy-wheel. O i thedriving-pnlley. QQQQareoilingtube!'l;RRRR, 
steel 1.> arings; 0, the toggle-block; N, the wedge; Y, tbe wedge-uut; S, et-scre"·s lor 
tightening toggle-block; T, bu hand key. The frame A .A. and upport Z Z are ruade 
of cast iron . This cru ber is being gradually superseded b.) the Ohall nge Rock­
Breaker, manufactured by the same firm, which ba mauy point s of snperiorit~ o'er 
the prccedmg, and i uot quite so delit:ate in con tructiou or so apt to get out of order. 

The Challenge or sectional cushioned crusber is represented in per ·pect i,- and 
vertical ection in I htte XLI, Figure, 3 and 4, which are copieu from th e company's 
drawing of a o. 5 cru ll er. Its cru lling capacity per hour il:l 9 ton when the jaws 
are et 12 inches aP,art and w!Jen its speed is 275 revolutions per minute. li'lint, ha.Hl 
ore that break with a suap, dolomite, hematite, anu ol.cl slags go through the cruslter 
at that rate in the same condition , but with anu or soft ore the capacity is sen ibl.v 
diminisheu . The 9 hor e-power indicated as beiug necessary to drive this cru ·ber i. 
purely nominal, and repre!';ents, o to speak, an average; in practice the driving eugiue 
should have greater pow·er, iu ord r to overcome irregular or unexpected re i tance. 

Tbe Challenge cru .• her consi ts of a three-sidL'd frame-work F, of ast iron, with ~t 
broad flanged base, holding the movable jaw in :suspension, which form th(l front part 
of the machine, between the upright convergeut jaws of which the stone is cruslled . 
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Tlle jaw.slwft K i~:> hcltl in place by wrought-iron or steel clamps 0, wlli ·h en ·e to 
tak part of tho train due to crushing in t ll e upp r part of the jaw pace, and al o 
·er\e a wall · thereof. Iu tbe lower part of tile tilree- irled frame, or fron part of the 
eru her, and on each side of it are hole · iu the casting to recei,· the main ten ion 
rods R, wbi cil couuect the frout and rear part of til rnacbin . Til rNlr par t B i 
called tile main toggle block. It i al o provided with hole · to r ·cei,-e tile maiu ten-
ion-rod · R R, corre pouding to t ilo e in tile front ca ting·. Tile ten~:>io n - rod R R a t·e 

provided with crew-Lhread aud nut N N, by mcau of wbi il tileir leugtb, and iu 
con equ nee t ile opening l>etwcen the jaws, are read ily adjusted to cru h coar e or fine. 

rriJ front and rear ca tiug · are suppo tell on parallel timber G G, to th nuder 
id e of wb icil are bolted the boxe carrsiug tile main eccentric !Jaft provideu witil fly­

wh eels and pulley. The e ti mber take tile tran ver e tra,in, which comes upon the 
pitman connecting the main sllaft and the toggle-joint, ituated in the rear of the mo\a­
bleja"· an d between i t and t ile main toggle-block . Between the broad fiaug d ba e 
of th front and rea r ca ting aud tb · timlJer on wbich they rest are placed fiat 
rubb r cu ·hiou 0' 0', on -fourtll to tbree-eirrlJtil of an inch t !Jick. E Yery r Yolu tiou 
of the shaft bdng the torrgl more uearly ioto line auu throw t be mo,·abl jaw 
fun-..·ard. It i · withdrawn by t h rod provid d with rubber pring L. In t bi way a 
·Lor Yibratory mo,·ement i ~ communicat>d to the mo,·ablejaw. Tb pirman R' Hi 
cou tru •t d o t!J a it can b l ngtbeued or Lortenetl and tlll1 cLang t'ue inclination 

f. tb toggle 0 0, and on ·eqtwntly tL lengtL of t b moYal>lc jaw J. 
'l'b great ad ,' antag of t!Ji macLiu oYer tbe old ty le i that of po essing 

ela t i p .rt rigid eno ugil to allow tbe p rfor man e of tL work de ire:l, but gi\' iug 
wny uud r a cid uta! train , ucL a th e introduction of a teel hamm r between the 
jaws. 'Ib fram , A i · maue of timb r. Th be t method of etting up tlJi toile­
breaker i to pla · its fram ' on four timber 15 b. 15 inclJes, eli po ed as is !Jown 
at X X' and Y. Til timb r~ ar pinned or bolted toget!Jer. 

TL • ~ llowino· ar th main part of tbe rna ·!Jino and tbc letter" usetl to in<.li ate 
them iu tbe tlrawing: 

A, timlJ r frame. 
D, OHlin toggle-block. 
" ' , rublJer cushion . 

D, fly-wheel. 
E ma;n pulley. 
F, main ca t-iron fralUe. 
0, timb ·r npport . 
H, pitman hnlf-box . 
I , checks. 
J, movalJJ jaw. 
K, j aw IJ uft. 

L, rulJlJ r spriug. 
L', priu()' rods. 
111, pit man-rod nuts. 
N :N ', ma iu tension-rod IHttd . 

0, to.-.<rle. 
P, jaw (chilled Illate ). 
R, ma in ten ion rod . 
R' R, pitman. 
R', pit::nan-rods. 

, main cceutric haft. 
'1', toggle bea ring . 

Tb Farrel Foundry and Machine 'ompany s Blake crusher i u eel a good deal 
iu Lead ,·illc. It i coustructed on very nearly tb c ·ame principle a the Blake 
Orusller 'ompany' eccentric pattern. lt pre eu t t!Je same appearanc , i t requires 
the a m amouut of power to produce tile am quantit.) of work in t he same time, 
and a complet u cription of It would be upertluous, ince iL an ·wer exactly to the 
de,eription of tlle eccoutric pattern . It differ from it, LO\\'C\' r , in onere pect, uamely 
t!Je substitution of a crank sllaft for tlle eccentric .:;haft. 
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Alden cruslt er.-Tb Alden cru;;:her and pulYerizer, i uot in u eat m Iter , ' bicb, 
when they ha'e any pu t' rizing to do nse ornish roll ; but it iH n e 1 at tb 
ling work , wh re a considerable amount of puh· rizing i don . The ja~ 
crusher differ e sen t ially from tho e of the otb r i u tbi r ' IWCt- tbat t heir gr O\'C 

are perpendi cu lar to the leorrtb of th jaws while io the other tb groo\ ar par· 
aile! to the len o·th. 

Fig. 1, P late XL <Yive a, p r~ pecti,·e vi w of tb .Aid n rn her, in wbicll 
portion of tb jaw and jaw.faces are ·ltown in ect ion . Th jaw ar hun g U[ n 
wrought-iron trunnions, th end of whi ·b project through and ar upport d by th 
ide of the f1·ame. lVIotion i imparted by link conuected with tb trunnion end · 

and dri,·en by studs pr~iecting from n lidin O' yoke b neath. Thi yoke i ounect u 
witll a crank- haft by a pitman . Tbe rotation of tbe cra nk mo' the 3·oke to and fro 
on a nearly horizontal plane alternately mo,· in g and pu bing th mo,able end of tb 
two ja s, and imparting a rubbin g motion, which i the mai n featur of the machine. 
Tbejaw may be adju ted at 'arying eli tances, o as to obtain a produ ·t of varJ in g 
degrees of fi neuess. 

The Corni ·h rolk, n eel by botil the smelter and ,ampler for grinding tb ir 
amp! ·, on~i. t of two steel c~· linders, 1~ inches long and 6 iu be iu diamMer, con· 

nected by coo·.wbeeL, dri,·en b.r pulley and tran rni ion belt, and fe l by mean of a 
thiu sheet-iron funnel, bavinrr the bape of an inverted truncated pyramid. The e 
roll are u ually et one-eighth of an inch apart. 

AS 'AYING. 

In Lc:>adville a aying is quite an importan t braucll of the minin g and melting 
iudn trie . In addition to the as ayer attached to all t he melting and samplin g 
work and to tb principal mine , there are no le than twenty independent a a.yer 
re iding in the city and lHI 'l'ing their own a ay office . Be ide being em ploy d as 
refc:>ree aud expert in ca e of di pute between mine and melting works, the latter 
are patronized by the pro ].)ector' and small miner . 

'l'be chief a ays made in the camp are silver; gold, lead, iron, and gangue as ay , 
and at orne melters pecifiC·!ITavity determina tion of lag . 

Furnaces.-Th labora tories are generally provided with permanent crucible and 
muffle furnaces~ made of commou brick: lined with fire brick, and placed ide hy ide, 
as is shown in Plate XXXIX; but very often the two furnaces a re separate. 

By mean of the damper D' and D' in the chimney, the assayer can regulate th e 
draft and the intensity of beat in the furnaces. Th e aperture A B 0 D are clo ell 
by mean of beet·iron plate , ea ily removed by tongs. Occa ionally, porta ble cla.v 
fUJ'oace , of .American and English manufacture, are used for cnpellation. 

Pulverization.- The ores and la g are, fir t of all, coarsely pounued in a cast-iron 
mortar (Fig. 12, Plate XLIII), a form of mortar that is not well adapted for this u e, 
·i11 ce it i too thin and very often brea ks before the stone does. The coar ely pounded 
material i then ground on the buck-pl ate. Thi cou i ts of a ca t -iron plate (Fig-t>. 
!) and 10, Plate XLIII), about an inch thick, faced u one ide, and provided or not 
with flange on each , iue. [t re t on a firm table or timber support. The ore is laid 
on the plate and ground with the bucker. The bucker (Fig. 11, P late XLIII) is a mas 
of ca t iron, with a c linclrical lower . urfa.ce, fa ced on the plate side, and fixed to a 
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wooden b~mdle. Grinding i performed by placing the left hand on the bucker holcl­
ing the handle in th e ri ght band , aucl moYing the bn ker fo rward an d bnckwa.rds, 
at the ame time lifting and lO\Iering th e band! , aou exerting a sli ght pres ·ur ' ith 
the left hancl. While all !hi is going 00 tbe bucker i al o rooYed from the left to tb , 
right ide, and inver ely, o as to in r ,, e th e grind in g urface. All this i much 
mor ea il_v perform d than tle crib d. 

'Ih e pulverized ore i th en p a. t•d through sieYes of 70 tc 0 m she to t he lin ea r 
inch, repre ·en ted in Fig. Pla te XLIII in ele,·at ion . The meta lli c cloth of the ie>e 
i made of bra . It i · aclju ted to a tinned -iron circular frame, b: fitting in a circular 
tinned -iron box, or du t-r cei\'er, a. Tbi · i a" ry com·enieu t arrang ment, th e los 
in clu t i >ery mall, and the mixin g of the du ·t tal' <' ptac ·at the sa me tim a the 
, iftiug. 

Crucibles and scorifiers.-Fig, . 3, 4, and 5, P lat XLIII, repre ent the cru ibl ' , 
ori fier. and gold. -a nne ali og cup whi ch are mnnu fact nred b_y th e D >u ,-er Fire ' lay 
ompany . The gold-ann aliug cup and corifier ar imilar to th European on e. 

in appearance, but greatly inferior to them in quality. 'Ihe a , ay crucib le , tbr e- ix­
te nth of au inch thick, a re probably the thinn e t clay 110t u eel in a a_ying in any 
country. They are very conveni nt for the reason U1at., with a low t mp ratnr in 
tb furnace, th a ay fln xe become ca ily flnid but they never sta nd roor thau t\TO 

run in th rnciul furnace. 
Cupels ·- up I ::~r alway made in th a ay laboratorie in bras mol is, the 

proc b ing too w ll known to d emand de cri pt ion. TheiL' form auu ize are howu 
in Fig. (i Plat LUI. 

Muffics.-Th muffle made by the D nvet' Fire Cla Compa n ·are good. 'Ihey 
are g 11 rally large t>no ugh to hold from 12 to 16 corifiers, enabling the as ayer to 
a ay thre or four ample ·· of ore at th ame tim e. 

Tools .-'Ih corifier tong , upel tong , crncibl tongs rakiuo- ro<L, anvils, ham­
mers, hi l , t . are imil ar in eYery r pect to th o c universally n e<l in a saying.· 

Slag molds.-T!Je mold into wbi<;b are poured tb crucibl and corifier sla gs are 
p culiar, and ar r pre en ted in Fig, . 1 and 2, Pla te LUI. They consist of a beet 
of ca iron <li>ide I into 12 conical moll . '.£bey ate ver. com enicnt, the lea tl buttons 
and ln g ooling rapidly ou a ·count of tlt tbinnes and Iaro-e s urface of the mold. 

Fuel.- ok i u ed in the crncibl furnace a nd cha rcoal in th muffle furnaces, 
bnt om tim coke an(l barcoa l are mix din the muffle furnaces. 

Balances.- Balance apabl of weigltin g from four pound to one-, ixteenth of a u 
oun · are u ed for thee tir11ation of moi ture in the ore; ba lances weighing from 100 
gram. to 1 milligrnm , for tlte ''eigbing of corifying and crucible a says ; aml tho e 

n~itive to tbe tenth of a milligram , for th e weighing of ilnr prill and gold part-
ing!'l. 'Ibese ua lan · m- generally manufactured by Becker c Sons, of e w York. 
'Ilt y offer· 110 p culiarity in construction. 

The treights n ed in a nyino- are grnrnmP. weight for lead , iron, and gangue 
a says, and i lv r prill , or gold pnrtin g ; ]Jut the ore, lags, and bullion a re weighed 
in a say tons, wbose , ymbol i . '1'., or it ubdivi ion . 'l'be weight box conta in 
oue- tent,h of nn a. ay ton, or -(o A. T., 1~ A. T .. A. T. , 1 A. T., 2 A. T . Some boxes 
ontain be ides 2

1
0 A . T. a.ud 5 A . T. Tlre. y tem of as ny-ton weight introduced by 

Prof. C. F. Cha.ntller, of the Scltool of )'line , Columbia olleg .r ew York, i as impl e 
a~ it i · ingenious. Th e tou of 2,000 ponnd · n,·oirtlnl ois is equal to 32,000 ounce ' 
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a, ,·oinlupoi · or to 29,.:.66 oun ce tro. ·,or to 907,1 0,000 milligran1 . 'l'b ''eigh t f tll 
as~ay tou i ~9,1G6 milligram , cou cq uently each millig ram r pre··eut one ounc t roy 
and 29,166 milligram ' r pre -eut ou e ton. \~be n the rna terial to lJ a ay tl for preciou · 
metals is \Veighcd lJy tlle a sa.y tou or it multiple', tlle weig ht of tho pr ciou m ta l 
in milligram , or multipl s of the milli gra m, corre pondiug to tho e of the a ay ton, 
expr ses in troy Ottnce the weigllt of gold or ' ilYer contain d in on ton of or or 
lJullion . A few exaruples wil l illustrate tbi ·: 

1. Twent;y-nine thousand one hundred and sixty- ix milligrau1. of bulliou, or on 
as ay ton, give after cupell ation a button of silver w ighing 205.5 111illio·ram . 'l'lli 
shows that one ton of tlli bullion coutaiu 205.~ ounc tro.r of ilver. 

2. One-half au a ay ton of slag give , after a -ay ing, a button weibhiug 12-
willigl'a ms; thi hows that one ton of lag contain 3 onnc troy of ih·er. 

3. Oue-tenth of an a ay ton of ore contai JJ. 3 milligrams of ilv r; thi 
bows that one ton of or as ays 30 ounces tl'oy of il 'T r. 

The laboratorie are provided a l ·o with and-bath fia k , b akers, dish , lJu. 
re ttes, and a few of the vriucipal reagent u ed iu a aying by the \Yet way. Irou an tl 
ga ng ue as ·ay are regularly made iu the wet way, and occa i ona ll ~- tbe ore i a ·ayed 
for ulpllur and arseuic, t h , lags for lead, the ores a ud flnx for lim e a nd magn ia. 

Silver assays.-Tbc general proce u eel by commou on ent in Lea<h ·ill ' for or 
a ' ay i the coritication proce , a rapid and accurate metl10u. orne mine , Lowe,-er, 
requir~ crucible a ay . Tlle corifi.catiou proce · i · ·o well known and o fu lly de-
cribed iu text book· that i t will not be in ist d upon . Tlle a ay of each a mple are 

mad in three or four corifier . One.teuth of au a ay tou is weighed for each scorifi r, 
a nd tb eu mixed with ten time it weight, or one a a,y ton, of pure granulat d lead, or 
ratL r witl1 a granulated lead wllose content · in ilver ar kuowu a nd ub quently 
ubtract d from tlle silver button obtained. The silver-prill · are weiglle<.l to tlJ e tenth 

of a milligram, and each of the e division corre pond to au onn ·e to the ton. A 
little borax i alway u ed to corify the oxide of iron and other lJa ' e . Slag, like 
ore , i a sayed by scorificatiou; but tLis proce ought to b abandoned an<l t lle 
crucible proces ub titute<.l for it, eLiefiy for the rea. ou tllat iu the crncibl tLe a say 
may be made with one a ay ton if ueee ary, tllis quantity not being ex e ive for 
the estimatiou of 1 or 12- ounce of ilver to the ton. The crucible u ed iu crucible 
a - ~ays are tho drawn to cale in Figs. 0 and 5, Plate XLIII. A mixture of 

Powd r d ore ...... - .. .. ................ -.. . . . . . . . . . . . . . . . . . . . . . . . 1 as ay ton. 
Litharge .. .... .............. ...... ...... ... ... .... .............. .. 1 assay too. 
Bicarbonate of soia .. . .............. .... ......... .......... ..... _.. 1 assay ton. 
Borax ...................................................... . ...... t :1 ay ton. 
Argo! ................ .... . ..................... ..... .. ........ .... -(u- a · tty ton, 

or orne imilar mixture, for each as aser lJa biH favorite flux , i fu -ed i11 th em, 
i11 the prel'lence of an iron nail or rod, wbicl1 , boweYer, some n ayer di 'P u ' ' ith 
altogether. 'l'he mixture is geuerally <.:overed with a layer of borax or co mm ou alt. 

Bullion assays.-The a ay are generally mad e on a car-load ~ample, repr euting 
10 tau·. 'rwo piece · of lea.cl are detach ed from th e top a.nd bottom part of cauL bar 
of bullion forming th e car-loau (iu gen eral400 bars); all the e are melted togetller iu · 
a, plumbago crucible, und r a C0\7 Cl' of li\ e charcoal· t he cLarconl aud cum are th u 
r ' movec\· tbe sampie, well mixetllJy •tirrin g, i. poured in to au ingot molcl (a bullion 
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on<.~ ) ; the bar obtaiued is about one inch thick (Fig. 7, Plate XLV) . Four piece are 
detached from it with chisel and hamm er, as hown in a, Fig. 7. One-half an a!:i ay 
ton is weighed from each piece, and cupelled, and tb assay carrieu ou a usual. 

Gold assays. - Gold assay are mad by dis oh-ing the ·ilver bu ton in weak 
nitric acid, as usual. 

Lead assays--Ores aud slags are a sayed for lead in th crucible. Fi'e gram 
of the pulverized ore or slag are mixed with 15 grams of a flux composed of 

Borax .... ........... .................. . . ... . . . ... . ...... _ .. ... ... __ . _. 1 part. 
Bicarbonate of oda ... -- ..... __ .. . .... ______________ . __ . __ .... __ . . __ .. 4 part . 
.A.rgo 1 .. __ -- ____ .. ____ .. .. __________ .. ____ .. ____ .. .. . . ______ .. ______ .. l pa.rt. 

Flour . ..... ------ ..... . ....... .... . ·-- - ----·--- ____ --------·.·----· .. t pa1·t. 

or some analogon flux. The mixture is fused, with or without the audition of au iron 
nail or rod, either in the crucibl e or the muffle-furnace. vYlJen tbe muffle i u eel tile 
crucibles, represented in Fig. 5, Plate LUI, are placed in it , to~·et lJ r with la.rge piece 
of cbarcoal, to produce a reduciug atmo ph ere, and tl.le frout of tbe mufti i kep t clos d. 
In both crucible a.nd corificatiou assay the lead buttou aud lag·, wbeu takeu out of 
the furuace, are rapidl,y poured in to tbe mold , howu in Figs. 1 a ud 2, P lat :XLIII. 
In lead a ayiug- t!Je button of lead, detached from the lao· after cool in g, i weighed 
in gram' audit fra·tiou ' and there ult, multiplied by _20, gi>es the percentage. 

Iron assays.-The ore ar a - ayed for iron by J\laru·uerite's well-kno' n lmrette 
proce , \Yith a standard solution of v rmano-an ate of pota h. 

Estimation of gangue.-Gangn i determined by eli olving the ore in trong bydro­
hloric acid or aqua-regia coil cting tbe in oluble re idne ou a filter, wa bing well, 
alcining, a,uu w irrbing. Some a a. ·er ' en1porat t he olutiou to dryness at 1000 C. 

b for filteriug, in order toe timate botl.J gauo-u an l oluble silicA . 
Estimation of moisture.-1\loisture i~S d tcrmin d in tile ores by d iccation of one 

pouud of ore placed in a c pper pau over the mnffie-fnmace or oYer a saud-bath 
heated by a k ro ue lamp. 

Specific gravity determinations.- T!Ji operation i performed e>ery cl:.1J7 at a f w 
m It >r on th Jarrs of ea h fu rnac . lt e ms an un neces a.ry operation, fir t, becan!:ie 
up riutendent~ ought to rely olcly upon careful a a_y for lead and il>er; second, 

b can e, with a li ttle practical ex pericuc , th e mere appearance of tl.le slag i more 
reliable than its pecific gravity; third, becau e those who determine dai ly the specific 
gradty of lag· and their content iu lead and ilver ba\~e ne>er been able to find a 
relation betwe u th tbr e data. Iu t lle analytical study on the slag made specially 
for this report it wi ll be seen t ba.t tiler is uo relation wl.tatc-wer between the contents 
of lead and ilver; and at the sm Iter it is admit.ted that the specific gravity of slag 
ma._v b r.t ised b other ubsta.uces tl.lan I ad- by irou, for instance. 

T!Je specific g-ravity determination are carf\fully made by m~ans of the Jolly 
~;pecific gravir,y pring--balance, r pr ,ented in Fio·. 2, Plate XXXVIII. Tbi in. tru ­
meut co usi ts of a wooden o·allow ·-frame, at tbe end of whose horizontal beam is uts­
penued a delicate wire ]Wing, lH'O\' ided witb a small ivory iudex, J', aud a small bra. s 
pan, P u p ndetl from the sprin g by tbr c wire~. Ou the face of the \-ertical beam, 
jookiuo· toward the spring, is a mirror, carefully grad ua.ted in milli meter . A beaker, 
three-fourths fi lled with cli.' ti ll ed water, i placed ou a tc ud, S, which i ' provided 
with a set-·crew, aucl move· up a.ud down t lw vertica,l beam. 



636 GEOLOGY AND l\l"INI G I DUSTRY OF LEAD ILLE. 

To mak:e a pecific gravity determination tbe y i. placed in front of th mirrot' 
in , nell a po ition tllat t he pupil of tbe' eye, tbe upper l)art of t iJC ivor·y index, tlle 
oTa<l uat ion ou tl.te miJTOr: and tbc ima rre of tb pupi l in tho minor are broug lt t into 
lin . Tbc number of di'i. ion at tbi poin t i x. A , ma.l! pie of slao· i · then pia d 
in th e pan P; the di\i ion to whi ch the h·ory index i lo\r r 1 is t~ n arf'ful l.y 
noted; let tbi be call d x'; th en x' - x rcpre eut tb weight of tbe lag in th 
aiT, cxpre. d in divi iow·. Tbe t~Lntl i then raised until th e lag clip into th 
"'ater and tbe inrlex ri e . T b number of di'i ion i one mor carefull y noted ; 
let it be expre ed by x"; x'-:r;" r epre ent tb \l't'' ight of tlte \Oiume of i b water 
displace<l by the sla.o·, con Cflu ently t h 11 ific Ta~· i ty will be given by tb forruul~t 

x'- x 
x'- x"· A little correction is ncces ary with this in trum nt · x" JlOul<l in r ality b 

x " + x"'; x"' beinrr the numb r of diYis ion lost b\- the pan wh eu immer din wat r. 
Tbe writer l.t a , uc\·i e<l a littl in ~t rument, ea:; to carry, a, Y to con truct, aml 

self. correct in g, for tlle det~rmination of pecific graxity. It con , i t of a te t-tnbe 
balln. ted "'ith di, till d wa t r ancl fl. on t i ng in a proof. o-Ja s fi li ed with d i tilled water (, ee 
Fig. 7, Plate XLII ). Tbe test-t nbe is carefull y grncl nated ; th lc\el of th water :r, 
outside of t iJ e tube, i noted, a 'l'ell a the Je,el of the \rat r y in ifl of the tnbe. 
A mall pi ec of lag or mincml i introcln ed into t it tub , whicll . ink a rtain 
number of di \·i ion x'; .7:1 repre cnt its " igbt. Tb e water i rai (1 in i<.le of 

I 

the tube a certain numb r of di\i ions y' · y' repre cnt it YOiume ; ~give it pe-
y' 

cific gravity corrected for temperature. One of tl.JA g reat advantno- of tb i in tru· 
ment i that pecifi.c g rav ity determinations can be mad e witb almo t a much accu­
racy with common water as with distilled, the weight an d \Olnme of water bei ng elf­
correcting. 

SECTION II. 

MATERIAL U ED I SMELTING. 

GENERAL CONSIDERATIONS. 

Smelting i conducted on exactly tiJe arne principl by a ll t he smelter t hrough­
out tbe camp. A b uno di ce omne . Tbe ore i invariably melted in blast furnace 
liued with fire·brick, a nd provid P-d with water-jackets at the zones of agglomeration 
and fusion; dolomite, bem c"t tite, and old .. lag being used a fluxes, a nd a mi xtur 
of cha rcoal an d coke a fuel. In one 1nclter oul y a li t tle metallic iron (old llo r e-
ho ) i ' used for tbe reduction of galen<L when pre ent in certain proportion in th 

or , but even at thi smelter i t i. an accifleutal rather than a normal operation. TIJe 
facilities afforde<.l to the melter by nature in thA Leadville region arc r eally very 
great ; t here smelting i practically rednced to its elementary principl e . 'ril e ore 
is, o to peak, "roasted by nature/' since cern ite is eviden tly iu all case t.ll 
re ult of t iJe oxidat ion of ga lena; it requires no preliminary preparation sa\ C cru I.J . 
in g, and for about one-fifth of tlle ore, wbieh co mes out of the mine in tlJe • t<ttc of 
saud, thi i , of conr e, dispense<.l with; tbe quantity of matte and speiss fo1 med is 
small; a goo<.l quali ty o: hematite is foun<l on Breece Bill, though it i~; used l>nt. in 
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swall quantity, owing to the fact that tbe ore tllem eh ·e often contain th requ i it 
qmwtity of iron to form slag, and to reduce arsenical, antimonial, and ulpllur L com· 
pound of lead. Dolomite, a will b seen later, form s as gooll a flax a carbouate of 
lime; its chief defect is that the htg formed is less fusible than pure lime.aud .irou 
!': In g. 

Before the railroads reached Leadvi lle the smelters were compell d to u e 
dolomite. Since that time it is aid that a smelting firm ll a adopted tb u of 
Jim~ toue \\·ith good re ult · and that it use is likely to b com gene1·al iu tl.le cam p. 

Smelting in Lead Yille at the present d::~y is ue\eL' badly p rformed, chiefly for 
th e reason that all the furnace are con tructed on the ·ame principle nnd ar pro· 
,·ided wi th the la,test irupro,·emen t . 'Ihc iillperfect ions in smeltin cr arc generaUy 
intentiona l, and are ba ed on econowical oround wllich are iu them elvc nuattack· 
able an(l r nd er critici m usele s. Still, it must be tated that a-!' " smeltiu!! firm 
b ;n~ e brought ' m >lting in Leacl\ill to actua l practica l perfection, aud in their couomic 
re · ults the ·e are the roo t ucce fu l. 

STATJSTICS OF LEADV[LLE MELTER . 

In Table lV wi ll l>e fonnd t he following information, compiled from da ta gath 1·ed 
by ·pe ia l xpert!: for Mining Statistics of the Teuth 'en.·u and by til writer for the 
y ar enuing June 1, 1 0, each melter b ing tle ignated l>y a lette r: 

I. Annual co11 ' umpti on of ore. 
II. nnual con umption of fiuxe ; th ir nature and o t. 
lii. Annual com:umption of fuel " tb ir natur and cost. 
IV. unna l production of bullion; it ' coDte.nt ·, and cost of tmn ·portatiou. 
V. I elation bet ween ore, fuel flux ' bullion, and ilver. 
VI. Plant of each m Iter. 

II. Labor; amou nt ti m •mployeu, and co t. 

TABLE IV. 

J . ORE. 

I A . n. I c. __ n_._., __ E_·· __ ', -~~ G. I _ _ H_ . __ , __ _ r_. _ , 

1 Tons . . . --10-, -23; - 38, 000 I 18, 5~0 - 4, 200 . 41L 5, 793 1 25,464 1 12,000 (a) 

1 ----~----~--~----~----~~--~----~------~----~----~ 
a No data. 

1. Dolomite. 
2. Relllatite. 
3. Av rag p r ic of dolomi te per tou. 
4. Average pri o of hcnmtitl:l per ton. 

iT·--· - ~--A. -, n. -

l_ 1-----:- -- I 
1. Tons . . 

2. . do ... . 

3. Dollars 

4. . . do ... 

232 

280 

2. 0 

8. 00 

5, 3 
1 

4. 

10. 

12 1 
43 

00 I 
00 

c. I 
4, LiO I 
.1 , 774 

3. 50 I 
9. 50 

a.t;o,lntn. 

U. Jo'LUXE. 

D. E. F. G. I H. I I. 

250 440 964 2, 4Gi (a) I (a) 

292 r. 7 l, 162 2, 968 (a) (a ) 

4. oo I a. 50 3. 50 • b L. 25 a. 50 (a) 

11. 50 G to 7 9. oo I 8. 50 10. 00 (a) 

b Cost of haL> lin . g 
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1 

2 

I II. FUELS. 

1. Charcoal, in bu bels. 
2. Charcoal , in tons. 
3. Coke, in tons. 
4. Proportion of charcoal to coke at !'acb smel ter. 
5. P ine wood, for boilers, in cords. 
6. A'l'er age weig h t of cord of pine ''ood nsed. 
7. Cost of charcoal per bu bel. 

Average price of charcoal per ton. 
9. Cost of coke v er tou. 

10. Co t of p ine wood per coni. 

' I I c. I I 

A. B. D. E. F. 

---
I 88, 760 i 1, 094, 870 

----
Bushels 606,558 76, 791 200,000 279,498 

Tons ... 1.am I 7,664 3, 546 537~ 1, 400 1, 956! 

. ... do ... 3, 300 4, 8go 2, 10 263 700 810 

G.~~ 
563, 087 (a) I (a) 

a, 9416 <a> ca> 
2, 550 (a) (a) 

4 

5 
6 

7 

8 
9 

10 

. , ... rlo ... . 

. Cords .. 

0.4 : 1 

1, 040 
I ]. 5: 1 

3, 600 

1. 2: 1 2: 1 2 : 1 2. 4: 1 1. 5: 1 (a) (a) 

I , 200 400 760 750 (o) 1, 200 AOO 
Poun<ls . 3, 000 ~. soo I 3, ooo 1 3,000 , a,oooto3 ,500 2,oooto3.200I 2,000to2, 002,000to2,8oo (a) 

Cents .. 10 to 15 10 to 17 I 10 to 15 12 to 18 10 to 18 I 10 to 18 13 I 10 to 12 (a) 
Dollar&. 18.57 18. 57 1 I 0 57 18. 57 i I 0 57 1 18. 57 1 1 57 I 18. 57 1 (a) 

... . do . .. . , 2 0 60 25.58 au aw 2.00 •oo aw nso (a) 

... . do . .. . 4. 50 4. 75 1 5. oo 4. 75 4. so 4. oo 1 4. so 4. so (a) 
I I 

Average. 

1.33 : 1 b 

····-· · ··· 
... .... ... 
......... . 
·· ···· -· · · 
··-···· · ·-
. .. ...... . , 

a No da ta. b Proportion for whole camp obtained from 2 and 3. cCharcoal screenings, but Uttle wood. 

IV. BULLION. 

1. Tons of bull ion prodnced . 
2. Average t<'nor of bullion in ilver (ounces per Lou). 
3. Average tenor of bullion in goltl (ounces per ton). 
4. Tota l amount of silver in ounces. 
5. Freight to the Ea t per ton of bul lion . _,_, 

A . B. I c. I D. I E. F. G. H. 
_ I. I I 

1. Tons .... 1, 752 6, 200 ' 4, 436 503 1, 240 1, 321 4, 012 5,000 (a) 

2. Ounces .. 404.5 328. 53 250 250 300 300 450 300 (a) 

s. .. . do ..... 2.08 None I None N ono . 15 Nono X one . 15 (a) 

•• ... do . .... 708,684 , 2, 036,886 I I , 109,000 125. 750 I 872. 000 I 396, aoo \ 1, 805, 400 \ I , 500,000 \ (a) 

5. Dollars . 40 to 45 (b) (b) I (b) (b) 27 to 35 35.00 35.50 (b) 
I I ' 

a No data. b Paid by refiner. 
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V . PROPORTIONAL REL.A.TfONS. 

l. Parts of dolomite to 100 part of or . 
2. Part of h emati te to 100 parts of or . 
3. Parts of fuel to 100 pat·! of ore. 
4. Part of fu el to 100 par ts of sm~::ltin" cburgcs. 
5. Bullion extracted to 100 part of ore. 
6. P ercentage of lead extracted in smelting. 
7. Percent.age of ilver xtracted in melt in g. 

Charges for smelting per ton of ore in dollar . 
9. Co t of smelting per ton of ore, in dollar . 

10. Average a ay of slag, in oun ce of ilvcr per ton. 
ll. Average as ay of flu e-dust·, (u on uce of ·ih"er per ton . 

.A . B. _c· j_n. E. F . 

1. .. .. .......... .. 2. 27 13. 98 22. 43 5. 95 5. 2:1 16.64 

2 . ........ .. .. .. .. 2. 73 . 37 9. 54 6. 95 6. 98 20.06 

!:::: :: :::::::::::1 45.35 •a. o4 34 . 19 19. OG 24.96 47.76 

36.25 23.33 22. GO 15. 33 10. 33 1 32.50 

5. . . . ··- · ·· · ·--- 17. 11 16.31 23. SG 11. 98 14.74 1 n8 
G ..... .. . . ..... .. -to 88 86 to 01 FS 85 to 95 85 to 00 00 to 93 

7 .. . . .. ........... 100 95 to 97 97 to 05 9' 97 

8 .... ...... . .. .. 15 to 30 15 to 30 I 15 to 30 12 to 25 1; to 30 1 15 to 30 

0 ... ...... ........ 12 to 18 1 to 23 10 to 15 13 to 16 15 to I 13.00 

10 ....... .. .... .. . ~ ;l 0.5 1.5 1. 5 1.5 

11 .... ... .... .... .. 36 37 36 35 35 I 36 
I ·-

G. H. I. Average. 

9. 69 Nodntn. No dnt.'l. aJO. 88 
ll.% No data No data a .a 
25. 49 ~ o data No data a32. 83 

10. 00 No dnta No data a24. 03 
15. 75 41. 6G No data a20. 53 
87 00 85 to 00 88 
9 . 5 97. 5 96 06. 5 

. 15to30 15 to 30 15 to ao 22.00 
13.68 15. 00 16 to 18 15.25 

1.5 4 1. 5 I 2 

36 37 37 I 36 

a These fl~o n.vorngo• w r re obta1oerl b rl•~ulmg by sevrn tho snm of tb respecth·e proportions gi~en for ooch 
smelte r from which data were obtain d. This gi~e• a tnt 3\'ernge of tho proportions for each smelter, but it mig ht be 
consi!lo•·c<llha t a lrn~r a,·erngo for tb camp wonld b obtained dit· tly from th e total of or~, flux es, and fu el consum ed 
d uring tb e year by th es s ,. n sm Iter . al uluted in tbi " ·ay, lh a~erngo proportion are, r espect i.-ely, dolomite to 
ore, 12.50; hematite t oro, R.51; fu el to or. ~ 1.09; fu el to r harge, 23.31 ; bull ion to ore, 19. 94. 

VT. PLANT OF MELTE RS. 

1-
melt or. I _ .a_. l_n. C. D. t E. 

F . G. ! H. I I. I I ---- -------- --------·----- - ----
1 1. 

Fnroncc~: 

r in oso .... . 1 I (a) Numl:l 2 6-3 2 2 2 2 3-1 2 

I (b) . ha p · ······ ·· ·--- · R ounrl . Round- quar . ]{onnd. quare. ~quare. Round- Round. 

(c) Wm·king capacity: J 1

_ qun ro. square. 
I 35 to 40 180 70 40 50 60 120 100 50 
I 

I ~ . !;t 

ton• p r U hours. 1 

nm-cugin ~: 

(a, )iumber.i n nso . .... , l 2 I l I 2 1 

(bl H ors pow r ...... 

1 

40 JGO 50 40 40 ~0 70 and 50 100 GO 

(d .A\""nr ngo ~ t enm 00 70 GO 65 ' 70 65 

I 
GO so 70 

prcs~ut o, pounds . I 

S. !'\ton -b r nk rs : 
.. . .. 1 

I 
I I (ll ) Numbot· in na 2 3 3 2 2 2 

1 (b) Capacit y numbers .. , No.5. Tos . .A , 2, INos.A, 2, 1 No. A . Nos. 1nnd Nos.O INos. 2 aud No. 5. No. 

,4. Co~nish ro~l s: , 
and 5. and 5. 5. a nd 4. 5. 

1 
:Nu mlJ r m uso .. . ... . . . Nouo. 3 I 1 I None. 2 one. 

5. Other r ru shcrs . ...... .... a stump- Pulver- None. None. None. mall Kone. Nono. one. 
bat tery. i zcr. mill. 

6. Blowers: I 
ff'l.) Number in nso 9 2 2 I 4 4 2 

(b ) Capacity numbers .. N o. 5. :1\os. 4 . 4~. No.5~. No. 5. Nos. 4~ No.5. 

~~:~:~ ~ 
Nos. Sand No.5!. 

7. Dus t hnmbr rs: nutl 5. and 53. ~~. 

(a) )imnbor in use ..... 2 2 2 1 2 

(b) Cons tnlct.i ou mntc· Bricks. hoe t· J.Amo- Sho t,. Bricks. . b et- Bricks. Sheet- 'b et-
ria l. iron . s tone. iron. iron. I ll'OU . iron . 

I 
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Vli. LABOR. 

1. 11'11mbel' of each class of employees per 24 hours, when works are in fullbla.st . 

A . c. D. I E. .F. G. II. I . 
---------------_______ I ___ --- ---1---1 

Staff ,oo. oooooooooooooo • • oo .. 9 G 5 5 5 5 

General foremen . 00 ... 00 00 .. 00 00 .. 00 .. 00 00 00 . 00. 00 00 00 .... 00 00 00 00 .... 00 00 00 00 00 00 00 00 00 2 

Foremen .. . . .......... ... ... ...... ... . 
H ead smelters 00 ... 00 00 . 00 00 2 

' lag wheel ra 00 00 .. 00 00. 00 00 00 .. .. 00 00 

Feed ra . ... oo •• oo.oooOoooooo 

Helpers .. 00 00. 0000 00 .. 00 00 00 32 

G 

27 

32 

27 

Eogin rs .... . ..... . ...... 7 

2 

8 

26 10 

Fuel men oooo oo-•oo oooo••oo• ..... oo ... ooOO • • oooo 000000 00 .. ooOO .oooo· 

Day laborers . .. oo. 0000 00 00 00 ... oo oo 00. 81 60 to 70 10 to 15 

2 

2 

12 

2. L<~>!Jih of shift for <mployUB (in hours). 

4 

8 

20 

~;;:~~nfo~~:~~- ::: :::::: ::: ··---~;- ··i····. -~- .. , .... ·;;· .. .... ·;;· .. , ..... ~;- .... .. ·;;· .. 
H ad smelt~r 0000000000 .. oo • 12 8 12 12 I 12 12 
Slag wheeler 00.00 00 00 . 0000 00 12 12 12 12 12 1~ 

Feeders . 0000 00 00 00 00 00 00 00 00 12 8 12 12 12 12 

II lpera oo oo OOoo OOoo oo oo oooo· l2 12 12 12 12 1~ 

Day laborers 00 00 00 00 00 OOoo 00 12 10 10 10 10 10 

Engineers oo .... ... oo .... oo. 12 8 12 11 12 12 

Foelmen oooo oo --oo-..oooo.. 12 8 12 12 12 12 

3. Wagu per shift of employeu. 

General foreman ooOO OO oo•oo • 000000 .oo 

Head smelter 00 ... 00 00 00 00 .. $4 25 $3 00 $400 $4 00 $400 $350 

Foreman .oo .. oo oooo•oo•oo ••· oooo .. oo .. 

Slag wheelers . .. 00 .. 00 .... 00 00 00 ... 00. 

4 00 4 to 6 00 5 00 

300 

5 00 ooooooooo • 

400 1 303 
Fe ders . ... ooooOOOOOOoooooOO 000000.00. 3 00 4 00 3 50 

Helpers 00 .. 00 .. 00 ... 00 00.... 2 50 3 00 

Daylabor•-s .. oo .. oo oo oooo.. 250

1 

250 

Engineers .... .. ..... .. .... . . ... .. ... 3 50 
Fuel tnen ...... . ...... . . . ......... .. . . . .. ..... . . 

300 , 3 00 3 00 

00002•~ - 11 oooo ~-~~ i OOooo~-~~ -
• ooooooo oo . oooooooo. , 300 

I . 

4. Ago reg ate salary of staf! per month. 

I Aggregate 00 .. 00 . 00 00 00 00. 00 1 $8i0 1 
1 

$1,350 I $t,4oo 1 
I 

$700 1 
J 

$1, 1oo I 

350 

3 00 
2 50 

$800 

5. Totalsalariu and wages per twenty-four hours. 

13 

12 

13 

8 

20 to 25 

2 

8 
9 

8 
10 

10 

4 

3 

5 .. 
20 

$5 00 ooooOOOOOO , OO OOooOOoo l 

300 400 450 
300 $400 1' $400 

250 3 00 300 

3 50 3 50 ( 400 1 

3 oo J' aoo 
250 250 

3 00 

2 50 

::::::: ::: ::::::::: ·1-

$900 1 

l:,otal.. ......... .. ........... l $197 50 I $697 50 I $328 o2 l $L22 51 I $110 16 !_ $140 30 l $232_j .$176 30 I No<lata I 
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CONSTR CTION MATERIAL . 

Common brick. -Tlle brick u eti iu the cou tmctiou of outer \ra il a uti tlu t­
cllamber arc made from clc ;ys found in California au<l Bio· Eva11 g ul ·lle ' . They nr 
made in a very imple way: Into a wooden mold (Fig . !) and 10, Plat :X.Ll V ) d i ,-ided 
into tllre compartm uts ba,·iug the sbape aud dimensio1t of uri ck ', a lultlp f tbe 
clay, brougln, to the proper dearec of cou · isteu c~- , i jammed at one biO\Y \Yitl.lout ub­
sequ nt fiort or Ire nrc. The cxce. · of clny, r>pre en ted usc iu Fig. !), i~;; cut o1J by 
mean · of an iron wir uoth eud:s of wllicb are fi xed to a wood eu bandle (Fig. 11, I late 
XLIV). Tbe mold i · tb en re,·er cd and gently ~;bal;eu . Tll ll ta ·ll ed brick ar 
dried as u ual in loug rows iu tb air. Tbe;y are tlH•u piled up in large stack aud 
burned. 

liuiug of furuace :tre $C ut to L atll"ill , 
clliefly from the manufactory of '1 -1· . . Evans ~ - Howard, t. Louis, 1\li · ·on ri: and 
a! o from the ambria Fire-bri k Cotupany, Golden, Colo., aud from the J CttHr l-ire­
clay 'ompa uy, Denver, olo. 

Tapping ciay.-Gooti pla tic and re1ra ·tory clay i needed for t_ymp -stone · tap­
hoi tamping, anti steep (bra ·qne) ns d in the liuiu g of furna ·e cruciLle.. Tb e fol­
lowiua anals i of tappina clay fouucl iu Big Evan· gulcll aud u etl at tllc Graut 
m It r wa ' mafl by Dr. l\1. W. lles, of the Grant Smeltiug Work 

ANALYSI ' Yll. TAPI'D1G CLAY. 

' ilicat of almnioa ........................ ... ........................... i4. 5 
\Vater .. .. .. . .. . . . . .. . .. .. .. .. .. .. .. . .. . . . .. . .. . .. .. .. .. .. .. .. .. . .. .. .. .. 14. 0 

xille of ir n .. ....... - . . ... ... .. .... . .............. .. ... . ........ . ...... 3.0 
1\!ngn ia . ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trace 

arbonat o of lime.... .... .. ...................... .. ...................... 6. ' 
Fre sili ca . .......... .. ....... .. ..... ................. .. ..... ............ 1. 0 

99.3 
(hl . W. Ile . ) 

Other materials.- '\Vh n tbe melting works at cr ctetl ou tbe piau of uper­
intendcnt , tbe melting implement ·· a.re drri' eel from Yarious ource . 'l'l.Je ca t­
itt O' ' , how ,-er, ucb a water-jackets, it·ou pillar , plate for supports and frame 
of ru ibl s, ingot-mold ·, lag-pots, tc., are g ueraliJ· made l.Jy l\Ie rs. Hendey -
1cy •r, of Dell\· ' r; wbil tbe boilers ami engin e are made uy different fouudrie ·. ln 

Jll:my ca,es · m Iter ba> found it more coo~·enient and ad,-autageous to obtain tl.J<• 
\\"It le of t it ir sme ltin o· plant from 1\le r ·.Fraser ~ Cl.Jalru er~:;, of Clticao·o Ill., wllo 
ar prepare<! to furui b a com plete smelting outfit , from tb cru ·Iter · nut! 1uruace 
<!own to inaot-mol1ls and tamping-roti . 

FUELS A ' D FLU ' E 

Coke.- 'ol.t i made iu El Moro, on tlle Hio Grande llailroad, fi·om 'r taceon 
oa ls found tbcr ; it i known iu Lea<h·ille as El Ioro coke. It i ·a! ' O lli<Hl iu omo 

on the ;:,outll Park Railroad, fJ·om Como Or taceou coal , ami i tlleu kuown in Lead· 

l\10N XLI--4l 
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Ti!1('. as South Park coke. From Me srs. Billing Eiler , promin nt melter ' of 
Leaclnlle, the following informatiorl re pectin o- cok ha been obtained. The compo· 
ition of the a h wa · determined in tlleir laboratory. 

iL"\'ALY E VIII ANI) IX. COKE . 

VITI, El llX, South 
Morocoke. Parkcoke. 

Percentaj!e of ash .......... - .. -..... 22. 0 9. 5 

Compo ition of n h : 
ilicn .......................... . 

Peroxide of iron .............. .. 
Alumina, lime, eto . . ... ...... .. 

. . 5 

7. l 

8.4 

I 100. o 

29. l 

47.8 

23.1 

100.0 

The weight of coke per bu8bel is about 40 pound , o that one ton of coke con­
tain abont 50 bu bel . Detailed information re pe ting the con umption of coke, it 
price, and r lation to cl!nrcoal has already be 11 gi,en iu Table I . 

CharcoaL- 'rhi fuel i mnde from th e prnc tree, which abound in tb vicinity 
of Leadville. T l.J e piue ~ood, cut in length of four f~et, is converted into bar oal by 
th u ual proce of low burning in pit or 1-:iln . The pit con i t of t::~ck of ~oocl 
40 feet loug 1"' feet b· ,,.ll, and 15 feet wid , entirely co,·ered ~ith earth . Aperture 
pro,ided at tile ba. ·of tlli rou o-h kiln allow the slow corubn tion of wood to take 
place. \ hen the operation i completed the aperture are topped with earth and 
the whole rna i allowed to cool thoroughly . The charcoal made in thi way i not 
of ' ery good quality; thfl>t made in kiln is much better. 

Charcoal kilns.- In tbe yalley of the .Arknn a , onth of l\falta, there ar evera l 
e tabli hment each provided with nine or ele' n be hi\e-shaped kiln er cted e pc­
cia lly for t iJ e purpo e of upplying the melters with cl.Jarcoal. The olllest e tabli h­
m nt of thi kind i to be found in Cali forn ia gulch, in close proximity to the onth 
bank and oppo ite to ~'l r . Billing & Eil r,' sml:'lter; the e kiln were erected by 
Mr. l\fc.Alli ter, who wa the fir t to introduce tiJem iu the Yicinity of Leadville, ancl 
from ltim wa obtain d the following iuformation: Hi e tallli hmeut con i t of six 
kiln , imilar in e,-ery re pect, one of which, Llra~n to cale, is repre ented on Plate 
~ XVIII Figs. 3 a nd 4. The kilns are b ehive- ba.ped; they are made of .fire-bri ck 
cmentPd with lime-and· and mortar, each ldln being made of 18,000 bricks. 'Ibe 

greatest diameter is 22 feet, the heigl.t 21 feet . In front of the kiln i a charging n.nd 
di scharging opening-, A, 5 feet 5 inches high and 5 feet wide, clo,ed by a sheet-iron 
door and at the hack and upper 11art of the ldln i a feed-hole or door, B, similarly 
clo ed 4~ feet high and the same in width. Thi feed -bole i ' placed at a IJ eight of lG 
~ ct from the ground. It i connected by a tramway, running over a brido-e, with the 
wood- tack on the upper part of the bnnk of tbe gulch. Thi . wood is alread.v cut in 
l ngth of four feet.. At the ba ·e of the kiln are three ro~s of aperture 3 inches by 
•.1: incbe and t\YO feet apart. The rows are 1 foot apart and contain from 32 to 25 
apertures. Tbe e hole may be closed at will with brick and clay. 

The pine wood, cut in length · of four feet, a ha been previou ly stated, is tirst 
piled through the lower opening, A (large tacks of wood stand on tiJis level), and 
afterward through the upper door, B, and in this way the kiln is complet.ely fi ll ed. 
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Botlt door bein g left opeu to e~·eat a draft a. c.brircoal aud dry-wood fi re is kiudle<l 
at toe door A. Both door are theu closed and hermetically ealed witlt clay, and the 
com bustiou i regulated U.Y mean of the aperture 0 wl.Ji ·hare left op u or are clo d, 
acconliuo· to tl.Je inten ity or tlircction of the wind . Tile air enters at the lower row 
and the- moke e cape at th npper . 

.For t l1 e complete tran formation of wood into charcoal in these kilns it require 
from four to ight day;;, according to wl.J ther the wood i. dry or green . Dry wood 
produce a greater percentage of charcoal aml of better quality than green wood. 
When t he combu ·tion i completed, a ll the aperture are hermetically seal d by mean 
of brick and clay and the kiln i a ll owed to cool thoroughly. The cooling require 
about four day . 

Each kiln bold from 25 to 27 cords of wood or about 3,0 -o cubic fee ; on e cord 
of '~ood produc~ about 50 bushel of charcoal. ln consrq uen , each kiln y ield on 
an a\erage 1 300 bu h I of charcoal in 10 clay . During each operation about two 
ga llons of creo ote tar run out at the lower part of the g round door, but no u e is 
made of it. The charcoal made in thi way i of e.x ell nt quali ty aud give great 
ati faction . 

The weight of one bu h 1 of charcoal i about 14 pound ; con q nen tly there are 
auout 143:t bu _bels of barcoal to tb tou. 

Composition of ash.- A th melter charcoal i aid to con tain about 
_,5 p r ce nt. of a b. Thi figur i prouably qu ite corr ct for pit-charcoal. A rough 
xaminalion wa mad of a, fiu jet black p iece of charcoal from McAllister' kiln , 

pi k d from th h ap at i\1 r . Billiug c Eiler ' melter. Thi ga'e on! 1.62 pe.r 
nt . f a h, containing 0.42 per cent. of olubl alt (carbonate of pota l.t and sodar 

witb om chloricl ) and 1.20 r,er nt. of alumina, ilica, lime, pho phate ~etc. A 
rouc:riJ examination wa a! ' O mad of ome ·bar oal asll found in the laboratory of tl.te 
Cumming c Finn melter · tl.J proportion of oluble alkalin alt wa about tbe 
am a in the pre · ding but the in oluble re idue wa chiet:l ompo ed of a lum ina. 

In all probability the comr o itiou of charcoal ash >ades according to tbe nature of 
the soil upon which th tree grew. In the eli en ion on ~melting, 2.5 per cent. has 
b eu adopted a · tlle av rao·e per ·ent11ge of a h in charcoal. 

Dolomites . -Tbe dolomite are extracted biefly from the Dugau aud Montgomery 
quarric aucl from tile Gla -Pcucler,y and Carbonate mine . Tbe cou umption, p rice, 
nuu pror ortion of dolomite u ed, etc., \\ill b fo und in 'fable I\ . The ample which 
w r ana lyzed in tb .laboratory of the SutTey were prepar cl by rni:tiJlg equal weigbts 
of t,n>ica l - p~cim n · p i ked up on tlte hea,p at \a,rious melter . 

Analy is X is that of t l.J e Duga,n dolomit frow the Dugau quarry, uear fount 
Zion, rl<an a Va~ley. Tbi dolomite i iu rath r larg(', indi t inct crystals, with a 
bini b-black tinge and witb white, creamy-yellow, a.ud red pots. Th e pecimeu were 
found at the Cummi ng " Finn aml Elgin melter . 

.Analysis r I i tbat of the l\1ootgowery dolomite, from the Montgomery quarry, 
ou Iron Hill, Oaliforuia g nl cb. This dolomite i in compact, bomogeneou wa ·e , with 
a fin cry tallioe tructur ami a blui h-black tinge. Tl.te specimen were collected at 
the A merican, Cali fornia, Grant, Harrison, La P lata, and Billing c · Eiler ' melter . 

A..naly is X II is tl.Jat of dolomite from the Gla -Penders min e, on Carl.Jonate Hill . 
This dolomite ha a Yery peculiar appea rance. It is form ed of homogeoeou a ud Yery 
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frLabl rna e , com pos d of indi t inct aud exceedin gly small cry tal , wi th a uniform 
grayi h tinge. 'I he pecimen aoals-zed wa found at Graut swelter, v.-h r · a lnr ()'e 
quantity of it i u ed. 

AKALY E' X, XI, AKD XII. DOLOMITE ' . 

Elementary. 

I c .. .:.,. ,.;, -::::::::-.. --.-.. -.-.. -.-.. -.-. _I,_A_(-~-:-.~9-~"-::-~-· +\ _(_~_o_u':-~-Y:-~-::-:;_r_J.-1-(-l_l c_:'_:-:P-:~-·~-:-~I-(y_>_- , 
Chlorin .. .. .. .. .. .. .. .. . .. . .. .. .. .. .. .. 0. 1429 0. 061 0. 040 

I Sul phur .. . . .. . . . . .... .. . . . . . .. . . . .... .. 'J:raco TlliCO None 
ulpburic acid......... .... . .......... . Non Ttace · None 

1 Phospboric neil! .... .. .. .. .. .. .... .. .. .. 0.1?.!4 0. OG7G 0. 032 
! odium . .. .. .. . . .. .. .. .. .. .. .. .. .. .. .. .. 0. 0697 0. 0273 0. 0119 

I ~:~;,~:~~:.u·:: :::: :::::::::::: ::::::: ::: : l ~~~= ~~~:~ ~~~O 

I ~:::-~::::::::::::::::::::::::::::::: :~~= :t:~: :r= 
Protoxiuo of manganese.. .. ............ 0. 0533 0. 0620 0. 199 

Protoxide of iron . .... .. .. .. .. .. .. .... .. 0. 38'27 0. 5742 0. 1275 

Proto~de of lend .. .. . .. .. . ............. , Traco Faint tt ace None 
Peroxtde of u·on .... ........... .. ....... 0. 1062 0. 0974 0. 2232 

Silica ...... .. ...... .. ..... .'........ .... . 0. 7064 7. 7052 o. 2748 

Alumina.................... . ........... 0.1673 0. 1C68 0. 0400 

I 
Orgaujc matter .. .. .. .. .. .. . .. .. .. .. .. .. 0. 0250 0. 0676 0. 0152 I 
~::~r_:::::::::::::::::::::::::: ::: ::: :: ~::~~ ~:~~ ~:~~: I 
I 

------, 
. Tc.tal ... .. ......... ... . ... _._ .. _. _ .. _· _· _ 1_o_o._o_o_oo_-'-__ 1_oo_. _oooo_ 100. cooo I 

Rational. 

Carbonate of lim 
Carbonate of magnesia ........ . .. ... .. 
Carbonate of manganese . ... ......... .. . 
Carbonate of iron ............ .... . ..... . 
Carbonate of I call ...... ............. .. . 
Sulphate of lime .......... ...... ...... .. 
Phospllate of lime ............... . .... .. 1 

Cblori<lo of sodium ... .. ...... ...... .. .. 
(.;bloriuc of potassium ................ .. 
Cbloritlcs of ruagucsiu m and calcium . .. 

ulphlde ol' i ron or calcium . .... .... ... . 
Silica . ...... .. ............... . ........ . 
Alumina ........... ........ . ........... . 

54.0037 

43. 6470 
o. 0862 
0. 6165 

Traco 
Nono 
0. 2G:i2 
0.1774 

0. 073 

Traces 
Trace 
0. 7064 

0. 1G73 

I 

I 
Peroxide of iron .. .. .. .. .. .. .. .. .. .. . .. 0. 1062 I 
Organic matter . .. .. .. . . . . .. .. . . . . . . . . . . 0. 0~50 

1 Water.. . .. . ....... .. .. .. ......... .. . .. . 0. 0440 I 
I 

Loss .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. o. 0013 

4 5353 53. 4445 
42.0955 45. 1983 

0. 1003 0. 32.~2 
0. 9'251 0. 20[)4 

Faint trac on 
Trace 1\rone 
0.1464 0. 0710 
0. OG94 0. 0450 
0.0~ 0. 0181 

Traces 'l..1 1'8CO 

'1'1·:lce None 
7. 7652 0. 2748 
O.lOGS 0. 0400 
0. 0974 0. 2232 
0. 0676 0. 0151 
0. 0550 0. 0707 
0. 0072 0. 0700 

100. 0000 100.0000 Total .. .............. .. .. . ...... . 
1 

100 0000- , 

---------~---------~ 

• 

.Dis&ussion.--Tbe dolomite. u ed iu smelting are true dolomites, iu which small 
quantities of carbonate of lime and lllagnesia are replaced by carbonates of mangaue ·e 
and iron . Tbe pre. ence of chloride was at fir t puzzling, for the reason tbat n bout 
ualf the total qnantit~· of chloride wa . ~oluble in I.Joiling water wLeu the dolomite 
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were finely powdered: t he other half insoluble. The insoluble ch loride might have 
been conta in <1 in apatite crystals combined with calcium. A micro copical exam ina· 
tion by Mr. Wbitmnn Cross di closed, however, no apatite, but a very great number 
of minute fluid inclu ·ions. Both he and Dr. W. F. Hillebrand were led to believe that 
the chlorides were contained in th~ inciu ions. Dr. Hillebrand partly proved it by 
le,igating the dolomites and thereby extracting nearly tbree.fomths of the chlorides 
by treatment with water. Mr. Emmons directed me to make experimen ts ou dolomite 
broken into mall piece,, but no t powdered. The e "·ere digested with water over a 
water· bath for 4 hour . The fir t solution contained only traces of ch lorides, and the 
experiment being repeated a second tlme in the , ame condition the econ l t:olntion 
did not contain any chlorine1 thu proving that th e chloride are not impregnating the 
ma of the rock, but are contained witlJin the cry tals of dolomite. The fact that the 
Gla ·Pendery dolomite, which i half eli integrate 1, contain ~ much le chloride tbnn 
the dolomites in compact rna se corroborate these views. 

The Dngan and Montgomery dolomites ba'e another point of in t('rest, which 
.-hould not be overlooked. The e dolomites contain traces of ulpbide , whether of 
iron or of calcium there wa no time to determine. Tue facti , however, tuat no ul­
phid f ir n i Yi ~ible in the micro copical ection and that the dolomite tt'eatecl 
by weak actd \Oive unmi takabl . ulpllllreted hydrogen. Sbonltl the pre ence of 
nlphid of al inm e\entually be pro~-etl beyond a doubt it. would give a great prcic· 

ti cal \nlu to tlJe ob ervation made by tbe writer, iha .c.'trboDate of lime js extremely 
olnbl in ulphid of ·alcium. Thi reaction i o strikiug that it e~m prob-

nblc U.1at it play a gr at part in natnre and tbat em-bonate of lime may be carried 
away in alkalin olutiou a '''ell a in aci<l one and depo it d from t.he e. On the 
otl er llnnd tu re seem to b a, relation betwe n tb e quantity of organic matter and 
tb quantity f ulphide, couta,iu u in the llolomite . Tb Gla s-Pendery clolomit , 
wlli ch c ntain only trace' of orga.ni matter Ita no ·ulpllicles, while tbe l\Iont· 
gomery d !omit whi ·11 contain the larg t proportion of organic matt r contain 
nl o tb Iaro-e t amount of sulpl.!ide . Tbe e relation" may, ho,TeYer, be pur ly acci· 
<1 u tnl. Ih dolomite~ \\er ex a min d for the precion metals, l>nt no "ih' r could be ' 
d •tecte<l in eith er of tit m, although it i aid in Le~Hhille tbn,t tb Gla S·Penclery dolo­
mite ontain , from ooe to t\Yo ounc aud the Carbonate l\lioe dolomite from two to 

of ·ih' r to th ton . 
omplcte the di u ion of lolomites a. f w unaly es made at va rions Lencl1ille 

-melt rs nr gi ,·cn b low. The average ompo ition of dolomite, , which has be n 
adopt ed in th di cu . ion on meltin , was tl ri,-e<l from them . 

Jnaly.si of a Class-p ndcry dolomite once u eel at the California smelter marie at the lime by th e supttrinttnd­
ent, Jlr J. E. B ardman . 

.iL"ALY I XJU. DOLOM1TR. 

C!Lt'bon!! te of lio1 -··--· ··--·· ···--- ·-···· ... . . . ·- ---· · -·· .... · ---- · ·· --·· "0.03 
n,rbonn.to of m::tgn ia. . .. - ... -- . ... - .. . . . ......... - -- . .. - ... -.--. - .. .. - .. 35. 16 
ilica. · ·---· ·-·· ··--- · - · ·· · ·--·· . ... ···--· .... . . ... . ---· .... .. · - ---· ···--- 1.14 

Prot.oxido of irou . . _ ... . . - .... -- - ... ---- .......... . . .. -. . - .. - . --- . .. - . . . 0. 41 
Alumiua. .• _ ... _ . .... . - -· -- ..... - .... -. ·-- --·.- ........... - ·. · .. - . . --. ·--. 2. 62 
Moi ·tnre . ____ ...... ____ .. -- . .. -- . .. ... . - . ... - ... -..... - .. - . . .. . .. - .... -. 10. G<t 

100. (,0 
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Analyses of dolomites made in the G1·a11t melting W01·k by D1·. M.. W. lies. 

XLV. I X\. XVI. XVII. XV ilL XIX. 

------ ------ - -- - --
Carbonnte of lime ... .. ...... .. 66.50 54.94 49.57 57.95 51. 60 55.35 

Carbonate of magnesia . .. ... .... 25. 10 .H. 93 37.08 39.65 39.77 39.35 

Carbonate of iron ..... .... ...... Nouo None 6. 23 Nouo ~one None 1 
ilica ........................... uo l 0. 93 4. 22 0. 76 2.50 2. 0 

Alnminn and peroxide of iron . .. 6. 40 1. 31 3. 53 1. 65 6. 13 2. 50 

Organic matter ... .. ...... ...... :ron 0. 21 None Tone None 1 .1:' one 

Total ..... . .. ............ . 100.10 I 99. 32 1 100. 63 1 100.01 I 100.00 1---wo:oo, 
NOTE.-.Annlyses XIV and XV, locality not gh·en; x,~I. GIM mine dolomite; XVII, Carbonat mine dolomite, 

said to contain from two to six ounces of sil~er to tho ton; X\lli and XIX, Glnss-Pendery dolomite, said to contain from 
one to two ounces of silver to the ton. 

The superintendents in Lead>illc do not like dolomite a a flax. It i probabl' tlla 
b fore long lime tone "'ill be sub tituted for it. Already 1e r . Billing Eiler lJaye 
experimented at their sm Iter "'ith p rf ct13· pure arragonite from the Duncan quarry, 
Arkau as Valley, close to Leadville, and there ·ults have been mo t ati factory. 

Limestone,_ Slwuld lime tone be u eel iu tead of dolomite, it might be ur ught 
from Robin on in the Ten-Mile Di tri t, lG mile di taut, or from Canon ity, about one 
hunclr d and thirty mile outh of Leaddlle, on the Rio Grande Railroau. The e lim . 
tone are imilar in appearance to lithograpllic lime tou . That from Hobin on ( pper 

Caruoniferoa ) contain 97.11 per cent. of carbonate of lime, a determined by Dr.\\'. F. 
Hillebrand. The following analysi of the Oailon City limestone ( r taceou ) wa 
made by Dr. I. W. Ile . 

L'<ALY I X:S.. CAS'0:::-1 CITY LDI.E T0.:\1':. 

Carbonate of limo.. .... . .. .. .. . .. . .. .. .. .. .. .. .. .. .. . .. .. . .. . .. .. .. . .. .. . . 90 
Carbonate of magne ia .. .. . . .. .. .. .. .. .. . .. .. . .. .. .. .. .. .. .. .. .. . .. .. .. .. 6. :so 

ilica. .. .. .. .. .. .. . .. . . .. . .. .. .. . . .. .. .. .. .. . .. .. . .. .. .. .. .. .. .. .. .. .. .. .. :.l. 10 
Alumina nnd oxide of iron.... .. .......................................... 1. 50 

9!;1. 0 

Hematite--The hematite u cd a a, flux at the melter i chiefly extrac~d from 
Lbe Breece Iron mine, on Breece Hill, but at cne sm Iter some Silver Wave mine iron 
ore is also much u ed a a flux. This ore wa not, however, examined. The ample of 
Breece Hill hematite, which wa exam ined in the laboratory of the Sun-ey, wa made 
from specimens collected on the hematite heap of the following smelters: American, 
California, E lgin, Harri on, and Billing & Eiler . 

The following i the de cription of the specimen and the color of their treak ·: 

1. Dlailk, sub metallic luster; red spot ; reddi b violet streak. 
2. Red and yu!IO\V; silicious appearance; deep brick-colored streak. 
3. Very compact; submetallic luster ; magnetic; black streak. 
4. Com1)act; dull luster; light brick-colored streak. 
5. Black; submetallic luster; brownish streak. 

In Analysis XXI the decimal are carried to six f.gures, iu order to introduce 
both gold and siln>r, 
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A..'IALY I XXI. BREECE IROX On!~. 

Elementary mialyBIB . 
Iron ... ... ....... ....•. .... . ... . _ ... _ .... ___ ... __ __ . . ___ . ____ . . ____ . 
Manganese ........... .. ... ........... ........ .. . _ .................. . 
N:ckel and co bah· . ....... ... ......... . . .. ... .. ___ .... .. ... ____ . . ____ . 
Zinc ............ ----- . . ~ . ............. -........ -........... -. --- . . - .. . 
Copper . ..•....•. . .. ....... .. ... ..... . ____ .. __ __ .. ____ _ . ____ . ___ . ___ . 
Gold ........ .•. ........... . ............. . .........• •. . .. . ...... . ___ _ 
il ver .............. ___ . . . . ... _ ... .. ___ . __ . _____ _ . ___ _ . ______ . ___ . _ . 

Arsenio .. •.... ..•. ....... ... ..... ..... . ....... . ............ . ... ..... 
Antimony . ...... .. ........ _ . ... ...... . ................... ...... ..... . 
Oxygen . .... ..................... . .. ..... .. .•.. . .................... 
Chlorine (trace calculated) .. .... ____ .... . ... . ......... ... . . . • ....... 
W ater ................. . . - - .. - - - . - - - - - -.. -- - - - - - - - - - - - - - · - - - - - -- - - - · 
Carl>onic acid .......... . . . .. . .. .. . .•. ...... ... . ___ ____ _ .... ____ . . ... 
Phosphoric acid ......................... . ....... _ ... ____ .. __ .. __ ___ . 
Titanic acid .. ..•.•....... ---- -- .... . ..... ....... . ... . · .............. . 

iJica ..... . . ............. .• .. ...... . . .... . . . ............. • ........ . 
Lime ......... .. ..... . ...... . ·······----------· .. .... . ..... ...... ___ _ 
Magn ia . ................ ... . .. . .. . ........... ... .......... . .. .. .. . 
Alumina ........... . ...................................• . . . ......... 
Lo 

ih·er 0.13 ounce to tile ton. 
old 0.0'" nnc to the ton. 

Rational anal!fBi . 
P rox id of i r01 t ••• •••••••••••• • •••• • • ••••••• _ ••••• ••• •• •••••••••••• _ 

la j!nctio oxid of iron (Fe30. ) ..... ...... .......................... .. 
' nrl onate of iron .............................. .... .... ............ . 
lliorid of silver ............. . ......... ....... ...... .. . _ .. __ .... _ . . 
old ...... . ......... .......... ...... ...... ....................... __ . 

Ar nic acid tcowbin ' d with Fe.Os) .... .... . ....................... . 
Oxiue of copper ................. .. ................................ .. 

xid of ziu .......... ------ ................ ------ .......... .. .... .. 
P •rox ide of wang:wese ............................................ .. 
Oxide of col>n.lt, nickel , nnd antimou~· ...... ............ .... ..... .. 
Pbo.pllat oflim ....................... .... ..................... . 
Titani c acid (iu tlle · tat oftitunaicofiron ) .................... ... .. . 

iIi 'It ................ -- .. -- -- ---- ---- ---- · -- · ---- -- -- -- .. ---- ---- · · -

Liw ..... . ....... ..... .. . . .... . . - - - · ---- ----- · .......... - - --·- -----· 
M:~gue ia ... ............... . ......................................... ... ............ ......... . 
Aluwinn. ..... . ...................... . . ............ ............. .... . 
\Vnt r .............. . ............... ------ -------------- .......... .. 
Lo ...... ..................................... -- ... ............... . 

66.443392 
0. OOi· 0 

Trnc 
o. o~:;2o1 
0. 0:.25!li 
0. 000102 
0. 0040-1 
0.007174 

Trace 
27.43017:3 
0 . 00013~ 

0.::!90000 
2.44465!) 
0. 100740 
0.0;>2250 
2.~<..; 500 
0. 121 00 
0.619900 
0.0-15000 
0. 0.00700 

100.000000 

il. .43540 
1 . 009740 
6.4450(10 
0.000536 
0. 0001()-2 
0. OllGOO 
o. 02 :luO 
0. 031400 
0. 011500 

Trace 
(\. 21 140 
0. 0522'0 
2. 3 "00 
0.004400 
0. 619900 
0.045000 
0.290000 
0. 00069L 

100.000000 

647 

Disc1t sion.-Th hematite was not examined eitller for bromine or iodiue, with 
wlli h ih·er i general! ~- Ollll>ined in LeadYillc. Ullrominm, tuug t u, molybtlenum, 
aud ' auadium were cru·efully ought for, but uo traces of tlle ·e metal conld be letected . 

Titanium could only b found by a method which wa peciall_,. de•i t d for its 
detection, and whicll i tlJ following: Tile hJ·drocllloric olutiou of heruatite is r rl uced 
to th ruinimum of oxidatiou by su lpbureted llydrogen aml tllen boiled to ex pel tile 
excess of this gas. The solnt ioo i tllcn a u arly a po ibl neutralizt> tl witll nn 
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alknli and boi led with an exce~ of hypo ulphite of .oda, which precipitate~ titnnic 
acid, alumina, and a little soluble il ica. The precipitn,te collected on a filter·, waslr e<l 
thoroughly a,nd calcined, i treated in a platinum \C el with a mixtnr of ulpbnri 
hydroclrloric, and b) drotluoric acids, and the whol i C\npora ted to tlryne~ . The rc -
idue i fu ~e rl with bi ulphate of pota. h, and titanic acid i PxtractPd a n ual by boil­
ing the dilute solution . 

Although magnetic oxide of iron i reported in the analy i with the formula 
Fe304 thi is not exact. Th<.\ writer , ucceeded in i ointing thi oxide in a tate of great 
purity by alternately extracting it with the magnet and rubbing it with the fing t' n fil­
ter paper until it no longer oiled the paper, to which the non-magn tic oxide r main f d 
attacbeu. It wa then analyzed, and it compo itiou i repr ented by th formula 
FP2o0z7=6(Fe0}+7(Fe20 3), in tead of 7(Fe0)+7(FP20 3), which would b qni ,·alent to 
the formula Fe30 4• It is only qu ite natural that magnetic oxide form d in th midst 
of peroxide of iron bonlcl conta,in an exce of thi oxide. The writer a um e thai 
the force of adhe ion was used for the fir t time in tbi in tance for the me banical . p­
aration of ~;:ub tances. It ha been employed since iu connection with the u. o of the 
magnet in inve:stigation-. on the nature of <lifferent metallurgical product , and iu cnch 
ca"'e i~ ha Ietl to intere ·ting re ult . 

ORE-BED . 

melting charge con i t of mixtures of ore with tlnxe and fn l in definite bn t 
somewhat varying proportion , pre,ion ly determined, o a to produce a de ired 
chemical combination . 

The ore enterin O' into the m lting charge may be au unmixed ore of kuown 
compo ition , or a previou"ly-prepared mixture of ores, called an ore-bed, or a combi­
nation of tbe two. 

t. re-bed are pr pared by snperpo ing layer of different. ore of known weight 
and coropo itiou in uch proportion as to produce mixture of known content in lead , 
ilv r, iron, and s ilica. 

Composition of ore-beds.- Ore-bed are genemlly made to co ntain equal parts or 
m tallic iron, metallic leau, and ilica or gangue, or from 20 p r c nt. to 25 per cent. 
of each. The relation h tween lead and. ilver i about is: pountls of lead to one ounce 
of iher; but tbi r lation often varies, as well a the percenta<Te of lead, whil ) on th e 
contrary, the per entage of iron a,nd gangue remains pretty eon ~ tant. 

The gr at ad van tag d rived from the preparation of oro-bed , be. iue gmog 
mixture of known compo ition, i that of drying the ore, an operation which if carried 
on in the furnace would nb orb an enormous amount of beat. 

In Table V will be found the following particulars in regard to even differrut 
ore-beds: 

1. Humid weight of each ore-bed iu pounds. 
2. Average percentage of moisture for each ore-bed. 
3. Dry weight of each ore-bed in pounds. 
4. Percentacre of silica or gangue for each ore-bed. 
5. Total weight of ·ilica iu ponud for each ore-bed. 
6. Percentage of irou for each ore- bee!. 
7. Total weiglit of irou iu pounds for each ore-bed . 

. A,·crage t nor of silYer iu ou nces to ton for each ore-bed. 
9. Total weight of silver in ounces for each ore lied . 

10. Perc utag of lcatl for ea.cb ore- bee!. 
11. Total weight of lead in pounds for tJach ore-bed. 
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TAnLE V.-Compositi<m of ore-bed.•. 

Ore. ilicn. Iron. I il'er. Lend. 

No rubor of ore-bed. I 
Per I Total Hamid Moist. Dry Per Tot.ol Per Total Onnces l Total 

weight. oro. weight. cont. weight. cent. weight. , t~o~~e weight. cent. weight. 

'---- ---·-------------
Lbs. P. ct. Lbs. Lbs. Lbs. Ounus. Lbs. 

1 .. ... . .... ............... 410,355 10. 2 368,430 21.54 79, 3i5 21.48 79, 160 42. 94 7, 912 19.50 71,868 
2 ............. .... ........ 340,915 10.8 1 304, 099 26.50 0, 840 23. 20 70, 779 39.12 5, 946 10.60 o~. 875 
3 ...... ....... ...... . . . .. 902,699 10. 7 ~TO, 257 22.30 60, 354 22.10 59,075 95. OS 4, 734 20.00 54,105 
4 ....... . .. . .... ......... 283,000 9.4 256,358 22.00 56,475 26.40 Gi, 76 61.62 7,898 21.00 54, 135 
5 ........................ 2i9,475 12.0 245,002 20.00 49, 321 16.60 40,841 66.02 8,146 28.20 69,437 
6 ........................ . 330,805 10. 2 296, 920 25. 40 "·"' I "·" "·"' I" ro ' ·"' 

19.00 56,267 
7 ...... . . ............ ... . . .. . .. .. 235,340 1 11. 35 ~~ 24.78 ~321 56.53 ~651.0 23.45 55, 239 

Totals nod a 'I' rages .. -:-:-:-:-:-:-: 1, Oii, 306 122.40 442, 752 1 22. 30 ;441, 648 51. 56 50, 977. 0 21.30 420,926 

o. 1 is made at melter H of oro from the Amio, Hibernia, Homestnkl'. and Morning Star minos. 
No. 2 is made at molt er ll of ore from the Amie, Chrysolite, E'l'ening Star, Morning tnr, and Virginius mines. 
No.3 is mndo nt molter TT of Qre from the Amic, Enning Star, Hibernia, Homestnh, Little Giant, Morning Star, etc. 
No.4 Is made nt metter H of ore from the A.roic, and Ereoiug Stn,, 
No. 51 mn<le at melter IT of ore from lhe Arnie, Adclnido, nn.t of Hue-dust. 
No. 6 is made at melt r li of oro from the A.mie, Morning tar, etc. 
No. 7 is ronde at m<·ltor B of ore from the Catalpa , E,·ening Star, Henri tt, Hibernia, Highland Chief. Morning 

tnr, nn<l ' il'l'er Wn'I'C mine . 

A con ideratiou of Tal.Jle V how -
1. Thnt th or b d >nry a good flenl in wei«ltt; in the example gh·en, from 117 to 189 tons. 
2. That the mixtur coutn.in ou an n,ve ra."'O about the &'tme qnantit,y of ilica, iron, and lrad. 
3. That on nn averagetl:o relation of ilver to 1 ad by weight is a 1 to 120.4, or on ounce of ilver 

to 8i ponnd of le:td. 
4. That. tbe amount of ruoi tme is pretty con taut. 

MELT l G OHAR GE 

B m ltino- charrre will b iesignated tb com bitted weights of ore, fluxes, anu 
fu l thrown at tbc nme time into the fnrnnc , and by cha rgeE:, th e weight of ore and 
flux entering into the ompo:::itiou of the melting charge ~ . Tbe word or embrace 
or bed antl unmixed ore nnd tb word tlu:xe , dolomite, hematite, and old lag·. 
The wcirrht of sm ltiu g hnro-e differ a, O'Ood deal, accor 'ling to the capacity of the 
furnace . Th term fu·l will alway· be u <>cl for the mixture~ of col.:e and charcoal 
u din Leadville. Altbongh the amount of fnel u din smelting will alway be gi,eu 
inw igbt,itmn tber m muer tl tbatcokeandcbarcoalare notweigheuatall melters, 
bnt are a often m a ured by the llo,el or the barrow; the volnmeha been converted 
into w io·ht for cornpari on . 

JlELT ER A. 

Tb information obtained at tbi metter i not n •rr :::atilSfnctor.)'. Th melting 
charrre are made np of-

Orl', 1!>0 pound~. Flux, '0 pound•. }'n('), 35 ponnds. 

Or · bed . .... . .... . 
Unmix <1 ore ........ . 

100 Oolomirc ... . .. ... .... . 
50 Jlt·rnnt ito ............ .. 

JO I Cbnr onl............... 15 

JO Coko .... . ....... .... ... 20 

o:tl sh gs .......... .. eo 1 

- lJhnrgc (or e nnd flu~). 2llr pounds. !;m~Jting 'bnrJ;O ( te, flux. nml fu el). 285 ponnds. 



6.')0 GEOLOGY AND MINING IND STRY OF LEAD lLLE. 

When coke is ·care the auoYe fuel i. u ed, but ~·b e n cok j ' plcutiful the fuel 
preferred is 35 pounds of a mixtnre of 60 per cent. cok and 40 perc nt. chnrc<?al. 

'I he proportion are a follows : 
Flux to ore ...... . ..... . .... . ........... ... ... ..... ... .. ... .. .. .. - .. .. .. 33t 
F uel to ore .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23~ 

Fuol to oharge ... .......... . .. .. . . ............... . ......... .... . . .. . ... - 17~ 

'fbi would form a Yery j air melting charge; but, if w recon tru t an :.w era rr 
charge from the cousumption of ore, tlux, and fuel gi \en for till · melter iu Tab! n r, 
we fiucl til e f, llowing re ult: 

Ot·e, 150 pounds. F lux , 37.5 pound . 

Charcoal.. ........ 19. 7 

oke . . ... . . ..... . 4 . a 
Ore .. .. . . . .. ....... 150 1

1 

Doloru iie ........ 3.4 

Hematite . .. .. . . . . 4. I 

Old sla:r ... .. . . .. 30. 0 

Th di cns ' iou of this a\ ra g char rr lend to tb f llowiu g re ult 
Proportion of flnx to ore. ..... . ...... .............. ..... ......... ... .. .... 2{, 

Proportion of fuel to oro. .... .. .. .. .. .. .. . . . .. .. .. .. .. .. . . .. .. . . .. .. .. .. .. 4~ 

Proport ion of fu ef to charge ............................ .. .......... .. .. .. 36! 

After inspecting these figures no one will be surpri eel to bear t ha t the supeiin ­
tendent of thi smelter complains bitterly of his furnace. 'Ihe furnace are undonut­
edly 'er.r clumsy, but they are cons tructed on the arne plan a all the other fum ace 
in the camp, and the fault lies chiefly in tbe fact that le bema.tite and dolomi te is 
u ed at this melter than at any other, that the lag are le s· fluid than any others 
iu the camp, and that the enormous percentage of fuel exhau ts itself useles ly on 
refractory charges. The number of smelting charges run through each furnace in 
twenty-four hours is equal to 300. 

:\LELTE H 13. 

meltiug chargeR made in A ugust, I ' 80. 

No.1. 

Ore, 510 pounds. F lux , 1VO pounds. Fuel , 140 1 ounds. 

Ore-bed . ...... . . .. . 2!'0 I Dolomite~=~ Charcoal. .......... . 80 
Low· grade ore ... . . 100 Old slags .... . .. ... 150 Coke ................ 60 

Various rich ores .. 200 l ' 
L ad scraps . . . . . . . 10 I 

Charge (ore and fiax), 710 pou nds. Sm~lting charge (o •·e, fiux, nod fuel ), 850 pounds. 

No.2. 

Oru, 510 poncds. Flux, 190 pounds. F uel, 140 pounds. 

Ore-bed . ........... 100 Dolomite .. . . . .. . . 40 Charcoal. .. ... ...... SO 

c ...... ..... ... ... . " I Lol\··g r:ule ore .. .. . 100 Old slags ..... . .... 150 
Va ri ous rich orcs .. 300 
Lead acraps .. . . . .. 10 

f: hnrt:c, 700 pounds. melting cun~·«c, 840 puun,l• . 
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MELTEH B. 

Smelling clw,·oes macle in AuguR!, 1 0-Cootinucd. 

No. 3 . 

I Ore, 510 pounds. Flux, 190 pound . Fuel, 140 pounds. 

1---------------- 1 I Oro-bed.- .......... - 1~0 I Dolomite .. .. • .. .. . 40 Charcoal. .......... _ 80 

I 
Low-grade ores_ .. _ 100 Old slags .. . ... .... 150 I Cok . ........ ...... 60 
VariOU$ rich ores .. 250 
Lead scraps .. ...... 10 I 

Charge, 700 pound . molting cbnrgo, 840 pounds. 

No.4 . 

I 
Ore, 500 pouuu . Flux. 150 pounds. I Fuel, 140 pouml . I 

---- . I 

I 
Ore-bed .. ......... . 300 Dulomit c ... .. ..... 50 CharcoaL. ........ .. 70 
Variou rich ore . .. 200 1 01<1 s lags .. -- . .. -- 100 Coke ........ -- .. --. 70 I 

Charge, 650 pounds. ruching charge, 790 pounds 

t molt r B fuel i mea nrod by tlJe w!Je !barrow. Eighty pound of charcoal 
r pr nt one charcoal barrow ru ~cle of t!Jiu sheet-iron au d lJOldin o· about 51 bu hels. 

ixty pound of ok ut au ore barrow n~ed al ' o for cok . In Fig. 2, Plate 
~ :S: -I ( I ,·ation of ) b tlJ kind ' of barrow are indicated. 

In tb • sm ltiug No ' . 1 ~, 3, and 4, tlle a \·erage proportions are : 

Flux to uro. ----- - ...... ...... .. ...... ...... .... .. ...... .... ....... ...... ~6 

Fu 1 to or ........ .... .... . .... . .......... ... . , . .... . . .... . .. . .... ...... 27t 
Pu l to charge .. .. .. .. .. .. . .. . .. .. .. .. .. .. .. . .. .. . .. .. .. .. .. .. .. .. .. .. .. 2Dt 

If w r con truct au aYerag 
find-

Ot· , 500 pou.nlls. 

Various or s . __ . .. . 500 

melting IJ ar o· from data given in Table IV we 

Flux, 206.7 pounds. Fuel, 165.1 pounds. 

Dolomite ....... 69. 51 Char oal ......... 100. 8 
Hematite....... !. ;; Cok ............ 64.8 
Old sings .. .. ... 135 

Cbnrge (oro and flux), 706.7 pound . melting cbarg (ore, flux , and fu 1), il.8 pounds. 

'l'IJ e figures repre ' nted h re a.re normal; t i.J e gr at amount of old lags n ell at 
thi m Iter accounts for the r la.th·ely small proportion ·of hematite. The percentage 
of fnel i. in xce of that gi,en in ti.Je 1w cetling example , for the rea. ou t!Jat part 
of the fu 1 at tu e m lt r i n ed for a sa:yino·, beating-, and variou oti.Jer pmpo ·es 
besill meltinn·. 

Tb proportion in the average oharo-e are a follow : 

F luxtoore .................................................. .. .. ... .... 4lt 
Fuel to ore .... ........................................ ---- ............ - 33 
Fuel t charge .. ........ . ............................. - ...... - ...... --- 2:Jt 
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Smelting chm·gcs macle in .dugust, 1 0. 

No. 1 . 

Or , 306 pounds. Flux, 157 pounds. Fuel, 100 pounds. 

Ore-bed .... ........ 123 Dolomite ........... 00 barcool .. .......... 50 
Rock Mine or .. .. 123 Hematite........... 7 Col<e ........... .... 50 

E'I'Pning tar oro. . 19 Old sla{!S . . .... .. . .. GO I 
Dunkin 1Iine oro .. 41 

Charge (ore and flux) , 4G3 poumls. ml'lting char~: (orP, flux , an d fuel) , 5G3 pounds. 

No.2. 

Ore, 315 pounds. Flux, 14 pounds. 

--------1- - -
Ore-bed ............ 100 Dolomite .......... : 4 
Rock Mine or .... 100 IlcPJatite..... ... .. . 4 
Evenln « ::;t nt· ore . H Old slag 60 
Rock l\Iine ore . . . . i 1 

Fud, 100 pounds. 

barco a I .. . .. .. .. . .. 50 I 
okenntl scr euin ;:s. 50 

Char;:;c, 4G3 pounds. Smelt in!; charge. 5G3 pound ' . 

No.3. 

Ore, 332 ponnd . Flux ~ 12i pountl~. F uel, 95 pou ml~. 

Ore-bed :\o. 1 .. .... 106 Dolomit e ..... .. .... 64 Cbnr ool. ........ .. 50 

Ore-bt <l Ko.2 ...... 53 H emotito .. .... ..... 3 Cokcnntlscrceniugs . 45 1 

I 
Dunkin _:llinc oro.. 40 Old •logs . . . . . .. . . . GO 
Rock lllme ore. . . . . 13 1 1 

Charge, 4~9 pound . melting charge, 554 pounds. 

At Smelter the n.bo\e charges are smeltinO' charge according to our definition, 
but they are call d emi- ·haT"' The lag are not \l'eigbeu, but m asured by the 
ore- hovel; they are not mixed witll the ore and flux, but with the fuel. Fuel i mea -
ured by the fuel- bo,· 1 in the proportion of two bo,-els of charcoal for one of coke. 
One bo\el of charcoal (fuel-shovel) i eqnal to e'en pounds, and one hovel of cok 
(fa 1- hovel) to 14 pounu . Ouc bo\el of . lag ( ore-sho,-el) weighs about 15 pound 

In melting charges Nos. 1, 2, and 3, the a\erage proportion· are-

Flux to ore .......... -- - -- · .. . . ...... . ... . ..... ........ . .. ........... . . .. 45! 
Fnel to oro .. ... . .. . . ---- ... -- .. -- -- .. -- -... -. .. _ .. . _. _ .... . - .. ___ .. . __ .. :n 
l''uel to charge .... ·----- .......... ... .... . .. ...... ....... . ··--------.... 21! 

At Smelter C the melting charges are model ones, like everything else connected 
with this melter. The , la.gs obtained from the above smelt ing charges have tl.lo com ­
po ition of ingulo- ilicates. They are very fluid at a relati\ely low temperature, and 
caTry le lead anu ilver tban any others in the ca mp; and t he average charge repre­
senting the work done during a whole year will show wi th what regnlarity work is 
canied on at thi melter. 
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The a Ycrag charge, uedncerl from data gi Yen iu Tabl e lV, i . a' fo llow 

Ore, 310 p uuds. I Flux, 157.0 pounds. Fuel, 105.9 pounds. i 
~- -·=· ~0 I Dolomite · -····- · 69. 53

1 Chnrco~-~5~0 I 
I Hematit . . .. . . -. 29. 57 oko ...... . .... . 46.80 I 
f OJd lags ....... _ 5 . lJO 

~-----------~--
Char:;o (Oro aud flux) , 467.6 pouuds. 

l u UJ a \·era o-c cllarg tbe proportion are -
Flux to o r~ .. . ........... _ .. ... __ _ .................. __ . ...... __ _ . . . . . . . . 50t 
Fu I to or~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34! 
Fu '1 to charge .. . . ....... .... .. .. .. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22t 

B •i 11 g- iu po e · ion of <lata obtaiued at mclter 0 for tbe mouth of July, 1 0, 
tll e dat<L will b d i' cu sed , for iu th opinion or the writer \ ' Cl'.) thing ounccted 
with melt t' i · wortl.l r conlin g. 

Ton . 
I'O t~wch <lin Jul_y, 11-' ........... . . ................... . ............... 1,500 

Dolomit sut Heel in Jul.r, 1 ~o ... .... .. ................... . :.. ...... .... . 52f> 
H mali Rill ltd in July, 1 0 . ...... ... .. .... .... .. . .............. . ... . 
Bullion p1·oliuc din July V 0.... ....... .................... . . .. .. . . . . .. 4::!51 

Tl.l bullion prollu ·et.l in twe ll ty -four IJ nr i qua l to 14 tou:, as a,) i11 g 13G ouucc 
of si iYer to tll ton. 

Th a Yerage charge for t he lllOnti.J of ,Jul y, 1 ' (J is:: fo ll ow : 

- -- ---- --------
rc, 310 pouth.i . Flux, 14 1 puumls. Fu I, 105 pouuds. I 

-Fuel. ............. . 105 1 Orcs... ... .... . . . . 310 Oul"mito ... . ..... _ Gi 

, llon.wtit' .. .. . ..... 11 

I ------ ·----' 
01<1 sln"s . _.... .. . 00 

Churg•· (oro snul flux ). 454 pouuthL ll ·ltiu~ cbnr~ (ore, flux, and fuel), 559 pouutls. 

Jn the pr ·(•tliug cl.larn· · th nYerage proportion · ar -

Flnxtoo n· ....... .. ..... . ....... .......... . ...... ... ..... . ........... .. .... 46;! 
l'n!'l to Ol'(l ... ............ . ... . ........ ...... ... ... .. . .. .. .. . .......... .... 34 
1'11 •I to ·lla rgo . ......... .. . ....... .... . .............. . .... . ............ ... . 23 

Produ ·tiou or bullioll per ·barg-e !)0 ]lOU II ll::i. 
A Ilas 1 reYiou ly b en tated, tile mi xture of ore, dolomite, and hematite, w igll­

iu g about eigllt llundred pouuds, i ca lled the cllarg . It is made to contain a bout 
20 p •r cen t. of lead, of whiclJ about 8 per ceut. is extracted in the ·tate of bullion. 

on · ' qu ntly each charge will contaiu 100 to 1Gl pounds of lead, of wlli cll 141 to 141.5 
pound nre extracted iu the stntc of bulli ou. Tbi quantity of bullion requires 200 
ponnds of fu el for its extractiou, llowiug that one part of b ullion require about one 
and oue-balf pa1t~ of fuel for its redLwtiou. 

A tile qmmti ty of mu,terial to be smel ted in each cuarg weig4b a bout 920 pound , 
from wbiult 141I>Ouuds ar extrad •d iu tue state of bulliou, tb remainiug 77!) pouuds 
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constitute the slag, contai nin g abont 2 per cent. of I ad or 15 pound , and b lo, in 
fumes is equal to about four pom)(l of lead p r charge. Each bargA giv s abont -.G7 
parts of lag for on par t of bulli on. Tlle furnace run about two hundred charge in 
24 hours, yielding : Bullion, 16 ton ; ' lag, 0 ton ; and con uming: Rich or 6 ~ 
tons; fuel, 20 tons; charges, 143 tons. 

)J E I.TER D. 

mel/'ing chm·gc made in .dugust, 1 

Ore, 700 pounds. Flux, ~30 pound . Fuel, 160 pounds. 

Or ·beds .. .. . .... _ 500 1 Dolomit e . . . . . . . . . . SO Charcoal... . . ... ... 95 

1 Various ores ....... 200 I Hematite .... ..... . 170 
j Old sings . . . . . . . . . . 0 

Coke .. . ...... .. .... 65 

Charge (oro and flux), 1,030 potUJds . • melting 11ar~:e (ore, flux, and fn el). 1,190 pcunds. 

In the preceding smelting charg s tlle proportion are-

Flnx to oro .................. ............ ...... --- - ....... ______ ............ 47 
Fuel to oro ........ ... . . ... . . . ... . . ------------ ... .... .... ------ ............ 22t 
Fnel to charge ..... .. ....... . .... ........ ......... ______ .... . ..... ·----- .... 15-l 

The compo ition of thi Bmelting charge i a normal ou . The compo ition of 
the aTerage welting charge alcnlate l from the data given in Table IV, i the fol­
lowing : 

I Ore. 700 p~nnds ._i__~ux~/0.3 ~onnds. Fuel , 133.4 pounds. I 

I 
Various ores .. ... . . 700 I Dolomite ... .. .. . 41. 65 Charcoal. .... . .. .. 89. 6 1 

1 Hemat•tc ... ..... 4 . 65 Coke .. . .... .. . ... 43. 
, Old •lags ...... .. 80 1 j 

. ------~'-----------------------------
Chnrge (ore and flm<), 870.3 pounds. • meltin~: charae (ore, flax . and fu 1), 1,003.7 pounds. 

In the average melting charge the proportion are-
Flux to ore ......... ... ......... .. .... ...... .... . .... ____ ----- ...... ______ 24! 
Fuel to ore ...... __ ... ____ .. __ .. .. __ .. _. __ .. ____ .. __ __ .. . __ . _. _ . ____ . . _. __ . . 19 
Fuel to charge . . ______ ....... __ .. _ ... ____ . . __ .. ____ ...... _ ... ____ . __ . . .. _ . . 1iit 

The percentage of fuel i the smalle t which bas been yet obser\'ed, and thi la 
sm lting charge would prove the 1110 t perfect if it were not for the important ele­
ment, time, wllich has been purpo ely neglected . The que, tiou will be di ·en ed after 
exbau ting the compo ition of smelting charge of the various smelters, and it will 
be een whether it is advi able to aim at the lowest percentage of fuel in melting 
charge . 

)!EI.TER E. 

Smelting oll a1·ges1jzade in .cl.ugnat, 1 0. 

• Ore, 300 pounds. ~ Flu." , 80 pounds. ., Fuel. 73 pounds. 

Ore-bed .. .. .... .... 200 I Dolom1to . .. ... .. ... 15 Charcoal. ......... 36.6 
Various ores .. ..... 100 I B~matlte .. ... ... . 15 Coke ......... .. .. 36. 5 

I Old slags ...... ..... 50 1 

--------------------~ 
Charge (ore and llux ), 380 pounds. Smelt-ing clwrge (nre, flux and fuel ), 453 pounds . 

• 
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In t he preceding melti ug cha rge the proportiou axe -

Flux to ore ......... . .. . ..... . .. . . . . . .. . . .. . . . .. .. ........ . .. . .. ... ... . .. .. 26i-
Fu 1 to ore . . . . ..... . .... ....... . . ...... . .... . .... .... . ...... . .. . ..... . .... . 24t 
Fuel t o rba rn-e . ....... . .. ... . : .... . .... .. .... . ___ ___ ..... . ......... .. .. . .... 19t 

.dverage charge dednce:l. from. data giccn in Table IV. 

Ore, 300 pound . Flux, 86.6 pounds . Fuel, 74 .9 pounds. 

Vnrious ore .. . .. .. 300 Dolotnite . . . ..... 15. 69 Chnrcon l . .. . . ... . 49. 9 

Hematite . ... .. .. 20. 9 l Coke .. .. . . .. . .... 25 
Old . lags .... . .. 50 

Char e (ore nod fl ux), 3t6.G pound . m ltiu g charge {ore, Oux, ond fuel), 461.5 pounds. 

In t ll e a '' erage melting charge the propor t ion ar -

Fin x to ore . .. ..... __ ...... .. .... . . __ ..... ____ .. .. .. .. __ ...... .. .. .... . __ .. . 29 
Fuel to ore . ... ......... .. ..... . .. . . ... .. . . . . . . . .. ...... . ..... . . . ...... . .. . . ~[) 

Fuel to l harp;e .. .... .. .. . .. ... .... ....... ... . .. .. . ...... .. ..... - .. .. .. .. . . . . l Gt 

b g neral rnl ob er~ed a t tbis smelter is t lle foll owing : Tbe ore is made to 
contain 30 perc nt. of gangu 30 per cent. of iron, and 20 per cent. of lead, and t be 
lnlrO' are m lted wi tb 20 p r cent. of fuel. 

:\I ELTER F. 

nu lting c/1a1·ges made 1n August, 1 0. 

re, 500 pounds. Fin:<, 2 0 pound . Fuel, 150 pounds. 

Or -bed {"cry ~iii - Dolomite .... ...... 110 Cbarconl .. .. ...... 130 
ccons) .... .. .... . 500 Jiemntiie .. ...... .. 120 Coke...... .. .... .. 20 

Old logs ........ .. 50 

Chnrgo {or and Onx), 7 0 pounds. m It in n- cb nrge {ore, flnx , null fuel), 930 pounds. 

I u tho above melting cbaro·e tbe proport ions are -

Flux to ore .......... .. ... . ------ ........ . .... . ... . ... ............ ...... .... 56 
Fu 1 to or . ... . ............. . .. . . .. ... . . ....... .. .. . . . ... ... ..... . . . .. . . . .. 30 
Fuel to cbarg .L .. . ... . ...... .. .. .. ...... . ..... .. . .. ....... ---- -- ............ 19t 

Average charge calculated from data given in Tablo IV. 

Oro, 500 pounds. Flux, 2-33.4 J>Ouud s. F uel, 238.8 pounds. 

Vn t'iou or s ...... 500 Dolomite .. .. .. .. 83. 2 Fuel. .. .......... 23 8 
H ematit e .. .... .. JOO. 2 
Old sings . . . . . . . . 50 

Chnrge {or 1\lld Oux) , 733.4 pound . molting cbnrge {Ote, flus, nu<l fuel), 072.2 pounds. 

I n the n H' rage c!J a,rge tlle propor tions are -

F lux to ore . ... . .. ... .... .. .. -- -- . .. .. .. . .. . .. . .. .. . .. . - -- - . .. . .. ... . - -- --- - 46i 
Fuel to ore . . .... .. . . . . ..... . . .. . . . .... . .. .. . .. . .... -- -- . . • ••. .. . . . . . ... . . . . 47f 
FnAI to charge ...... .... .. .. ... .... .. .. . . . . ---. ---- .. . - -- ...... -- -.-- -- .. - 32t 
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hlELTER G. 

umcltiu g c!tm·g mcale in A ugu t, 1 . ' 0 . 

. ---------------
Ore, 645 pooml•. 

Iron :\[inc or~ ..... . 
Rob 1' t E. Leo or .. 
)Jorni ng tar oro .. 
RoLcrt E. L ee or . . ';7 

Flux, 1~ 2 ponutis . 

Dolonlito .... . ..... . 
Oltl lug .... ... ... . 

Fuel , 140 pound . 

I 
02 1 Chnrc al. . .. ... . ... . 
0 'oke . ... ....... .. . . 

E ,·e.•ing St.Ir oro .. 175 
! __________________________ ~----------~ 

In tlte preced ing charge tll propor tion · a re -
Flux to ore .. .. . ... .. . .. . . . . ... . . . ... .... . .. ... .. . .. . . . .... .. ....... . ... . . 
Fnel to ore .. ...... .. ........... . .... ...... . . ...... .. . .. .. . . .. .. . .. .... . ... . 
F ue l to ch:1rg 

Average charged cluced jro1n data gir n in Table IV. 

Ore, 600 ponJH115. Flux, 203 pounds. Fuel , 153 pouml 

V:triuus ores . ...... 600 Dolomi.'e . .. ... .. . • . I I hnrconl .... .... 9~ 

I 
Hematite . ... ..... 69. 9 Coke .. . . . .......... 61 

Oltl In;: . ... . . 75 I 

Cbar;:;o (oru noel flux) , 803 pounds. melting chnrj!e (ore, flux , and fuel), 956 pou nd . 

In t lle an:rn ge cbnrge the proportious are-
F lux to on·...... . . . . . . . . . . . . . . . . . . . . . . - - · .. . ........ . .... . ... . . .. ... . ..... :J3f 
Fuel to ore . . ..... .. ..... . ..... ... ...... . . . . . .. . .. . .. .. . .. ... .. . . . . .. . ...... 25t 
Fnel charge .. .... . . .. .. . ... . . . .. .... .. .... . . : ..... . .. .. . .. .. .. ... .. . . . .. ... 19 

At this melt er the fuel is measured by the shovel. 

s~mLTE II H. 

s,nelting cluwgcs nta<le in Angust, 1 0. 

Ore, 530 pouuus. 

0 ro-bed . .. .. . . . . . . . 500 

A<lelaitle ore. . ..... 30 

No. 1 . 

Flux, 17:; pounds. I Fuel. 130 pounds. 

Dolomite . . . -~~ -55 1 ~harcon.l. ..... ... . . 110-
01<1 lngs ......... . 120 Cok . . .. .. .. . . . . . . 2tJ 

Cbarg lore nnd flux) , 705 pounds. (or· , flux . nnt1 fuel). 835 pouu<ls 

No. 2 . 

Or , iJ:tO pouucls. Flux, 155 ponnds. Fuel, 130 ponn•ls. 

01" bed ........ .... 5QO Dolom ite ..... .. ... 35 Charcoal . .... ..... 110 
Aclolni<le oro . . . . . . 50 Old sings . ......... 120 Coke. .. ....... .. . . 20 

Charge, 705 pouncls. ~ IOtlti n~ cbnrge, 8.35 pounUs. 
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No.3. 

Ore, 480 pound&. Flux, 160 pounds. Fuel, 120 pounds. 

CbaJconl.. .... . .... 100 
Coke.. .. .. ... . .... 20 

Ore-bed .. .......... 480 1

1 

Dolomite .. . .. .. . .. GO 

Old slags . .. .. .. .. 100 

Charge, G40 pounds. Smelting cbargo, 7GO pound . 

No.4. 

Ore, 500 pounds. Flux. 135 pouuus. Fuel, 120 pounds. 

Ore-bed .......... .. 4so Dolomite . . .. .... .. 35 Cuamonl .. ......... 100 
Adelaide ore...... . 50 Old slag .......... 100 Coke ............... 20 

Chnrg~, 635 pounds. Sm lting charge, 75;; pou uds. 

In the pr ccd iug s meltin g charge · the proportion are -

Data rchtti\·e to t h con umptiou of ore, fl uxes, and fu el not being obtainable at 
thi melt r one of tbe most importan t in th e camp, t h con ' tl'uction of an a \era o-e 
m l tio o- ciJa r e i impo i bl ; but tb c g ocralrule ob er,ed at the work in tlw com­

po ·itiou of the rn cl tiu g ciJ arg · i · tbc fo11owiu o- : 'I he ore-bed arc made to contain 
>qual part of o·a ng u and metalli c i•·oo, 20 to ~5 p r cent. of eaclt , an!l from lG to 25 
per c nt. of ](!ad, a.uout ix pound · of lead for on e ounce of, iln~ r. '\Vben t he propor ­
t iou of ga.og u and iron i qual iu th e ore-b d, tiJ c oro i · mixed witb 10 per cen r. of 
dolomi te; bnt wb n gangue i iu exce hematite i add ed in nffic ient quantit,Y to 
mak ' til e bala nce. t tbi · mrlt r t he lag obtain ed are called aci !l lag. . Tile fu el­

are dra wu to cale in Figs. 1, 2 and 3, and the 
oro a nd la g ~S ilo,el ar XLl '\ . 

M E LTER !. 

meltiug charges made i u d 1191181, l . 'U. 

{At this snw lt er tllo oro-bed wn mntlo with hloruin.!;. tar, Duokio , I ro n miue, and .A g-a iz oru.J 

Ot·c, 526 pound . - F lux. 27;;-po~-~ Fu I, 147.5 or 137 pountls. ! 
I - I ---- I 

I 
01.' -uod. .... .. .. .. 2~~ 

1 
Dolomite... 66 I Ch~~con l .... 6~. 5 ~ or5 57 

Vu·g10 1us...... . .. 1uu IT mnuto.. . 07 Coke .. .. .... <t 5 ~ ~0 I 
Chr,rsolil (sa ud) . 107 j Oldslngs . ... 140 

------------------
Charge (Ot o noll flu >:) , 799 pouml . melt in ~; cbnrgo (ore, flu x, and fuel), 946.5 or 936 pouudo. 

Mo T . . • -u-- 42 
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In the preceding charge the propor tions are -
F! n x to ore ___ ______ __ ... .. - . .. .. ... .. - - . . . . . . . . . . . . . . . . . . . . . . . . • . . . 52 
Fuel to oro ___ .. . __ .... . . ... . . . . .. .. .. - . ... . - . . . . . . . . . . . . . . . . . . . . . . . 2G u ud 2 
F nr l to cburge .. .. .... .. .. ...... .. ...... .. .. -- -- .. .. .. -- -- -- .. .. .. . n t noel 1 ~ 

Cha rg es made a t Ca liforn ia works in F ebrua ry , I o. -~Jr. J. E . Hardman bad tb kind­
nes, to communica te t he foll owin g experim enta l cha rges, 'rbich be mad at t he 'ali­
fo rnia. meltin g work. whil e uperiut ud eut, ·hiefly wi th a ,- j , w to a 'oid th u e of old 
slag . 

! No. 1. I N o.2. No.3. No. 4. ! N o. 5. No. O. -

·--------,-----
1 

~:~~~::~s ~;.~--·_:: ::-. -_:·_-_-_-_-_: ::::: -- --~~ L -~~~ . ~: ' -- --~~~_ I __ -- ~~ ... -- ~~~-
Dolomite . .. .. .. .. .. .. .. .. .. • .. 45 I 40 50 50 

00 
65 

20 
55 
50 Hemati ro . . .... .. .... .... .... . .. oil 100 I 

Ohl lags .. .. .. .. .. ... .. . .. .. . .. 1 ---- -- -- -------- __ __ ___ .\ 
1110 100 100 100 90 

40 I ~4 I 21 24 

500 1 400 400 
H1 l;j 1 3~ 

425 1 450 
140 ,; 

G41 :;,; 535 
HO 121 lt4 

i I G ~ 6,;9 

5G~ 

~· I 124, 
1}59 G;3 

DO I GG I 

-In t he preceding charges the proportiou are -

-1 -----,---
No. 1. X o. 2. N o. 3. Xo.4. Xo. G. j Xo. o. 

:------------ ------ --- ------
~lux to oro .. ........ . , 28! 30~ 

I· nd ore .. .. . .... .. 
1 

31 

: Fuel to Cb l\rges . ... ·. -1 21il ?~I --· 
331 
Sl 

23i 

S3 

2Di 
22 

10 
3()f 

251 

21 
28i 
23! 

110 1 
a2 

50o 1 
105 
605 

142 
747 

Tb e foll owing ta.ble will aid in the corrC' ct iuterprctntion of 1 IIe ,C' Ogures : 

_ T_o'_'s_p_e_r 2_4_b_o_ur_s_o_r-_ N o. I. ' No~_l No . 4~ No~~ N o. 6.1 
20.0 21. 2 1' 19. 1 I 14.8 I 13.5 1' Ore consume<! - --- -- . . 
~o.G 28. 35 25. 4 !7.65 1 16. 31 

5. 6 G. ;,7 5. 5 1 4. 55

1 

3. 83 

l i . O I JG.'5 1 18.5 1G.5 12. 0 I 
2. 0 2. 5 3. 0 5. 25 2. 25 

I 

Ch~r •r· consn me<1 .. ___ __ 
F ud consumet1 . . __ . __ . . 
Sla ~: form ed . . ___ .. ____ .. 

B ull ion for>u t1 ·· - --· - - -

It re~ult from t !Ji ' tabl e tlJ at for caclJ ton of fu el burned th e quantity of ore 
smeltecliseqn a.lto: InNo.1 , 3.5 ton; in:N o. 3, 3.2 ; iu No.4, 3.4; inNo.5,3.2 ; a.n<lin 
'No. G, 3.5 - sllo~ing tbnt there i:- no a.cl,antage iu u ing tlnx in s tead of old slag, aud 
t ha t there i ~ a. di adn111tnge in doing ·o, since flu xes are co tly a.nd are apt to carry 
a,,va .r 110 incon id era.ble quantitie of lead and ~>ih·er, whil e old lag co' ts nothing a,nd 
i already atnra.ted with lead nnd ~ih·er. 
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nES ME. 

General discussion. - By compariu o-, in a tabulated form, tlJe a>ernge data obtained 
in tbe preceding di cu. ions relati>_ to each -tnelter witlJ tbe relation between the 
actual and the nominal capacity, it will be po ible to ome extent to realize the r la­
tion between tbe compo ition of melting charge an d tlJe time. 

Pro 
Pto 
Pto 
T on 
X on 
Rl 

I A. 13. I c. I D. E. F . I G. 

porn_onofflnxtoorc ... ···· · ·· ··· ··· ·- 1 2-;.o ---;,;----;.- 1~~~~-;; 
port ton of fn 1 to ore. ....... . . .. . .. . . ... 45. 3 33.0 34. 2 10.0 25. 0 47.7 25.5 
portiou of fuel to charge ... . ...... . .... I 3G. 2 • 23. 3 22. G 15.3 10. a 32. 5 10. o 
soforeper ~4l10urs (actual capacity) . . 2 0 104.0 51.0 11. 5 23.0 15. 9 60.7 

::jn~~ ~;~:t~t:;·;~ ~~~;i~~; ~~-;~~;i~: ::::::I 35.0 1 0. 0 70.0 40.0 50.0 60.0 120. 0 
0. 0 0. 57 0. 72 0. 29 0. 46 0. 26 o. 57 

H . 

30. 4 
24. 3 
1 . 6 

32. 0 
100.0 

0. 32 

X OTE.-Th relntious of nc! unl and uominal Mpacity, n here gi,·eu b~· Jlrr. G-uyon!, rnnnot b relied upon, ns 
h has onsume<l tba roch smelter was ruunin g 365 day durin.tr th e year. whcrea in point of fnct tb running 
tim mu t hn"e b ~n much le and mu t hn"e "arie•l widely in th cases ofdi Ohe.ntsmelters, none ofwhioh were 
probnbl · run n ing at their f"ll rapacity for nny great lengtb of tim e. ( . F. E.) 

E TIO~ III. 

P L \.~-T A~D MELTI~G OPER TION 

MEL'l'ING PLA ' T IN GENERAL. 

Furnaces. - .All th fnrnac of Leaddlle are bui lt on the Rame general principle 
and utain tb , eutial part·, but they b long to two di tinct tyle : t be rect­
ano-ulctr or quar and tlJe cir ular or round . TIJ e foll owing de cription i made from 
fnrnac of both ~tyl e. u eel at melter B but a. glauce at all tlJo other furnace 
·ketclJ ed for tLi r port, in wbi 11 the am 11art are de ignated by tbe "'ame lett r , 
will , bow that th e <lift r u e are on ly in detail . 

quare furna ce ( ee P late - 1).-'l'b general appearance of the e furnace 
is that repre 'ent d in elevation F ig. 1. The furnace i formed of two inclep udent 
parts: (1) Tb ma 011ry 0 upported on a main ca t-iron plate upport, O, re tin g on 
ca. t-iron pillar ·, P. (~) Tbo crncille .A npou w~icb re t tb water-jacket B. Tbe 
pac b tw en t be wat r -jack t and t he rna onr_y is fi ll d up witb fire-b rick, b. TIJis 

arrangement, a it i easy to perc i>e, i mo t con>en ient for repairs of parts expo eel 
to inju ry or d truct ion, a,ncl cannot b too higbly commended. It is uni>er al ly 
adopted in tb cnmp. 'l'be ma our~- is firm ly bound by braces Q, tbe y tern adopted 
fot' br, iog ntryin o- with almo ' t 'Tery furnace. Immediately above the feeding-floor , 
P ',aretobese ntbefeed-hole ,H provid dwitll lidi ngdoor::;, '·The meltiugcbarges 
;1r t hrown into the furnace throu o·b the o bole . 

'l'b e different part, of the masonry are the following ( ee vertical ectiou, F ig. 
3): 0 i. t ho haft of tbe furnace. The portion of the ba.ft imm uiately below tbe 
fC'cd-ltole i. ca II d the tllroat. It i een aLoin borizontal ectiou in F ig. 4. .D i tbe 
•ltim11 ey. .E is tl1o tack. T lle stack can be closed or open cl b\ mean of the damper G. 
The stack i also connected with the du t -condeu iu g chamberR by m ans of the beet-
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iron flue F'. 0' repre ent the walls of the furnace. Th wall placed1aboY tll 
gutter U, wbicl1 i alway cou idered a the front 1 art of tb furnn e i, call 
front wall. Tb oppo ite wnll, at the rear, is the back wall; on each id ar th id 
,,.all·, iu which ap rtnres ar proYid d for tbe feed-llole . A woodeu hood, W and 
chimney, W', are placed in front of th e furnace and aboYe tll e lag- utter to can~· off 
the fumes from slag . The crucible A i. formed of troug ca t-irou plates, a firmly 
·crew d and bolted together, and it i coYer d with a ca t-irou plate, a ( ee l 'ig . 3 
and 5, Plate X I '" ). The crucible is lin d with fire-brick or teep (bra que ). lu 
front of the crucible project the fore-hearth X, to wllich i arlapte1l tb la g-gutt r 
Ou one side of the crucible i placed the lead-pot L, comrouuicatiu o· with tb henrtb or 
crucible A' (Fig . 1, 2, and 31 by m an · of the ipbon L .' 1'lli arraug meut is called 
the siphou-t..'tp or automatic tap. It con titutes one of the greate t improv ru •nt. 
ever introduced in the construction of bla t ftunaces 1 for by it mean lead k p 
alway at the same leYel an l tbu e ca]Je a much a po ible tlle oxidizing actiou of 
th~ bla t Th lead pot is al wa.ys iuclo-ed in a ca t or wrought iron box or fram , a.', 
projecting outside of the crucible. The portiou of tlle hearth de ignated by A" (:r ig . 
3) i the dam. X' i ' th e teep of which the hearth, for -h arth, and lead- pot ar made. 

Tb '''at r-jack 't B con titute al ·o oue of the great ·t i.mprovem uts eY ' r in ­
troduced in tbe con truction of bla t-furnace . ben properly car d for they n ,·cr 
get injured; occa ionn 1ly thes may g t hifted or pring a leak bet we n tbe joint , l>n t 
tbi rarely affect ' ll e jackets them elve. It i sufficient to tate that meltiu,. am­
paigu of thirteen moo h are known in tb camp to give an idea of the importan ·e of 
tlli arrangement. The water-jacket B are hollow boxe indicated in el vatiou Eirr. 
1, aud in -ection,Fio·. 3. They arc made ofca t-irou, wrought-iron, or st el boiler-plate . 
lu the furnace uow under descriptiou they are made of cast iron. I n the water­
ja ·kets water cau circulate freely, o that the temperature of tbi portion of the furnace 
wall, where the mo t inten ·e beat reign iu the interior, ne\Cr xc ed · 600 to '/OO . 
'I he water-jacket arrangement i · a l waJ ectional, o a to a1lord e'ery facilit · for tll 
rcmo,, al of the jack ts wllen tbe furnace · need important repair . Tbe ectional di:­
] lO ition admits of tlle expan ion aOLl contraction of t l!i por iou of tlle foruace witiJ ­
out altering the r latiYe po Hions of th e par! , nn<l on tbi a count mu:t be highly 
COIUln Dlled . 

In the fnrnace nud er de -criptiou there are tweln: jacJ;ct : two iu frout cnl lecl 
t!Je front or brea t jackets; t\YO at t!:w back; anti four on e;,cll s id . Ju horizoutal 
ection, Fig. 2, tu e manner in wbicu they are formed is hown very ·learl_r. Th e jacket 

are firmly screwed, bolted, aud braced togetiJct·. Each jacket is provided witll on or 
more circular aperture for tbe introduction of the nozzl s of the tuy r s. Iu Fig. 2 
t h arrangem ot and eli ' PO ·itiou of the tnJer . N i · plaiuly een . Each jacket is 
lH'OYided with a ca t-irou feeder, R, forming nn integral portion of the jacket an1l ca t 
with it, for the iutro1luctiou of water. The level of this feeder is bigher thau the npp r 
part of the jacket, o a. to f.ill it compl e~el y with water. mall pip~ , S, scrc\YCll to 
th feeder -, act a outlet ' for th e hot water, which is carried aYray by the water­
gutter T. Cold water i introduced in tbe feeders by m an of th taps .Y upplied 
from the main wat ·r-pipe, .Al. In Leach·ille the tnyere are never provided with any 
special arrangement for coolin g them by water, for the rea on that the water-jackets 
act a per~ ct coolers of the tuyeres. Th tu~·ere are generally made of thin gal -
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Yani:,.:;etl · beet-iron, prc,·ided "i&h lidi ng \al\e l u eel to ob en · th e interior of ti.Je 
furna ce, aml also a safety-,al\c , fort-b ey are J f parti ally open d. Th e front jacket 
arc ahvay · pro\·ided witb au open pace, V \aryino· in hap, :LIH.l di!I'en ions, and 
clo cl "ith ~~ plug of tapping-cla,v. TLis r lu g i ca l1 ed the ymp- tone. The tap-bole 
Z i. perfora.tecl tluough tb, tymp · ton for tlle exit of molten lag. 

Gi1·cu lar j1trnaces (P la te XVIl ).-Tbe circular fnrna e are on truct don the 
. am principle a th e . quare on uiffcrino- on ly in t hat th eir masonry i a, lwa,r 
bidden from view by a \HOU li t-iron en in g or jacket, J', painted black. Thi jack t i 
mad of ri,-eted \nouo-ht- iron plat abonton -fourth in h tlli ck . The round furn a s, 
like tbe C)nar · one, are made of two iud epeudeutpart ; th ma onry supported on a 
·a ·t-irou plate, 0, rc ti ng on ca t- iron pillar , P j and the crncibl or hea rth A, upon 
which re t the circul ar "·at r-jacket B, a hYa~· mad of "· rou ght- iron pla te riveterl. 
The inten ·al bet"· n the water-jack t a nd th ma onry i al o fil l din with firc -hricl\, b. 
Th e main C;l , t-i ron plate up port 0 i pro,· ided witl.l a ci rcul:Ln· er tical f:lan o-e, 0', and \Tith 
fonr projectiug horizontal flanges, 0", corre ponding to the pillar . The hor izontal 
fiau o·e are upportecl b.r bra ket· r j t hey re ton the flange (cle ig natNl aJ o by 0") 
of tb capital of the pillar , . upport d by bmck t t. Th rna onry jacket J' (Fig. 3) 
i inca · d by tb tlano-e 0 ' of the main ca t- irou plate support 0, autl re t_, on tbi 
plat as do th rna onry ()' . Tb wall 0' i made of fire-bricks. Th tack E, a, con­
tin ua tion ofthejacket J', i not lin d with fire -bricks. A wooLlen hood, W, and chimn ey, 
TI' ' ar pia <linfrontoftb furna e aboYeth ' la g-gutter, . Tb hexagonaliulucti0n 
bla t-pipe I npplie tiJ branch pipe J and the tuyere 1\ with t lle bla t. K repre· 
,ent · tb annt h.o cor wind-bao- connectiucr tb branch pipe J wi· h the tuyere N. 

Th IJeartb or cru ibl .rl a.nd fore- heartll X nre made of trong cast-iron plates. 
firmly bound tog th rand covered with a a t-irou plate, cl. Tbelead -pot, which JTO· 

j t from th e ·rncible, i framed in a \Hou g ht-iron orca t-iron box. Tllefore-hea.rth is 
pro\id c1 \Yith two ·Ja g-gutter, , . Tb hearth A',~ re-b earth X', and lead-pot L are 
mad f tcep. The 1 ad-pot and rurible ·ommuui ate a in the ca e of sq uare fur­
nace, by means of tl.l iphou L'. The cir n lar ''' ater-ja ket are made of two ections~ 

firmly bonud toge tb er. Each ctiou is proYided with a "ater- upply pipe,M, at ba ~~ 
and an ontlet. ~f', at top to arry oft' bot water. In the ·e jackets no other feeder are: 
n d . 

B les in the jacket allow tb introdnction of the tuyere . T_be hori zontal sectio01 
(Fig.~) t hrough the tu,reres bow the dispo ition of the blast appa,ratu in tbe furnace. 
Th <1 tl ectinrr I bow or beet-iron fine F' forms the connection b t ween the ch imney 
D and the dn s t-condP.n ina- ba mb r D'. The taek E i provided witb a damper, G. 
Tb furnac llas but one feed-ho le, H, with it ~> l id i ug door . 

Blast apparatus.-The bla t apparatu in g neral u e in Leadvill · con ists of rotary 
po itiv bla t, driven by , team power; of o-al\anized-i ron pipe , for thfl el i tribution 
of th bla t; and of thin rralvaniz d-i rou tuyere , conn cted wi t h the branche of the 
bla t-pi r es by means of canva ho e or wind· bags. Tbe blower mostly adoptetl i 
Baker' rotary forced-bla t blower, bu t at one melter Root' forced -bla t b lower i 
al o iu n e. The a\erage pre ure of the bla t introd uced in the furnaces is on inch 
of mercury. TLe following table give t.he character, capacity, etc., of the blowers 
u eel at each smelter : 
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At smelter. X umber 
in us . 

A ...... ............ ......... 2 
B.......... . .... .... ........ 6 
B........ . .................. 2 
B.. ................... ...... 1 
c...... ........ . ......... ... 2 

D.................. .. ...... 2 
E ............... .. .. . ... . . . . 
E . ......... .... .......... .. 
F .. .. ................ : ...... 2 
G ............ .. ........ ... . 
G ...... ................ ... .. 
G .... . .................... .. 

: -::-: ::::::::::::::::::::::1 
~- :::::: : ::::::::: : ::::::::: : 1 

s::::::::::::::::-::::::::::1 

1 

3 

2 

2 

N .. . . . .. .... . .. . .. . ......... , 1 
0.... ... ..... .. .. ......... . 2 

TAULE YI.-Blo1cer in 11 c. 

Extreme 
Volume of 0f~~~~ol~ - Volnnhl of limit s of 

rcb,~uoslttttplo' tn· . !ions Pl' l ' I.Jln t JH' l' pro sure in 
minut . minute. iu ·h s of 

ntorcury. 

Kind of I.Jlowcr. 

---

I Oubir.jcet. Cubic feet. 
Baker's, Ko. 5 ................ . 25 so 2. 000 1 to I~ 

, .~~~~~:.- ~~.-~i:·_ :·.: :·.::· :::::: 25 90 2, 250 I 1 to 1~ 
16~ 90 I , 4 5 1 to 1~ 

Baker's, Xo.4 .. ............... 12 90 1, 0 0 I to 1~ 

I 
.Baker 's, Xo. 5a ······· ··· ··· - · ao s.; 2, - 50 ito 11 
Baker' , Xo. 5 ................. 25 88 2, 200 ~ to 16 
l:lakei·'s, K o. 46 .. ........ .. . . . . 16~ so 1, 320 
Baker's, Xo. 5i ... --·· .. . . . . 30 so 2, 400 1 
l:lak r ' -o. 5 . ...... ......... . 25 bO 2, 000 ito 1i 
Bake1·' , No.46 --- ···· ·· ····· · 16! 10 1, 7 2 i to 11 
Bake r's, X o. 5A . .. . .. .......... ao 100 3, 000 i to 11 
Bak r·s, Xo.6 .. ....... ... ..... 45 5 3, 25 ito li 
Root's, No.5 .. .. .. ..... . .. .. . . 23t 129 3, 000 i to 11 
Baker's, Xo. 5 ... .. .. ........ .. 25 5 2, 125 
Baker's, Xo. 5~ ··· ··· ··· · ···· · 30 100 3, 000 
...... do · ······ · ····-· ·· · ·- --- - 30 so 2, 400 
Baker's, No. 5 ...... .. .. . ... . . . 25 0 2, 000 
.Baker's , Xo.46 .. .............. 16l eo 1, 320 
Baker's, No. 5 . ... · -· ····--- -- 25 85 2,125 
Baker's , No. 41 ........... . .... 16~ 80 1, 320 
Bak r 's, Xo. 4 . .... . · ·· · ··--·· 12 90 I, 080 
Baker's, Kc. 5 .. .... ........... 25 so 2, 000 

The hor e-power required to drive the blower at a gi>en rate i obtaiu d by tllc 
following empirical formula : V being the >olume of bla t in u bic feet to be dtliv­
ered in one minute; P, the pre, ure hown by the mauomet r in th bla t-pip , 
expre sed in ounces per quare inch; B , the hor~e power; and h, the po,Yer required to 
OYercome friction, Yarying with the ize of the blower · : 

B= Vx Px 0.003 +h 
11 

The power requiretl to run one of be blo\\ers is proportionate to tlle pres ure of 
the bla t, volume delivered, and friction; blowers of differ nt , ize require the same 
power when tb ey cleli>er the arne volume of bla t. 

Baker's rotary forced-blast blower.-These blowers are manufactured by 1\Ie l'~. 

' V'ilb rn.ha m Brother , of Philadelphia. They are compact and coo tructed on Yer · 
simple principle . They deliver a po itive bla t, the Yolume of which is proportionate, 
for each ize, to tbe number of reYolution . They hardly ever get out of order aud 
gi Ye univet·sal sati faction in I.Jead ville. (Tile sketches corre pondiog to the followin g 
de criptioo are tho e of a blower No. 5, taken from tl.Je maker' catalogue.) They 
coo i ' t of a. cast iron ca e, A (Fig . 1 aucl 2, Pla te XLII), strongly ribbed and bolted, 
rectangular in plan and ·ection, and of a n arched top, B . Inside of this works a drum, 
D, carrying two tapering arm s, 0 0', whicll sweep round so clo e to tlle interior pe1'ipLery 
that no air escape . There are, besides, in the cast-iron ca~Se A two other urulll s, E 



HLA 'I APP Al{AT S. 

aud F, acting as ,·ah·es ; each is pro,itled with a crescent- ·hap tl nbutm nt and rece' , 
whicl.l allow the wing of thn fan 0 0' to pa it. Tb three <lrnm ar couue t l by 
uitable gearing on tlte outsid of t!Je ca e as is bown in FiO'. 1, in uch a manner 

that tile re\olutions of tb drum-vah·e draw ~tir i ' Ocbronou, ly with tllo e of the 
fan-drum . By tlleir combined operation air i drawn in at one ~ id of t!Je apparatu at 
tb ordinary pressnre and compre ed at th other to t he pre~ nre required, thi pr 
ur being in tlirect proportion to the ,-elocity of tlle drnm, as indicated in Table I. 

'l'be blower i ' placed on a brick chamber M (Fig. 2), coune ·ted with a beet-iron 
pipe, 1 through which air i. drawn. Thi ' i til e be ' t arrangement, for by it · m an~> 
accident· which might re nl t from the introduction of du t are prev nted, and meau­
wbile concu' ion of air i :woided, which renders tl.l e machiue comparatin~ly uoi ele s. 
But the he t-iron pipe ~ i often di pen eel with, and air i , imply drawn tbrougll 
tll e oTatin g R R' l)lace<l in front of tile blower (Fig. 1). The blow r i conn cted at. 
0 \Titb the gen raJ y t m of bla -t pipes by mean of galvanized be t-iron pipe , 
whi ch must be air-tight. Wheu the appara tus is in full bla t, a ~ light and reO'ular 
pnl at ion i ' felt at two or three mall hole placed at tl.le rear of tl.l ca . Snell i.' , in 
all it implicity, the Baker' rotary blower the mo, t perfect apparatus of tlJ kind 

,. r u d in m lting. 
The Root positive-blast blower.-Tbe Root blower, mauufactnr d bj' 1e Sr-!l. P . H. & 

F. i\L Root of Oonner'\ille, Ind., i IJown in perspectiv (Fig. 3, Plate XLII) a.ucl in 
" rti a l ·ection (Fig. 4). Tb ' I; tebe are 90pied from t ll e mak r' engraving· of a 
To. 5 blo,ver U.eliv ring 23! ·ubi fe t of bla t per minut revolution . It i the Hoot ' 

11 w tyl of blow r, f rmed entirely of m ta.llic parts and le clP-licat in tb clbtail 
of it ' con tru tion t!Jan the vld. ' t,yle. Til is machine, like tlte Baker blower, i very 

imp! aud effe tiY ~ aud o-i ,·es a po iti,- bla tin nearly Yery part of t heca e, pro­
portionat to til number of r volutions. Tb external part of tlle Root blO\Ter cou­
·i · t of two emicirc ttlar ast-1ron a ·,A noel B crewecl and bolted to two ca t-iron 
end plate ', whiciJ ~en·e al o a up] ort to the w!Jole rnachin and to theca t· 
iron bla t-pir e 0 and air c!Jamber iJ[ · of Jhe ca~t- iron journal Jj fi,·e pbo phor­
bronze jourual-boxe , K · t wo cut-g at", protecte'd l>y the honsiog H, and one dri,·iug 
pull y, P. 

TIJe internal-blast contrivance consi ' t of two ca t-iron r ,·oh · r , G 0', mounted 
ou ·te l ilaft;; I I'. Ea ·h revolv~r net ' a ' a fan-drum and drum-nth·e, with r ce · 
aucl abut m nt , forming th " ry simple and iugenion contrivance eeu in Fig. 4. A 
witll tue B aker blower, tbe bla t-pip 0 i ' conne ted by means of au air-tiO'ht gal­
vanized beet-iron pipe with tb general .Y tem of bla t-pipes lli tributing- t l.J bla t 
to th tuyere of th furnace • . 

Blast-pipes.- glau e aL Table I \\' ill how tbat n.t each smelter th number of 
blo\\· r ' iu u e cone pomls to the number of furnace· at work aml a a matt r of 
course the capacity number · of th blowers corre pond to i be melting capa it;y of 
tile furuace . The furnaces of LeaclYillc being alway· worked with Yeral tuyeres, 
the ula t j alway distributP.cl by branch pipe from an indnction -pilJe Ul'l'Ollllding 
the furnace. .A glance at any of t it descripti ,·e ketches of fnrnace accompanying 
tili · report will sho\y tbi arrangemeut, I alway representing th induction pipe 
n,ud J th e branch pip s of the am e. Vi h n the sm •I ting work have only one furnace 
the induction-pipe is placed iu direct ommunication with each b lower by mean of a 



664 GEOLOGY A~D i\HNI.r G I D STRY OF LE ~DVILLE. . 

tmm ·!J pipe, T, whidt in t hi ca act a a maio. t melter I, workinO' with t\TO 
furnaces: ea ·b furnace inunction -pipe i s imilarly placed in direct commu nication with 
each blower; but the general y tem auoptetl in th camp, at, m Iter working witi.J 
two or more furnace , i to conn et a,ll the b l ower~ with a main pipe, R, from whi h 
the branch pipe T di tribut the bla t to the induction -pipe of each furnace. The 
whole y tem of bla t-pipe , including the t uyere , uut with the exception of the ca,nva 
wind-bags, is made of galvanized beet iron. 

Blast-pipe system.-The roo t complete and per~ ct y t m of blat-pipe, from 
which thi de cription will be made, i ap plied at Sm Iter C. At melter F the 
arrangement i simila r in every re pect· a.t t he other melter the arranO'ernen t i v ry 
nea rly the same, and if there a re li ght modification of th g n raJ yst m there are 
no impro>eroents on it. Two b lower ,A a ncl B (Fig .1 , Plat XXXI ), com municate with 
the main pipe, R', by mean of the pipe. E, each of which i provided with dampers 
or liding-va lves, ll', regulat ing the draft, and with safety-va h·es, , reguhLting the 
pres ure. The safety-va lve are et to a pre ure of abou nine- iO'h ths of au inch of 
mercury. The drau rrbt i regulat d. in the main pipe, R', by mean of damper , ll', or 
tiding valve worke(l by a. lever, h h' ( e Fig. 5, Plat X -rx). A ·irnilar dampe r·, 

F" (Fig. 1, Plate XX 1), allows t be ex ·e of bla t to cape from the main pipe. The 
bmncb pipe T', provided with dampers Jl', ~l'ork d like the prec cling, allow the 
introduction of the proper amount of bla t require(l by each furnace; each pip , T', 
communicate at Z" witb a manometer. 'fhe genP.ral arrangement of the induction­
pipe I a nd a branch pipe, J, is clearly shown iu the same figure, and a g lance at Fig. 
5, P late XXIX, indicates the connection of the branch pipe J with t l.J e tuyerE> ~ 

by mean of t be cam~a ho~e K . 'l'bu by the preceding di po ition an even pres nre 
of l>la ·t is ecur d in a main pipe, from which tbe proper amount required for ach 
fu rnace i t~tken at will. As far a the di tribution of bla t i, concerned, tbe bla t­
pipe J' tern ju t de cribetl is ab olntely perfect; but iL lack · an important element, 
which would rend er invaluable en·ices in smelting, namely, tile means of a certaining 
the volum of bla t blown into each furnace cturi11g a c rtaiu lap e of t ime. This could 
ea ·ily ue determined by the u e of a meter similar to those u eel for the mea uremeut 
of illumipati ng ga in cubic feet. Thi meter hould be placed between the damper F 
of tl.J branch pipe T' and the indnct ion -p ipes of each furnace. In t.bi way atmo -
ph eric a ir might be con id ered as one of the el ment of t he smelting charge~, and by 
th i · JUf~ans weighed or mea ured with as mucll accuracy as the fu I it self, with wbil:h 
it bears the closest relation . 'l' his importan t point will be insisted upon in the dis­
en ion of the smeltin g reactions . 

S:;\IELTI NG OPERATIONS IN GENERAL. 

Drying of the furnace .- W ll en t he furnace is new or when an old furnace bas been 
recen tly r elined, it is first of all carefully dried by menu of a slow charcoal or wood 
fire kep t teadily burning and slowly increa ·in g in t emperature for severa l days, every 
pr cau t ion being taken to prevent the escaping moisture from loosening the ma onry. 

When heat i perceptible on the outside of the wall of the furnace th e drying i 
completed. Til fire is allowed to burn out aud the furnace left to cool. Tbi done, 
th e crucibl e i ~ imm ediately lined either with teep in e ,·ery part or with tampiug in 

• 
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some part only, •iz the dRm ~ ipbou, aud iphon-tap. Steep or br<l que i a mix tar of 
one part fire-clay and one part coke-dn t. but more genera ll r two part fire-clay and 
one part oke-du t . Tamping is a simple linin g of fire-clay. It i only u ·ed for certain 
part of cru ible entirely lin ed ~itb tire-brick . 

Blowing-in or starting of the furnace.- The furnac , being r ady for work, is filled up 
from the hearth to the throat with cbnrcon l which i et on f]re at the h artll zoue. 
Th tuy re-ltolc of tb \raterja ·ket arc I ft, open a well n tile t,ymp- tone and 
the damper of tile tack, in order to cr ate a clraft. The charcoal grad ually becom 
incandesr.eut to the ' 'cry throat and wheu thi zone lin attained a low red heat th 
blowing-in begin . The tuy re-hol e · of the wa.terjack t,;:, with the exception of from 
t\YO to fom of the bole uearc t to the front, and in wll icb tbe r specti ' 'e tuyere at·e 
in erte(l (th nnmber of tu_yere et in <.1 pending ou the capncity of tbe furnace) , are 
ealecl with j)lngs of fire-clay an u the wind-bag of tb corre ponding tuyere are 

tied up ~itb trino- . Tbe tymp- tone i et in and tbe bla t i then tnrneu on at fu ll 
pre nre. A long flame i sue from the iphon-tap, and thi i kep t on l:ltead ily uutil 
tl..te lend-pot b come red hot . The clay topper of tbe tuyere- hole iu the water­
jacket are then r moYetl and all tb tuycr I tin. The bla t ::tt this point is regu-
1. tecl t th normal pr ur antl tb fumace is r ady for Lh fillino- of tb e crucible. 

Filling of the crucible.-Bar of bullion alway kept in re ~ rve for tlti pnrpo e, and 
in amount from fonr to tw h·e tou , a ot·diog to tb capa ity of the cruci ble, are th rown 
in at the~ tl-h le with mor fu I. Tbi · i done grndually in tbe proportion of three 
bar of unllion, or 300 pound to eio·bt ~ hove l of charcoal, or about 14 per cent. 
of fuel. \. cording- to the capacity of the furnace , fr·om oue buudred to two hundred 
and fifty bu h l ·of bar oal a re co nsumetl iu the preliminary operation con titutino­
tbe blo,Yiog-in. h n molten I ad makes it appearance at th top of t.be siphon -tap 
a f w pi ce of li\ charcoHl ar placed npou it to pre,-ent it from cooliug, a,nd t he fur­
nne i rea.dy for cbnrp:ing-. 

Charging of the furnace--Old lag are fir t of all tb rowu in the ftnn Rce, a a ldnd of 
tu t f th t mp ratnr of tbe furuace which is not ready so lon o· n the lag-s a.re not 
p rfectly flnid. The head melter or hi n ·, i taut open from time to time the tap-bole 
in th tymp- tone to a. certain th ir degrre of fluidity, and tbe regular cha.rgiog begin 
only w!J n they run quite fr ely . Tbi' point bein o· attained the charges are dispo:sed 
iu itl of tb furnace ;:; x.t to tb wall , a d epre ~ion beiug left in the c ntee for the 
charging of be fu l. Thi' mode of •baro·ing i the one o-enera.lly adopted but there 
ar nteia.tions in t b mod of mixing tb material forming the melting charge . At 

lter fuel i fir t thrown iu, tben old lag , over tbe :- lags the fluxe., and above 
the ore. At others fnel i mi:s:e 1 with old lao· and fluxe a.re mixed ~ith 

th ore. La tl , a,IJ(l tbi i tbe mode of proceeding rno tly adopted, the sla,o-,, fiuxe , 
and or are mixed too-ether ;,ml th fnel is kept s I a rate. At tl..te mo t succes~fnl 
m Iter the mi:s:in o- of fuel a n<l old ·lags, ou the one l..taml, and of tbe fiuxe' and ore, 

on the ther, i ' prevalent. \VIJ;tte,- r mod of mixing- the materia.!· of the meltino­
cbarge i u eel, the ma.nner in which tbe,v H>re distributed in the furnace i the a we; 
tllM is, fuel i a.lwa.ys tbro~n in the ceut r of the furna e an d the charge di tributetl 
on th s id next to the wall· . 1'Lli · seem scarcel.r n. good pJan, a ' it favor the. growth 
of accretion~ in the lowet· part of t il e ·ba.ft of tbe furnace immediately above the wat r­
jack ts, in the" ry place where their remo ,-,11 offers the g-reate t lifficulties. It would 

eem that, if in each alteruate charge the proce wa re• ersed aou t he fuel alternately 
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distributed in tlle centee and on the sides of t ho furnace, til e lower part o( tb ~haft 

would rea<.:il a ilig'l)er temperaLue and pt· ' n t tlle foemation of th ' ac ·r t iou , wl.Ji ·ll 
con tituto the onl.'f real di fficu lty with which tile m lter IJ ave to ·on tend. Th a ualyse ­
wbich IJ a ,·e heeu made of tbe e products (see Section I ) bow tllat th y ar form tl 
of ubliruated sub tauces Yolatilized in the zone of higher ternp rature and depotSit<.•ll 
in t il e fir tcool zones which thes encounter a they a ceud iu the form of Yapor. lJOulrl 
the modification in the mode of charg ing which bas b en pror osed pro\e pr<.~cti al, 
accretions would still be fon uecl, but in t be hig ber zones of tb haft, from which tbej· 
could be detached oftener and witil much mor facili ty. In an~· ca e, they would inter· 
fere much le ' s wit h the work iu o· of tllefuruace, which d pends a g reat d <tl ou th reo·n· 
Ja rit.1 with which the charges de cend tlle lla.ft, aud tbe drealled ba nging (i . . , tb~: fall 
of the fuel to the t uyere-hole and u pen ion of th cllarg ou th side ) would be in 
g reat part avoid ed . 

Barring-out or barring-down of the furnace.-As it i ··,once p r hift or once in 24 hour~:i, 

as the ca e may be, or e\en once in two or three <lays, tile fuTnace is barr d out or 
down, i. e. the accretions ar foreibly detached from th wal l. of the haft by mean 
or bars and sledge . The charges are a llowed to de ·ceml to t lJ e len~ l of tb' acceetiou ·, 
the bla tis turned off, a ud loug- chi el pointed bar~ a li ttle ilorter tilan th e il igb of 
the .. haft are introduced from tile feed-bole between the accretions and th wall uy 
mean of the. led ge, and the accretion t lJU remoYed are left in the cilarge, by whi ·h 
they are fluxed down. Wben this operation is o ,-ee the ula L i turneu ou again, the 
charging of the furnace continue , and melting i ' re umed. (The clli ·el .pointed bar· 
u eel in barring d ow u tll furnace are repre ·en ted iu Fig. 7, Plate XLIV.) 

Smelting of flue and chamber dusts.- Flne and cl.J a m ber du t are mixed i u general witl1 
lime, and the mixture, either molded into urick or not, i , prea<l OYer the or ·bed ' , ·o 
that a little fiue-du tenter into the composition of tlJe melting cllarge . Tbi:s i:s e ,·i · 
d ently the be t way of di po iog of this rather trouble ome product, and in tb tliscus· 

ion of cll amber-dust it wi ll be sho wn t hat the admixture of lime is the best piau that 
cau be deYi ed for it treatment. 

Running with dark top.- I u Leacl\ille, furnaces are a lway made to run with a dark 
t op, and this is one of the best indication ' that t he furnace is rnnu iug properly. By 
thi is meant that the zone of the throat is perfectly dark; that no flam e is ues from it; 
tllat the top part of til e charge ~. ows no ·ign ·of iucande cence; and tllat all tll at i 
een is a thick, black moke a cendi ng th e chimney. 

Tapping of slag.- A oon as the furnace begius to work with regularity it b come 
neces ary to draw out p eriodically the molten s lag f rom t he furnace. Tbi · i tlon e on 
au averao·e e ,·ery fift~eu or twenty minute . 'l'o effect this, slag-pot , mounted ou wh ee l 
and made entirely of cast iron (see Plate. XXIII and XXXVJI for th e two t,yles of 
sla.g-pots u ed in Lead,ille), ar e brougilt clo e to th e fore-ilearth of the fumae:e a nd 
vlaced under the sla.g .gntter. A tap-hole i J)erforate<l at the middle of the ba ·e of 
the tymp - tone b.f m a n. of a pointed steel bar about au m ch tilick, wbich i::; forced 
in to the clay by gen tl . t rokes of a li gh t bnmm er. This operat ion is genera lly per · 
form ed uy the head Slllelter's nssL taut. Tbe lag fUll S O\'e l' th e 'teep or clay wit h 
which t he fore.Jlcarth i · coYered, then along the slag .g utter , an 'l t hence into the lag­
pot. As oon a t he slag-pot till~, tile head · melter dexterou sly plug. t.lle tap-ilole wit h 
a s mall lump of soft tappiug ·Chty ' tuck to the end of tlle peculiar iron rod show n 'in 
Fig. G, Plate :X:Ll\r: aut! ,-all e:l til e t appin g. rod. Dlllin ~· tlli · operation ll o,ren; of 
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rcd -lwt slag--spark· fly in c,·ery direction around the tap-bole. The tapping-pot · ot· 
s~acr.po t are then ~'>· heeled awns by the slag-wheeler to the ·la g ·hear). The lag i · 
ettLcr allowell to cool cotupleteJy iu the pot aml tl.Je cake of ·lag thus form <1 i · 
extracted boclily and broken up in to fragm ent , or el , tL pot fill ed "'·iti.J tuolten lag 
i tipped o,· ·r the edge of the slag-heap, \Yhere the slag runs down lik lnnl. 

Taking specimens of slag for assay._'Jwo or three times a uay a pecim n of lao· i 
taken dir ct from the tream flowing from the furnace by means of a y r.r tuall iron 
ladl ' proYiued with a long haudle. The specimens thu' obtaiucd ar forwarde l to tl.Je 
a' ay office, where their pecific g i-a>ity and their contents in leacl and ih·er ar d t r­
min ecl . After 'ery tapping ' Orne lag ti k to the for -hearth and lng.o·utter from 
wllicll it i · a ily d tacb d by prinkling a lit tle cold water o,·er it and knocking it off 
with nu iron bar. 

Matte and speiss.-Iu Lead ,-ille tbe little pei · aud iron-and-lead matte fot'!ll d clur­
in o· meltiug are ruu into the slag-pots. At om work spei: , matte, and lag are 
tl.J rown pell-mell O\·er the slag-beap; at other the cake of :speis or matte \YI.Jich have 
ettletl at tb bottom of the lag-pot are knocked off the lag with the hamm r. pei 

i k pt iu a parate h ap, bu uo treatm nt ha been found for it. The matte, s pa­
rated frow pei ' and slag i roa ·ted in heap andre melted aJterward witb the ore. 
lu the tudy on matte it will b eu that thi roa tiuo· iu heap appears to be a ,·ery 
bad openttion. · 

Ladling-out of melted bullion.-From time to time bullion i · ladled out of tbe lead-pot 
or ip!Jon -tap b.r mean of m·ougi.Jt-irou ladle and pour d into cast-iron mold placell 
in a row aloorr · id • t!Je furnace on the lcad-po itlc. 'rbe mold ' bear in relief. lett rs 
th nam of the sm ltitw firm, o that f!Cll l>a r of bullion i branded with it. When 
cold tlt bar ar tal;: n out on tbe. lag-heap or under a shed near the eno-io -room , 
and th n W' igbed matkecl, and two ·mall pi cC' -One from top and one from bottom­
are d tach d by rn an of hammer and c!Ji ' el and car fully kep t for a ay. ·when a 
ar-load ba be n thus weio-llell tb a · a bit ·, a ll mixed up together iu a tin can or 

copp r pau, are forward •tl to th a ay office. 
Watching the furnace.-En•ry part of tbe furnace requires con taut watching in 

onlcr to apply at a moment · uoti ·e tb prop r retuedy for a uy accitleut tbat may happ u. 
TIH si phou -tap r quire some attention aml it siphon must be kept constantly clear; 
tbi is efD ctctl l>y tl.lc introductio n from time to titue, of .a cur\ <l iron bar about two 
incbe.· thick, pr \ion ly heat d to reclues n,t th cut'\·ed end. 'l'bis bar i r •pre uted 
i u Fig. ~, Plate :XLI . The water-jack •t · fot•m perl.lap tbe lea ' t trouble ·om part of 
tbe furnace, and set it i uece sary to insure tbe ruuuiug of the water into them at 
u ·11 a rate tbat tile temperatur of the wat r i · ·uing from them bonld be as nearly 

n po · ·ible soo to Goo 0 . 
Tbc pr ure at the induct ion-pipe manom ter mu t be con tautly watched and 

tbe pr ure k pt teady or modified flccordiug to momentary requir m nt . 
Tbe tuyere mu ' t be kept perfectly clear from a ny chilled slag· by tlle introduction 

of irou bar:s into the slidiuo· ,·alnl, aud tb temperature and c9ntlition of the zoue of 
fu~ion obser~ed througll th tuyere . When black ring ' round t l.le tuyer s indicate 
a beginning ofcbilliug, t1littl more fuel i add d, ot· tbe barge i' somewhat dimini heel, 
thefuelremaiuiu•·tb ' arne. Ifti.Jctemp ' l'<ltur pro~·estoo bigb fuelisdimiui ' lledor 
tlte •l!ar n· i s lightly increa d. If ·emi-tluid stao· or raw or form h arth accretion 
1rbicll flo not disapp a t· by au increa e of ti.J • tem p ratnre, the blast mu t be s hut off, 
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the tymp · toue remo,- c1 and the h nrtiJ clear ll from accretion bJ· m an of bars aud 
sledges; a. li ttle fnel is then thrown iu the hearth the tyrnp- ton replaced, h bin t 
t urned on, and melting resum d. 

Blowing out of the furnace.-WlJ n a fnrnn ·e 11 c1 repairing or wi.J ' 11 au ac.; ·ident 
in terfering with n regular worki11g of th furnace ha o nrr d, the :fi eding i en t ir ly 
n ·pended, but the bla t i kept on until the content of the furuace ar entir 1 mol ten. 

Tb charge oou burns with a. hrigi.Jt top and th fnruace mit torrent of bea.v.r white 
fu me . When the whole charge lla · reached the 1 vel of the tuy re tb furnace i 
emptied of its fluid conten t , first a,t th tap-bole, th n the br a t i r moved aud the 
bullion taken out of tbe crucible. 

Length of runs .-Tbe l~ngth of run or meltiug cam pai o·n · i el<lom le tha.n 
three month , but often reacbc .· ix , eight: n.ncl eYen twelve and thirteen month Th 
lack of ore i. oue of the pl'incipal cause t hat horten tb rueltin o· campaign 

CO '1' .AND PROFIT OF )!ELTING. 

The di, cu ion of profit aml loss in sm lti ng will b mad for n . m It J' \\'hi h 
tand in intermediate condition l.Je tweeu the melt r.- which produc mo t and tho e 

which produce lea t. Tllis melter work wil b t~- o fumnce of a capacity of 5 to 40 
ton each of ore per twen ty-fotlr hour . The di cu ion isba etl on data obtain d at tbi · 
melter for the mouth of July, 1 0, a nd which are to be fo uu l witb the compo itiou of 
melting charge , the other data being all deriY d from Table IV. The co t of m lti ng 

per ton of ore, as e timated at each ~melter, lla · 'been given al o in th arne table. 
The calculations are made on co- anclvrofit per tweuty-four hour an 1 per ton of ore. 

EXPE=" ES PER TWE~TY-FOUR HO RS. 

Power. 

Cost of mechanic:tl power per 2-1 hours, represented by 3t cords of pine ''ood bumed under 
the boilers and drivjng engin e , blowers, pumps, &c., at '4.75 per cord __ ._____________ '15 44 

Labor. 
Co t of m:tnu:tllubor per 2.J hours: 

2 for emen, at 4 anfl '6 . _ ............ .. . . ....... _ . . __ . ___ . _. ___ . ___ .. _. __ 
head smelter , at $4 ___ ___ .•••• . •••. .•..•. ___ . ______ . • ____ _____ • __ . __ ••• 

26 helper , at 83 .... .. .... .. ................... . .............. __ __ _______ _ 
G5 laborers, at . '2.50 . _. __ . __ . __ . __ .... __ .... ______ .... .. . . .. ____ •..... __ __ 

Aggregate salary of taff per 24 hours __ • . • 

Ore. 

Forty-eight tons ore melted in 24 hours, con tents 34 per cent. of lead, 41.5 ounces 
of silver to the ton, eqnivalent t.o 1,992oon ces, at $1.15 per onnce ( rew York 
quotation Jnue 21, 1 0) .. -·-- .... __ __ ____ ------ .... .. ________ ------ _____ _ 

32,640 pounds of lend, eq ottl to 1,632 nni ts, at 15 cents per unit of 20 pounds ______ __ 

Ded ucting 5 per cent. off pri ce of silver ...... __ . . __ . ____ ... __ ... . .. _____ $114 54 
Deducting cost of treatment at ;·;w per ton .. .. -- ................ __ __ __ __ 960 00 

10 00 
32 00 
7 00 

16Z !iO 

2,290 eo 
244 80 

2,535 60 

1,074 54 

2 2 50 
46 50 

1, 461 06 



COST A.r D PROFITS OF SMELTING. 

Flux. 

Price paid for fluxes used in 24 Lours: 
17 tons of dolomite, at 3.50 per ton ...... _·- --- -· ----- ------·----- ____ . . . . 
2i- tons of hematite, at ·9.50 .................. _ ......................... .. 

'59 GO 
26 12 

G69 

--- 562 
Fuel. 

Prir.c paid for fu el used in 2-1 hours: 
9t ton of charcoal, at l ' .57 per ton .... .. .. __ ...................... 0 .... . 

7 tons of coke, at '37. 5u per ton .. ...... .... .......... o .............. .. 0 .. . 

171 7i 
262 50 

General expenses .. 00 0 .. 0 .. 0 0 • • 0 ............ 0 0 0 0 .... _ 0 00 .... 00 .............. 
0

• 

Wear and tear and !' ' pairs of in1plement, ay 5 p r cet:t. of general expen e 00 .. _ .. 0 .... 00 

434 :.7 

2,325 39 
116 27 

Total expen cs ooOooo ... oo o · -o --o 0 000 oooo 0000 0 000000 000 0 ooo o OoOOO .. ... Oo oo 0000 2,44 1 66 

PHOFlT PER T \\'EXTY-FOUH H OUR . 

Bullion olJt.ained in 24 hou r · : 14 ton , a ay ing 136 oun ces of ilYcr to the tou, 
equivalent to 2 ,000 pound , cout:Uuiuo- 1,904 ounce of ihoer, or 130.56 
po und (avoirdupo i ) of silver(New York quo:atious Ju l_v :n, 1 0): 

27, 69.44 pouuus of lea I, at 4! cents per pound 00 .. 00 0 .. _ 00 00 0 00 0 ...... 1, 254 1-
1,90-!ouuce of ilv r,at:' l.l-Jtper ouuce ... .. oo . .... ....... oo ...... oo 2, 17.) 32 

Dednctmg r fin · tJ cbarg , at ' 14oco p r ton of bullion 0 00 . 00 .. . .... .... 00 00 ... 0 

D ducting tota.l cxpeu ............ ...... ....... ....... .... 00 ...... 0 ........ .. 

203 00 
2,441 66 

3,429 44 

--- 2,644 66 

'ct profit · per 24 honr 

Total xp u • p r touofor ............ .... ........... 00 ...... .. oo .... .. o ... ..... .... oo 50 6 
o t of m lting p r ton of or . 00 ..... ...... 00 00 .... 00 .... 00 .... 00 .... ........ ..... . . .. 00 20 41 

Profi 1 p r tou of ore . ___ ... 0 • • _ ••• • • _ • 0 •••• ••• _. 0 • ____ 0 ••••• •••••• 0 0 0 • _ • • _ • ••• • • 0 0 _ ••••• 0 Hi :13 

From tl.Jc profit· mn t he d >clucl d a c rta io amonu t for the inkin g fund of 
eapital im·e'tetl in plau t aud a c ' r tai u amount for tbe int re ton t be \YOrkin g capit ::1 l. 

l'LA.:\'T AND OPERA.'l'ION:s Ole INDIVID AL ::UEL1'ER . 

MELTER A. 

Disposition of works ( ee Phnc -:s._ V ). -These II'OI'k are e rected ou the uortl.J em 

b a uk of Oa,l iforu ia o-nlcb . Deiug o ne of the fir t ' Ill Ite r ' tarted iu L eadvill e, its 
plant is om wl.Ja ::wtiqnat tl, lJnt, uch as i t i , i t l.Ja s r eud red good enicc. Tbe 
t\\'0 furua cc ·A A' arc tbc large t c irc uhtr fnruac ~ iu tbe camp and a r ' Yery clumsy. 
Th ·ir clum ·iues · i.· mad more cYill n t till wll e n o ne l.J ea r s tbat iu ·pite of tb ir large 
din.t e n ·ions their m e lt in g ca pa city i.' ottly equa l to t ba t of tbe maile r fuma c at 
pr · >ut in use at the other w elter · and wlt eu it i · l'ouml, a ltn · b en pointed out in 
the composition of smcltioo· Large ::-, that tbey cousuwe t'vice ns mnel.J fu -1 as t l.1 e 
mailer one . Ou tb o furn ace I , ,ocl there i ·a bati.er · of ! l.Jreo ::> t<~<np ·. Th e 'n~ i gbt of 

eacl.J ·tam p aud tem is 400 pountls. Tllese tamp are nsctl e li iefi 0 for c ru · hi ug tile cok 
witll which tl.le teep of t l.J c furnaces i · mad .• Tl.l e furnaee le ve l ·ommuuicate.s \Yitl.J til 
fi ecli ng-fioo r by mean of a tlight of tep ' , aud al o by m •a us of au e lenttor, cl.Jiefty 



670 GEOLOGY AND JII ING INDUSTRY OF LEAD ILLE . 

usccl to ca rry nn barrowfnl of old lag used n flux: in m ltin g. 'rhe boil er, engine, 
nod hla t room i n xt to tb e fnrnnce-room, on tlt e ri n·ht facing tb fnrnac s. Tbe 
boil r are worked at a. pre nre of 60 pound p r sq uare inclt. Th engine i of 40 
horse-power and tltc bin t apparatu con i ts of wo No. 5 Baker blower . 

'rbe office , a sny office , and laborato ry occnpy detached building on a level 
with the foot of the larr-heap. On th feedin g-floor i n. hn·ge wooden t rough in 
wltieb th e roa teu flne·dn t (at this m It r flne-dn t i roa ted before r meltin g) is 
mixeclwithabout20percent.ofmilkoflime. Th emixture i then ·prendo,-erth ore­
bells placed on thi floor. T!Je crnsltino- ma chin ery, placed al o on thi floor, con,i t 
or two large .r o. 5 Blake ern her (opening between the j aw , 15 b,v!) inch s). 

Immedia tely out i<l of th e main building on the feedin g-floor level, a,r th flue 
co nn ectin g t he s tack of the furnace with tbe dust-chamber; this a.rranrrement i tll e 
only one of it kind in Lead>ille. Tbe upper part of the tack E, E', (Pla te X ) 
of the furnaces A., A', a,re connected by me::w s of tbe sheet-iron flue H, H', with a, 
main heet-iron flue, F', whi ch enter the brick-du t ebamber D'. Each of the flu 
H H' i pro,-ided with one, and flue F; with three, sliding doors, place<l on the upper 
1)art of tb e flu es and pamllel with t ltem (the e door a,re not vi ibl e in t he k etclt), 
and n ed for clearing the du t whi ch accumu late p riodi ally in tll fiu' . Tb flu 
F' r . t about half way on a mall flue-uu t chamber, N, made of brick and pro,ided 
with a licling door, cl, for tbe extraction of tbe flue-do t. ImruedintE>.ly at tb e r ar of the 
d u t ·cbamber D' are long row of ore- bin , and immediately behind them i a large 
ron ting.furnace. The le, el in1m ediately above and at rear of the roasting-furnace is 
the fuel le,el which Cflmm uni cates with t he bla t ·fnrnaces by mean of an ele,·ated 
platform, R', pro-vided with a track of rail . Tlte fuel, charged in light she t-iron 
minino· barrow , is thrown llowu next to the feed-boles along tbe chute , S. Tbi 
arrangement i capital and ave much labor; two fuel men are ufficient to upply 
all the fu el needed in melting, but it great incon\enience iR that of filling the who! ' 
feetling-tloor witll an eYet·-floatino· cloud of impalpable charcoal do t, very eli agreable 
to bre<LtlJe and which mn t pro'e after a while mo t injuriou to th e lnngs of tho ·e 
who li\~e con tautly in -t.wh an a t mo pbere. When in full bla t tbe e work em ploy 
66 workmen per tw nty-four hour . 

Furnaces.-Tbe two bla t-furnace :,tt Smelter A a, r~ circular and identical in 
bape, dimen ion , ancl capacity. Both furnaces are een in perspective, Plate XXV , 

and one of them i · t1ra wn to cale in Plate XXIII. They are constructed on exactly 
the same general principle as all th e other furnaces in th e cnmp, but in detail diffe~· 

a good deal. 
The crucible .tl i very litt,le larger than the water-jacket ; it is framed in trong 

ca t-irou plat , a, formin g egments of a circle, six in number and firmly bolted to­
Nether at th jomt . The frame of tll e fore-hearth Xi al o made of cas t-iron plate , 
nncl t he projection X " of the fore- hearth, which exists only iu tbi furnace, is simi­
larly fntmecl. The crucible, siphon-tap, fore-hearth, and fore-hearth projection are 
entirely lined with teep, made of one part fire-clay and one part fi.Dely pulverized 
col<e. The projection of the fore-hearth i prodded with two slag- pouts, U. The 
frame of the lead-pot i made of trong beet-iron, ai, bolted to the cast-iron-plate of 
th e crucible. The y tern of water-jackets cou i ts of . ix: jacket of equal dimen ion.; 
four of these are made of trongly r~veted, wron "'ht-iron boiler-plates and two are made 
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of ca t iron . Tbi. principle is a bad one, owing to tiJ nn qual expan iou and con­
traction of th e two metal·, and sl.Jould be avoid Ll; when s er tbiR plan i adopted the 
water-jack t ;; tem frequ ently gets out of order. Each jacket i pro~·ided witll a, 

feeder, R, in which ex is ·.· an outlet for the bot wate r , and a hole, n, for the introduction 
of the nozzle of a tuyere. Fig. 2 ,JJOw tl.Je clispo ition of tb , ix tnye1· and of the 
jack t ; the ~pae between tbc water-jacket ' and th e ma 011ry aboYe i filled a u unl 
by fire-brick , b. The pill ars P have tbei1· capital~ .flange- ·!Japed at 0". Thi flange 
re ts on th e pillar· by mean of bracket t. Tb e main ca t-iron plate-suppQrt 0 i aL o 
fla.ngecl at o (Fig. 4) and tile e flang nre connected witll the circular ancl ,-ertica l 
:fl.an o-e 0' of t~e I late by meau of the bracket ?'. The masonry aud tack ar n­
tirely 'LllToundetl by ~t \\rought-iron casing or jacket, J', nrrouudecl nt the ba by 
the -flange 0' . · 

Tb re is only one feed-hole H, at the throat-, but tbi feecl-bo le i twice as high as 
it is in tno t furnaces, and i rli\7idetl into two sections by two hinged wrought-iron 
doors, ' "· The nppP.r door i only op ned to un1' out the furnace. 'rbe damp r G of 
the tack is not ;ngl , a iu all tbe other furnace , but i made of two bal\e , G G'. 
The walls 0' of thi furnace are much thi ker than t he wall of ruo t circular bla · t­

furnaces. 
TIJ induction-pipe I i made, a u ual of galvnniz d , lleet-iron. It ba a, pe ·u­

linr l1ap ; it form a, rino- around tb fumace, nnd tlli ring i quare iu vertical ection, 
buttb brnnchpipe Jarecylindrical,a i a lway theca·e. Eacbfurnacesmelt fl'om 
17 to 20 ton iu t\\ent -four 11om· ; produ e from 4 to 5 ton of bullion and from 13 to 25 
t 11 of la g .1 Th length of run of the e fnruace i about is: month ; t~1ey are bnrred 
ut. ' Ye1·y t'' h·e honr , at the b ainning of ea 11 IJift. 'Ihe chi f d efect i that the 

liam ete l' of tiJ water-jad t nt tiJ tuyeres i rath er too l&rge. Oontt·nry to the piau 
adopted at all tbe other melt r , periodical tapping of lag- is uot done here. The 
·Ja n· i' allow <1 to tlow in a, con taut str>am, aud tbe gutter in tb steep of the fore­
b artb and it ' projection ar O\ red witiJ li\·e charcoal to pre,ent th e chilling of the 
slag . The lag-pot 11 ed at tb e work are imlicnted by B B'; th rare irul epencleot 
of th ar D', bJ mean of wbi IJ they are wlJeelecl to the lag-IJea.p. 

Tbe quautity of !'pci re, ulting from tl1e smelting of 10,241 toll of ore du ring 
th e year end in n· Jun , 1 0, wa about 20 ton , a ayino· 40 ounce of ih·er to the ton 
and ontaini 11 g !) 0 ounc . of . ih·er; ou · 'qnently the qua 11ti t~· of peiR formed 
amou nt to about 0.2 of l per cent. of th e OI' ' · 

Condensing chamber.- Iu P lat X~ V t be general di po, itiou of the du 't-cham ber 
and it· conne tion witll tbe fnrnace · ar en in per pectiv . In Fig. 3, Plate XIV, 
tbe , am chamber i " eu in llorizontal section, di,·idecl into three parts by mean· of 
partition wa.ll , W', the a-rrow indi cating the circulation of Lbe fume . F ig. 2, Pla!e 
·:x:rv, i a \·ertical section of the a me chamber. Both , ect,ion s are drawn to 'cafe, and 

a g l.m ce at them i nil tbat i ne e ar_y to uncl r tancl it::; construction and it working. 
uout. 150 ton of du t were collected iu thi ciJ~mber in the pac of s ix. month . 

Roasting-furnace. - This furnace i repre entecl in elevation (Fig . 1, Plate X "' IV), 
cbiefiy with a. Yiew of g i\·ing it dimen ion, for itpr ent· uo peculiarity in con truc­
tion. It width (not indica.ted in the I etch) is L f, et. The s ketch bows the RJ' tem 
'of bracing by rail , the hinged en t-iron doors d, and tile tlotted line indicate t be in-

' The municipality of Lrad dllo nscs most of thi · lng to mncndawize tho roads. 
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t ernal eli. po ition of t!Jc furnace. Tbi roa ' ting-furnac i u u at Smelter ~ r r ~l' t-

ing- the chamber-dust preYiou to rc melting-. In t!Je study of m tallurgical 1 roduct 
it ~ill be seen thatiti au expen h·eand u ' ele ' operation, and tlHtti Wl:r ''e ter,on 
tlw contrary, to use it for t!Je roasting- of mattes and -pei . Tbe former, being roa ted 
in heap·, lo e a gn'at deal of t!J eir silYer, aud t!J latter i11 not tr ated in L adYille. 
Tile only point of intere tin t!Je roa ting-furuace of Smelter A i t!J flue , in which 
a good tlea l of tile products \Olatilized during the roa ting i onueu ell; o tllat tui 
furnace i admirably adapted for tile treatment of matte, accretiou and spei · all 
products containing a good deal of ih·er. ~:.' repr eut tile. tack of tue furnac · G 
the damper of tlle stack. The a 11 -pit of the furnace i uot \i ' ible, but i ])lac d at h. 

)lELTER ll. 

Disposition of works. - Tile e work , tllfl large t antl mo t important iu or uear 
Leaclville, are situated in L ead,·ille proper, ou the uortbcru bauk of alifornia gul cll 
and facing the gulcll . vv'itll tlleir 118 men at work in a omewllat limited pac th y 
pre~Sent an unu ual amonut of bu tle aml acti•ity and melt auou t on hundred tons 
of ore in 12 hour, . 

Th e old . lag-henp, p iA.cccl immPdintely in ft'Oilt of th~ furn o s, is b in g •utirc ly 
dug up, in order to be re melted. The e ·lag- were made form erly of ' ingulo- ilicate , 
uut now th slags contain a little more silica, anu are called acid -lags . Th old lao-. 
h ap i placed in clirec communication with the feedin g-floor by means of au inclined 
tramway supported by timber tre tie-work, on which n miu -wagon is run by a wire 
rope wllich winds over a drum plac cl on the feecliug-f:loor. Th e n w slag made at th e 
work are allowed to solidify iu tll e pot ' ; tb yare tlctal:li ed wllile llot, lifted by mean 
of a rr.a ll crane, placetl on a small iron trnck rnnnirw ou a tramway re't iug partly on 
tlle grouuu in front of t!Je 110rk , partly 011 a timb r brido- proj ctiug over the gulch, 
aud being t<1keu to tile entl of the brid o-e are dumped into th e gulch. Tile maiu melt­
ing bui luing at melter B i - 212 feet uy 94 feet The ore-bin are plac ,d 011 tll • fe u ­
ing-flonr within tlli building, where arc al o pia ·eel tile or -bed , ern. lr er Corni 1.1 roll , 
etc. The •:oke-room, at tll back of tbe main builuiug-, is 200 fe t by 20 feet and tile 
·lla rcoal bin · are 150 by 1 feet . Large lleaps of dolomite, 1Jen1atite, ao<l laro· dump 
of low -grade ore fil l up tile open pace at the rear of t!Je work. . Large Fa irbauks 
scales, of a capacity of 20 ton', occupy a detaebecl office at the eutranc' of th e works. 
The office , assay olhce ·,and laboratory occupy a tletaclleu building. Iu the well-fitted 
laboratory, be ides thecurre11t a ays made, the pecific graYity of ·!age> i determined 
from day to clay. The , lag:s are con idered fit to be thro1rn away wbeu their p .cific 
g rad ty i 3.G. 

riue Bal:; er blower , tanclir tg iu a row umler th feeding-floo,r and at tlle back 
of the furnace ' upply tlre bla t. The e, a well a three Blake crnsllers, three et.· of 
' orui ·lr i·oll -,one small puh·erizer, the lag--hoistiug machin , an l tbe pump apply­

ing the tauk ' from wbiell tlle water-jacket ·· are fed , are workell by two eugiues, h . 
by 24 i neu es, of GO llor.-e- po1rer each . Each engiue i connected ~i th two boiler 
4-1 in ·lies by 14 ~ t, work data pre sum of 70 pounds to the sq uare inch . Botll eu ­
g iu es aud boiler~ were manufactured by l\'Ie d ' . Fra er c- Ullalmers. The engine aud 
boiler room~ tand on tlle left of tile works (facing the furnaces ), next to tbe furnaces 
and ou a leYel witll them. 
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PLANT OF SMELTEB. B. 673 

Fu.-naces. - The meltiug plan t con is t of three larg quare furnace , made ot 
brick. Witbth x0eptionoftbewat rj ark t theyar exactly, iruilarin ba (e, tlimen 
sion , a nd cap a i t~- . Tb yare r epre en led in elevation and in ectiou ou P late XX'\~1. 
Therl.\ are be ·id e ix ci rcu la r fmnace , manufae.ture<.l by iUe ' r . I•r n er hal mer , 
of Ol.Jicago. Tb e e furuac a re r epre ·e nted in elc>atiou a nd e0t iou 011 Plate X "' VII. 

A full de cription of b otb the ' quare and the round furuace at tl.Ji m Iter 
l.J a a lr ads be u gi\en at tbe cowmeucem ut of thi , ectiou , to which tbe reauer i 
r fe rred for further detail s ·ouceruing their con truction. Th e capacity of tbe sq uare 
fnru ace i 35 to 40 tou of ore p e r A bour , a ud t!Ja t of t l1 • c ir0nlar Oll e :!0 to 22 
of ore io tll am time. 'I be he<tt radiat d in front of the e uin furllace clo e ly 
pack d in a na rrow pac , i o g reat tha t tb m u ar obli o-ed to ·on tautly water 
the g round iu front of th 111. Th e crucible of l.Joth sq ua re and ron11d fnrua ·e ar mad ' 
of t ep , the mixture pre fe rred at the e work be in o- b,·o p art · of fire-day a nd one part 
of co l\ -dn t. Tl.Je le ngth of run i \ariou , a11d a ,·er age tbrce month -. 

Condens ing chambers. -Tl.Je coude u a t ion of lead fum at ti ,is u eltt>r is of tho 
poor t de 0riptiou. Four furna C(' a re totally \Titl.Jout a ny coodeu ' in g apparatu:;; 
three furnace ar connected with au oblong l.J ee t-ir u box 50 feet lou g , G feet bi h, 
and G fe t wid plac cl on th e D•etlinrr.fioor; and ou furna ·e communicate · with a 
·mnll ch<lmb r !) .foot nb > pl ac <.1 ou th aru floor. Ea l.J clwmbt>r i:s pro\·id ed 

\Y itlt u ·h iuacl qnato arranrremen t the work are 
f sw I; aud lead fum<' an d 'leatliug' 

fot· thi · report, a mo inter ' tiug 
and n dnabl > xp riu1 nt wa, b '~orks with a Yi e '~ to the total con· 
d U!!at i u f I ad fum "· Tbi ex perim u: W;) arrie ion at o-rea t expen e with t he 
e laborat · apparatu ' kuowu as the Bartlett s mok -cat l1 r or filter. Jt wa · ~o ' U ·e ·ful 
anti th · r ' ·ult · u r·h·ed from it arc o iut r tin ~ that tl.Je wh ole d e ' er\e a full d ' rip­
lion. Tit a rran g- m u t adopt d i , ho wn in Fig. 1 Plat' X _ VIIL 'I be tack E of 
011 of tlt • q na r fuma c wa ·onn ct <.1 by mean ' of th • b et-iron flu e F' with a. 

turte,·ant fan B, drawin ,. tl.J • fum e ' from th e furuac aud blowiu · tu em through t ho 
h ' t -irou pip P abou t on bundn•tl and fifty fe t loug wb ere t hey p art d with tb ir 

tlu t, n · in au ordiuary flu . TIJ pipe P i connected by meaus of hro l.J et-irou 
bran ·h pip · P' witl.J two tlti n ·l.J t• t -iruu boxes a a' . Eacl.J bran ~ IJ pip P' i ' pr0\7 ided 
wi tL a damper r ,·a h ·', xa t ly ·imilar to tlto e U ' d in ommoo toYe p ip e' for the 
rt· rruhttion of draft, , o th at the fume. can be di ' t ribute<l ,·euly iu t he boxe or 
· l111 t oft' from on • a od allowed ~ nter only the o1 l.Jer. Each box i for ru ed of t wo 
part , th dn t · l.J tLmb r a a' aml tb fir place . Tl.J o du ·t-0hamber i ' provid d with 
s litlitw door 0 pla eel at eacl.J · tr mity: and tl.J' firt>pla ·o wi tlt d oor d placed in 
!'rout, aud s ue t -ir u pipes L at the b<tck wbi h communicat with a t a k, L'. The 
clmmber a a' ~u· pro,· id d a t th top '''itb ~ apertu res, to ca0h of wlticll i · fa t oed 
a clo t h bag, b, 30 feet hi o-b u pPu I d to tb beam of the lig h t wood en tru cture iu 
'~hiclJ th apparatn i iuclo ed . Thi · building JII i ' lH'OYid ~cl with ,·ery large open­
ill as for ventilation. Wh n tile apparatu is a.t work th fume~, blown iu tl.Jrouglt 
pipe · P P', di tribut tb msel>e iu the du t -cbambet· a a' and a cend th c loth hags, 
through whiclt th y tilt r. The gase come ou t perfect ly colorles aud ar entirely 
clepriv d of any lend dust or ,·en oot.. The wind , oteriug fre I;y througb the ap l" 
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ture pro•icled in the light bnilding, shakes the bags, and the du t witb which th y 
are charged fall into the dn t-cbamber . When a su fficient quanti y of thi dn:st hn. 
accumulated there, tbe door 0 ar opened and a li ght w·ood fir i placed tbrou o- h 
doors din the fire] lace . 'I be oot of tb dn t oon cat be fire, and th du, t whi ·h 
wa quite black, like la mpblack become white; i beeom a! o <len r b tlti p ra­
tion and is more ea il . manipulated. When tlJe m ke ha hu b t1 it k 
sbov 1 c1 out through door · 0. 

During a run of five day 3 030 ponnds of tlJi • caJcin d dn twa 
Bartlett filter from one furuac , but the experiment wa not a ltog th r ati fact r.\' f t' 
the rca on that tbe furnace wa • worked with an op n fee 1-hole a with an 
du t-chamber, and that the Sturte,·ao t fan was drawing a · mu h air a rook 
the damper G of tbe furnace had to be 1 >ft half OJ1CU and about half the m k wa 
lo t. In th cond ition in wbielt the xperiment wa ~ad tbi conld not b a•oid d 
bn t tbi i on ly ·an experim euta l defect impairing i n no way the •aloe of th filt r 
which doe it work to perfection; the writer sti mate a 7 000 pound tiJ qnanbty of 
dust wbicu woultl ha,·e b en caught in fiv da,y ball t-he xperimen be n mad ''ith 
clo ed feed-boleanddamp r,or ayatl,500 ]10und p•rtw uty -fonrhour. Th alcin tl 
dn t ba been a ayed by Dr . .Jf. ''V. lle , a nd fonntl to contain 70 perc ut. of 1 au, n<l 
6 oun of si lv >r to t he ton · so tila.~ wi.til a, furnac of 35 to 40 ton of or capacity per 
tweuty-four !Jour on -half ~1 ton oflead i lo tin the air a " 11 a 4.5 ounces of . ih· r, 
iil twenty-four bom·s. 'rue re ·ultof thi i that the qnantity of lead lo tin lb air i 
greater than thequantityofdn ·t condPn ed in th dust-cbam!Jer · . t ruelter .A., wiJ r 

tbe du t -cbamber a-rrangement i of tlte be t kind 150 ton of <lu · t were collect tl in 
1 2 day , gi,·ing 1,64 pound of dn t p r twenty-four hour. for two furnace wiJo, e 
joint melting capacity in tons of ore i eqnal to that of tl1e furnace conn cted with 
t.be Bartlett. filter. Thi dust a aying ;j5per cent of lead, r~pre ent• 577 pound of 
lead, or a little O\Cr a quarter of a ton. The e are iudee<1 important re::mlt and ar 
worth considering. 

At smelter B, as at roo t ·melter , cbamber-du t i mixed with milk of lime; 
tb e mixture i prea.d over ore-beds and re melted iu thi way. The compo ition of the 
du t caught in the Bartlett filter i extreme! remarkable. It ha been analyzed, ncb 
a. it i previou to calciuing, ami there ·nlt will be found in the tudy of lead fum . 
Aual_y · i XXXVI. 

)IEJ.H.R C. 

Dispositjon of works.-Tbe,e work , like all the other smelters sitnated in ct li ­
foruia "'nl ch, a re erectetl on the outbern !-i lope of the north ern bank of t he g ul ch, tb 
gentle lope of tbi bill fa\'Oring in g ula rly the construction of similar e ·tabli ·hrnent . 
A g lu.nce at the vertical section through the e work (Fio-. 2, Plate XXXI ) will how 
~heir genera l disposition. A dee11 cutting, 1£ y z, in the bauk is the only one neellt-d 
for th e r ction of the furnace Band du t-chamber D'. In front of the furnace and 
extending om little ui ·tance is the lao--heap X upon which are een piles of bullion 
in ba,rs, A, ready for bipment. At the fooL of th e lag heaps run s the lower road of 
California gulch . The furnace B i conn cted l>y mea ns of the sheet-iron fl.uej with 
the lu ' t-ehamber D'. Tl.l e water-jacl\ets of the furnace are "upplied with water from 
t.he ma in \Yater-p ipe m, connected with the tank D, placed on the feetliug-floor Y Z, and 
con. tantly filled wi.th water bj means of pumps worked by mach in ery. The sbeet- irou 
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tack 1!', commu nicati ng by a fine D", with the tln,t-chamber D' carrie off the 
moke. On the feeding-floor, amlin clo e pro xi m i I y wit iJ the feed-holes of the furnaces, 

ar d isposetl th ' fu el and ol<l slag used as fin ', as well a the mixture of ore, dolo­
mite, antl hematite enrerin g into tb compo ition of smelting charges. On the portion 
Z Y' of the feeding floor are een tbe ern her Gaud the orc·b~tL H, on the top of 
'' bicb are placed b t ick of fin -du t a nd lime, specially moldetl in this form previou · to 
remelting with the ore. Totherigbt and leftoftheore-bedsarerow ofore -bio, np­
pli d from th wagon-road, R . The ,calc , E, placed on th e feeding -floor, are nse<l for 
weio·hinCY the different element of the smeltino- charge , pecial ore and fluxes whicll 
arc cia ified and distribnted rigut and left on ea ·b · id e of the e cal . The portion of 
the \\-ork placed betwt' ll Y and Y' i inclo etl iu <"t li ght t imber con truction, V, pro­
tecting the workman, the plant, and the work again train, wind, and cold. 1 

1 r pre en t ' a second row of ore-bin u ppl ietl from t!Je wagon-road The e 
bin are mad of light timb r; they ar opeu tl iu d for the remo>al of the ore, which 
i wheeled to the ern her in th wooden ore· barrow P. 'The bin, are upplied from 
tb c ore-wagon ,1[ through the ape1 tore d', which can be clo ed bJ hiog d wooden 
door . J i the third row of ore-bios exactly imilar to tlw preceding. On road Tis 
la.itl a rai lroad track, a itliog of the Denver anti Rio Grande Railway. N, represents 
a • r. In K i' a, fourth row fore-bin , imilar to tho e previon ly tle cribed, and at U 
a wa<Yon -road ]lace 1 in direct c rnmunica,tion with the upp r I nl eli trict road. At 
tb ext r m wi og ' f tb row of bin K are to be een huge fuel- bin for both coke 
and ·hnr ·oal. L r pre ent a b ap of charcoal placed on the upper le>el of the work ; 
on thi ' I v l ar al o or -dump and heap of dolomite and hematite. Inclined ways 
run t!Jrou It tb row of or -b in onnectinCY the tliffer nt l ,·el ~which allow the wheel­

flux , and fu I. The harcoal-bai·ro"- mad of t!Jin sb et iron, are 
in g n ral u in the camp, hold abont eigh t bu hels 
onnect <l with the furnace. floor by means of a flight 

t p pla d ont it! tb main bnilding, and al o by zig-za..,. inclined ways for the 
wh lin"' np of old :;;]a..,. to be. r m !ted. 

tandin g on th • sfa<T- h np and facino· th furua , but not ·hown in the ketch, 
are, ou th I rt, the. eal npon which the hal's of bnllion ar weighed, and on tbe right, 
th b il r no-iu , an I IJla t-appfbratus room . Fal'tber on the right ta.ud the bet! 
in \\' hi ·b fin -du t : mixed with lim e molded into brick, , and des iccated on drier 
:'lrtifi 'ia l! J h itt d . 

Tbe offices, taft' apartment., a ay offi e', and laboratory occupy a detach d 
onildinrr sitnat d a bort.di tan e from th work and on a I vel with the lower road 
of 'alif'ornia (Tnlch. mall offic , prO\ id ed with large Fairbank calc , is placed 
at the ntntnc of the \\·orli: at on of tb, upper branch road . Th o a sa~· office ' nod 
labonLtor.v ar' well fitt d np. Tbe 111nffl.e fnmace aorl crncibl furnace ar eparatc. 
In tllo a as of ore and ·larr for l ad, iroH rod are n,lway in erted in tbe crucibl e. 
Exp rim nts on tb fu , il>ility of mixtnre, of ores and fluxe a,re al o made. 'The 
as ay for si lica are a lway vapomted in order to obtain the p ercenta ge both of 
rr, og u and of olnble ilica. 
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Furnaces.- m Iter 0 ha tbre furnace ~ of qual dimeo ion aud capa iti 
structed on the phw of Me r . K eye c reut' ' patent. t tb ilne tbi ' 
wa made, however, ouly two furuace were runuin g, a ud all that ha b en 
will be aid of thi melter r fer · to th work tlon b.Y t b tw furua · . 

Th ey may be con idered tho mo<l 1 fnruace. · of Lead \"ill , bo h a r o-nrd appear­
ance an<l working qualitie , aud will th r for be de ribed iu cou i<l ra ble d ta il. 
One of them i~ represeuted on Plate r I , in le \7 ation ( • ig.1 ), tran >-I" and longi ­
tudinal seetiou (Fig· . "' and 3). The eru ibl A of tbi fu rnace differ entia ll - from 
nearly all the oth er · u. ed in Lead>ille in th;tt tb lead.well L do not proj tout-
ideof the cnwible fram e. but toget h r with th e rucibl ' ,is confined witL.iu th fram 

form ed by the l.Jeartb·plate ·. o- lan e at tl.Ji ·· furnaee nod at any of tl.J e t il r · with 
exceptiou of th e furu ·•ce . bown iu Plate X "'XII, will hO\Y th dif:l' r nee. nother 
pe uliarity i that I au i not lad led out of the 1 acJ.well a at otl.J r mt>lter bnt a, 
tap l.Jole, z' i mad iu it clay linino·, ancl th .lmllion i drawn periodically iuto til 
cu · t- irou lea<l pot '1'' , rnouute<l on a ruall e<Pt-iron · to'' in which a low fir i pl c tl 
in or<lcr to keep the bullion molteu. The ch imney f of thi · toY, commu ni ate 
und er ground with t!Je du · t-cl.Jamber. 'I he advantage of t hi , eli po iti 11 i twof ld : 
the lead -well may r emain cou ·tautly co,-er d a u<l its bulli n b k p at a hi ,...h t m· 
peratnr , thu · a i tiu <Y the dearin~ of the iphon when tlli • i n ce ary. O n th 
otl.Jer ha nd the bullion accumulating in the l ead-pot' b in(Y' k )Jt molten a u b lad! tl 
rapidly into th e mold , and the bar thn obtained are of a good hape and uniform 
compo ition. Th eutire heartll r e t on a bed-plate of boiler-iron, with an anul -iron 
rim which iuclo e the ba e of th heart!J -wall or linin g of the cm ibh. The wall 
X are entirely of fire-bri,.,.k, but the dam of the crucibl A" i ' prot ct tl by tamping 
or pre, e<.l fire-clay, a · are the 'iphon L ' and th · lead -well L. 'Ih bottom of the 
crucible is formed by an ill\·erted fire-brick arch, with quartz-bra que b eneath, epa­
ratin o· it from the bed. plate. 

The hearth i inclo ed on the id by four ca t· it·on plat ·, a, ach 1 in 11 tllid: 
of wl.Jich the front and back one have each 2·incll flange lapping over th end of tbe 
siue plate . These plates are firmly llcltl togeth r or inclo ' ed by three row of bar· 
or rails, Q' , which are fastene<l at eacll ·orner by wrought-iro n rin o- p . The to]J of 
tbe hearth is al o c vere<l by iron plate , d. Tv tl.Je front heat· t h-plate i crewed a nd 
bolted the lag- gutter or ·pont U, a nd to tu e id e pl ate th lead-gutter, U', lea diu g 
from the lea<l-tap z. 

'l'he e are the ouly fu m ace in wllich the fore-hearth doe 110t project out ide of 
the frame of the bec..rth. The crucible, though con tructed on the ·arne gen ral priu­
eiple a tho.se of other furnaces in L eadville, differ e eutially in th e arrangem ent of 
detai l ·. ' 

The water-jacket are tlllrteeu in number, one in front, two at the back, an<l fh7 e on 
each ide. They are crewe<l together anil wedged at q, and brace<l by tie-ro<l ' ; the tic­
rods nuder he hot-wate r outlets S are not indicated on the drawing. Tile front water­
jaeket doe not xtend down to the llNW.'th·plate, but re t ·on a fire -brick wall, in th 
middle of whicl.J i a mall water-cool ed cinder-bloch: inclo iug the lag-hole (see Fig. 
2), in tead of tl.Je ordinary tymp-stou shown in Fig. 1, Plate XXXIII. 

The wa~erjackets are otberwi e irn ila.r iu constructiou an d appeantnce to those 
alrea.uy de cribed . Cold water i brongllt by th pipe JJf, and pas es tl.Jrough ·bort 
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inlet pip s into the water-ff\eder R of each jacket. The heated watf\r pas es out 
throngh th outlet pipe S into the gutter .T (wrongly indicated a T' in Fig . 3 and 5). 
Tl.Je tuyer -bole n are placed at the junction of the water-jacket . 

l !J haft of th furnac from the wa te r-j acl; et np to near the top of thefi e<l-bole 
i lined with fire -brick. There t of the ma~011ry wall 0' arc mau of common brick a nd 
re t ou a ca t-iron carrier-plate, 0 which in turn rest freely upon iron girders G', three 
on ea ·h id e of th e flllnace which nrc firm ly screwed and bolted to tbe capital of tb e 
hollow ca · t -iron upporting pillars P. The plate 0 is in no way fa tened to tbe girder', 
o that it xpan ion and contraction are au olutely free . The ob,iou ad,antao·e of 

tbi arrangemeut i to render the ma onry ab ·olntely iud pE'ntlent of the pillar o 
that both keep their relative poRition unaltered b:y any la tera l motion of the main 
up port. Wh n th main en t -iron , npport i · fi xed to th pill ar , a i · theca in mo t 

furnaces, the pillar are not unfrequeutl:y cracked by th irre i t ible tl ilation of the 
ma in npport. pon the ea t-iron plate 0, au outer wall N', extemliu o- np to the ·haro·. 
ing-floor, i bni lt of common br ici' . It i ,tron ly b raced by fiT row of rai l , Q, 
inclo ing flat \erti al iron e and corn r iron e. It i ~aiel that b,\ the u e of th outer 
wa ll , which natural ly protect t he hotter ·part~ of the fumace again text rna! radia­
tion a aving of 15 p r cent. of fuel i effected · o that it mu t be con idered a au 
imp rta n t pnr f th • fnrna e. Each i l , wall of tbe furnace i · proYid ll witll two 
f d -bol JI; bnt wbil in mo t furnace the hole arc plar cl in the middle of the 
wall nod ar dire tl~· oppo it ea h orb r h r th ey are placed to th left of tb midd le 
on itb r i'<icl and tlln ar uot clir ct ly oppo itc. Th i arrang ment i nece, itat>d 
bv the larg dimen ion of th furna es a nd enable th feeder to distribute properly 
th ·bar o- withou t !'fort . Th e feed -hol e ar pro,idecl a n ual with li<lin o- be t­
ir n do ,._ ' and ba,- ·a ' t-iron do r -frame . Th chimn ey D i braced at Q, and pro­
Yid ecl \l'itb oro r· iron e. I i ' c nn e ted with tb llust-<;:ba mber· by mean of the 
lnrg sb • t-iron flue F', whi ·b fits into a circular bril'k ritw in the ftuna wa ll " ·!Jere 
it i.' b I l in pi a by a ngl -iron ring . The llnmp r G l.Ja ri,·eted to it on it lower 
f~tc an angl iron rim \Yhi ch re t in groo ,· •, fill •tl witlt ant! iu tb top of the fnruace 
wall tbu proddin g- againRt :wy escap of fume wb u it i clo, d . 

Th arrang m 11 f r ,-enti la tin o- or carrying off the ~ moke of the ta] -hole an<l 
. la o-s differ in tbes wo1·k, from that ordinari ly ad ptcd. In t ad of the hood Wand. 
chimn ey W' in fr n t of ach furna e (a, ha , been by rui:':k'1k indica ted in tb el ,,.a. 
ti n, Fio·. 2, P lat X:S:::S::I), th wb le front p ::nt of t he buildin g iu which the furnaces 
tancl is made on bi n- himn :y uy a partition wall extending tbe ll'n gth of the unildiug, 

runoin up fr m tb cbargino--tloor ou Lb l ine of th fr,ont of the furnace, aml Ianting a 
1ittl ba ·kward o a t rea h t h middl of th ventil a.tor at the ridge of th e roof antl 
"· h r tb top of tb e fnrnac project abo' · it. Excellent ventilation i ' accompli · !J e<l 
by thi .., imple m t ltod . . 

Barring-down.-'Ih ba n ing-dow n of the fu rn ace~ is effectl•d in th following 
mann r: To tb npper ud of the long, hi el -point d hat (F ig. 7 P late XLIV') i fn t-
n >d a loo n- au rl s-trong- rop ; t he uar i then introd uced throngll one of t heft> cl -hol, ' 

int t he fu rnnce, and th chi 1 point i forcetl by biOIY of a ledge-ha nune t· lletwce n 
wall nnd accretiouR. The rope i · t h n thrown aero t ho ftll'n ac to th e oth 'r feetl­
lJOle, aud five or ix men p nll at t ll e rop<'; ,·oln minon · ma e of accretions are often 
detached in th i man ner a ml nr lt> ft in til fum uco, wh re they a r nb eqncntly 
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fluxed uown without eriou toppino· 0\1" . float 
on the 1 ad bath, remaining con tautl.r a tb arne le\el, xpo ed to tl.t oxidizing influ­
ence of the blast a.nd to the ulphnriziug influence of mattes a,ncl unr due d ulphur t · 
they tbu rather a ist than hinder th compl tion and p rfection of m lting antl vet· · 
soon disapp ar, being fluxed down in this way. 

Sampling of bullion.-The chi el u d to d tach piece of bullion from aclt bar at 
smelter C i repre nted in Fig. 14, Plate XLIV. It i a hollow ouical clti 1 or 
]JUnclJ, pro,iued witb two apertures, a and Q. Sampl of lead or a a bit~ (Fi n-. J5 
Plate XLIV) are obtained from the top and bottom of ea h bar by bamm rio · the 
ch isel perpcudicularl, to tbe bar. The puuch being uriv o b • tll bamm r into th 
surfa(je oftb 'bar, the c;ylinder oflead i forceJ. in at band out tbrouo-h a b ing d tached 
by triking the butt.end of the punch. 

Slags. - .A unifo rm treatment of lags ba been adopt cl at m Iter , whicb pn' -
eut two advantage . The lao· i left in tbe pot until a oliu ru t a boot two in ·ll · 

tbick i formed on tbe sic1e and urfa e of the rna . The npp r rn t i ' pierc d by 
two bole , the lag ·JlOt i rever eel on th e "lope of the lag.heap and it ltlolteu on· 
tent ponred out. The thin hell of lag thn obtained ar broken up and k ·r t for 
smelting. It will be een iu the a say of la o- tha t th e i ie bell i a littl ri llh r in 
ilver than the portion of th e lag poured ou t ; but th a t tlJe upper cru t i poorer in 

sil\7 r tban either the poured out portion or the ide bell, o tha t thi portion of the 
slag might be thrown away a u ele . 

Barsofbullion.- At melterCthebar ofbnllion w ighal.>outninet ·· eiglltpouuu 
They ha,ve the bape and climen ion iudicated in Fig . 3 and 4, Pla te XLV:. 

Length of run.-Tbe average leugth of ron of the admirabl e furna above d 
scribed i 12 month , and run of even 13 montlJ ba\e been obtained. TL r ruarka­
ble length of the e campaign i due not only to the mechanical perf ction of ·th 
apparatu , ·but al o to tb great care be towed upon every detail of the melting op ra· 
tions. 

Dust-chambers. -The dust-chambers are built of small block of lime ton (L ad· 
ville dolomite), cemented hy a, mortar of sand aud lime. They were constru ted .t t a 
time when lirue tone was le ex pensive than bricks. They fqrm a parall lopip die 
cou truction 75 fe t long, 15 feet high, and 25 feet wide, with wall about one foot 
tbick, aud are placed immediately below the t ecliug.floor at the rear of the furuace. 
In Plate XXX are een the 'ertical ection (Fig. 1) and the horizontal sections (Fia. 
2) of the e cballlbers. Fig . b, c, d, e j, g repre ·ent el ntion of the partition wall 
W', lJowing the di po ition of the apertures a through which the fume. circulate. .At 
tlJe time tbi report wa made the chambers wore connected with only two fumaces, 
although tbeJ are con trncted to conc1en e the fumes from three; tbi explaiu. the 
un qual allowance of cooden ing space provided for each furnace. The fir t fnrnace 
is connected wit h a chamber didded into two ection , A and B, by a wall , IV', provided 
with an aperture, a (see al o Fig. g); tlte fumes euter the chamber at F' and reach the 
sbeet.iron tacir tbrough 0". The econd furnace is connected by the flue F" with the 
chamber, diddeu into sections 0, D, E, G. The fumes circulate alteruately up and down 
and from ri ·ltt to lert, until t hey reach the flue 0', which take them to the 'tack P. 

The whole arrangement is far frolll perfect, but the fumes are made to strike 
wall , and tbi · ·eem to be one of the couditions es entia.! to depri~re them of t heir dust. 
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Tl.J • ligl.Jt 1' portiou of tile fume· are canied away in to the air a ud fa ll ba k o ca ion ­
ally on t h roof of t he l.Hlildin o-, wilich i. co,-erecl with au impalpable ·y llowi Il-wilite 
<lu ~t . In each ection of the cha rub rs is a door for t he extraction of tb e clu t, which 
i moi t netl with water uefore being wheeled away. 

Treatment of flue-dust.- F rom four to five tons of flue-dust are collected weeld in 
tht• cba mb r ju · t d cribed. The du t i mixed wi t h mill\ of lim and molded into 
uri k iu t h mold repre ·eu ted in Fio- . 9 and 10, Plate XLI , which ar a ! o u ed for 

orum ou b1·ick . Tb bri ·k. tltu obta ined are then dri ed under a Iled aud after· 
~rnn1 ou drie ; t lt yare tb eu laid on the ore-bed aud re melted. 

One of the e brick wa:;; examined to d termin e tile actuctl quantity of lime \Yitlt 
whi ·b they are mixeu . Tht·ir content in lime a nd magnesia are : Lime, 6.9 per e ut.; 
magne., ia 5.1 per ce nt. , or 12 per cent. in all; bat the original du ·t contained already 
4 per cent. of a mixture of lim and mague ia, lea,·ing per cent. for tile lime aucl 
mao·nesia. thu introduced. 

Treatment of mattes and accretions.-l\iatte and accr t ion are placed in heap in 
alt m ato lay r ' ,·vi t l.t wood and thu lo\'l'ly roa ted by low combu tion · bat it will 
b e n iu the ·tudy of mntte a.ntl accretion that thi i a ' ry imperfect mode of 
t r at me nt, by which a great d al of si ln•r is lo t. Sp is is k ept separate from otiler 
pr du ·t - at 111 It •r , bn i not tr a t d. It will b een in the analytical tucly on 
~ p > i ~ tha thi • a well a all t b otber p i , at the amp contains a mall quantity of 
molybdenum wlti hi ntir l.v one ntrat d til re. 

Steam-power.-Tb boiler i WOI'ked at a pre ure of 60 pound to tb square iucb , 
and th Clwin i ' of ,JO bor ' ·-po,Ye r. The machinery driven by thi engin e con ists of 
two No. o~ 13a k r blowor ' , thr e Blak ern hers, and the pump feeding tb water 
tank . 

Th • b la t al'l·ang m n t adopted at tb i melter i ' tile on cho eu for t h genera l 
ll t• c i ,. t iou at th omm n emeu t of t hi ection, to which tbe read r i r terred . The 
11 rmal pr' ' ur u~cd is iglt -eighth to nin -eiobth in il of mercury . It will be eu 
iu tb di ·cu i u of the bla ·t furnace tha t t h w igbt of atmospheric air needed to 

altitnd 

t oudition i ~ abou four-fifths thew ight of tbe m ltiu o· cha,rg ; 
, u that t il e volum e of bla ' t in Lead dlle i · much gr ater tban at lower 

me Iter , witb two furua e , melt ' from 0 to 100 to11 s of ore per 24 hour . 

~mLTEn D. 

rn lt 1' D i a nea a n 1 com pact li ttle m Iter ituatcd on the northern bank of 
alifornia g ul ch, aucl o lik til . imila l'ly ituated ·melter ju t d e ·ribed , iu it.., gen­
ral armng m nt that i t tle·cription will uot be g i,·en in detail. Tb pr ·ure of 
team iu th boil r i 65 ponnd to tb qnar inch; tb y upply a40 horse-pow r 

engin , \Vbioll tlrive two o. 5 Baker blow rs, 1 B lake cru her, one ·et of Oorn i~h rolls, 
and t he pump • feeding tilo water-tank, wbi ·b nppli til water -j ackets of t iYO fur ­
na es. 'l'h diarnet r of tile pipe upplyiug bot h i' 2i iucb . The pre · ur of bla t 
u eel at tl.ti melter i - til low t in the camp and a>erage f rom fom-ei rr l.Jtb to ix­
eightll inch of m rcnry. 

Furnaces.-Tbe two furnaces u ed at this melt r, aml wilioll are equal in dimen­
sions uud capacity, ar repre nted iu eleYation (] ig . 1) and in n :lrtica.l section (Fig. 2, 
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Pla,tc XXXII), and ar connected with the clu t-cbamb r repre, nted in Fi a . 4. 
lougituclinal or sid e elevation of th e fum ace, IJown in front el a.tion in Fi ·. 1, i eeu 
iu Fig. 3. 'fbe heat'th A is Yery imilar to tba.t of the furnace at m Iter , already 
de cribed · it i lined with fire- brick, and tiJe iphon -tap Li coo fin c1 within tb b artb­
plates; uut here the bullion i ladled out dire t from th e iphon -tHp. 'fb b arth­
plates are braced by one row of brace , Q'. The hearth i also c ufiu c1 witbiu tb 
hearth-plate , a ·1nt- tu e case at melter 0, aud doe not proj <:tout, a in otlt r fur ­
naces. The water-jacket Bare made of ri,·et d teel boil r-plat nod ar braced b.) 
ti e-rod Q. There a r ~ only four jacket : one in frout one at back, and one large on 
on each ide. 'rue circulation of wat r in the jacket i imilar to tb one adopt tl 
with ca t-irou jack .t ; the wat r i introduced by mean of the pip 11.1, a.ud the bot 
"'ater come out at the opeu outlet R, prodded with out let-pip<' . The back wat r­
jacket is pro,ided with two t uyere-hol , which are not n Ll, and the itl jacket with 
four hole, iu eacll of which a tuy re i placed; o that ach furna e i work d with 
ight tuye.re . 

'fbe pillars P do notre ton the aroun<l , as i the ca e with all the furnac thu 
far de cribeu, but on the lining of the ct·ucibl . Another p cnliarit.)· i that ther are 
ix of the e pillar , in tead of four a in mo t furnace . The capital are upported 

011 the pillars by m nn of hrn lwt t. The wnin cnst-irou plat supp rt i ·of uuu ual 
tbi kne · , being fonr inches thick. 'l'ue u e of a plate of uch nun ual climeu ion 
i n ce ita ted by the fact tl.lat the ma ·oury doe notre t dir ctly on the pillar , a in 
other furnace . . 

The rna. onrJ' con i ts of fire-brick. , a u ual, but i entirely surround tl by a. 
wrought iron jack t, J'. At tl.le I hroat there ar two fe d-hole H. provided with lid­
ing door 

Dust-chamber.-The ·beet iron tack of each furnace, which i a prolongatiou of 
the ja<:ket i connected by mean. of tb flue F' F'' witll the beet-iron du t-chamb r, 
formed of a cylindrical portion D' aud a conical portion D". The fume e cape tbrough 
the sheet-iron taclr. The du- t i withdrawn from thi cbamber hy means of ·liding 
val\e , and fall from the aperture Z into a wheelbarrow, Y. At melter D flue-du t 
i not mixed with lime, a at mo t melt rs, nor , pread OYer or -l>eus or mixt.d with 
melting charge ; it ( simply moi tened with water aud thrown in the furnace in tbe 

proportion of one bovelful to e\ery t\<;O smelting charge . rrue melting capacity of 
each furnace i · 24 ton of ore per 24 hours, r one ton per hour. The pre sure in 
bla t-pipe R' i regul ated by a damper I laced at its extremity. 'rhe I ngth of run at 
this smelter i about two month . 

Disposition of works.- 'fbe e work , itua.ted on Big Evans gulch, are~ like a ll the 
smelters erected on tbi gulch, di,ided into two le,·els on ly. Tbi smelter i small, but 
well managed, and i one of the most ucce ful of it ize. 'fbe pres nre of the steam 
iu the boiler is 70 pound to the quare inclJ j tb r upply a 40 horse-power engiue, 
which drive two Baker blower , a set of Ooruish rol!ls, two Blake cru IJer , ancl the 
pump feeding tl.le water-tanks. -The ore and fuel bins are inclosed in the main uui ld­
ing, through which run · a wagon -road, and fuel re erve are placed at the back, out-

icl of the works. The offir-e. , proYided with Fairbanks scales, and tbP laboratory are 
silnated in a detac:hed uuilding a, sl.Jor- t distance back of the ma,i u bni lding. 
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Furnaces.-Th smelting capaci ty of th ese work i, 40 to 50 tons of ore perU 
boor . Sm lting i carried on in two bla t furnAces of un eq ual capacity, constructed 
by Me r . Fra er Chalmer , of Chicago. The small furn:we i ci1 cular and jacket d 
a11 over. It m·eltiug capacity i 15 ton of ore per 24 hou r . Th e crucible is lin ed 
wi th te<'p ma.deof two part ' fir -clay aud one pa r t coke flu t. The dista nce between 
tny re an u fe d-lJOie i 10 feet!) in ches. The depth of t he crucible i , 38 in ches. The 
dia m ter of t b riv ted wrougllt-.iron-pl::tte water-jacket i 36 iDche . Tbi jack t i 
l"iugle. Th e fur nace is worked "·ith fi ,-e t uyere , ea<.:b 2t incbe in diameter at the 
nozzle. Th ln ·erage pre sure of bla~t n eel at melter E i one inch of mercury. Th e 
large furnace pre ents the same general appearance as be mall one, and i jacketed 
all over · but it i ellipti cal in ection the axe at the teed -hole bein g· 69 inche an d 54 
inch re pecth·ely, and the axe of the .nveted wrough t-iron- pl ate water-jackets 52 
iu be au u 34 iuchc . Th water-jack t is maue in four ections. Tb fu rnace i 
work u with even t nyere 2;t in cbe diameter a the nozzl . The depth of the crucible 
i tb ame a t ha t of the mall furo ac , namely, 28 inch s aod it is lin ed with th am 
kind of te p. The furnace ha• e proje ting fore hearths a.ud lea d siphon-tap , and 
ar con tructed on iden t ica lly the am principles a t he circular furnace at ·melter 
B, mad by t he arne firm. Tho furn ace are barred out e • ery four day anu the 
len«l b f run i abont t hr moHth s. 

)fEL1 F.H F. 

Disposition of works.- melter F i t iJ mod I , m Iter of Big Eva u gulch. Th e 
meltinrr bt1i ldin rr i a,paciou nnd well eli tribntc<l, a nd C\ erythiog iu the con t rnc tion 

of d ta ik of p lant in li ate xten i,·e previou xp ri n c i n mel tin g a nd no sma ll 
amount of forethough t . Lik all th melt r in Bio· En:1.11 rrulch melter F i di1·id eu 
into two le>el . Th boi l r engi ne, nncl bla t ro m a r pl aceu on the left of the fnr­
na room (facino· t h furn a ) and on a lev l with them . Th er are two fine boil er ·, 
wOI'k <1 at a pt' I?.S ur<' of 6- po und to tiJ , quar in ch, aucl the cug iD i of 50 horse­
pOIYer. Tb ma ltin ery driwn by tiJL engiu coo i ti" of t wo Bak r blow rs, tw o 
Blak rn , her><, a rmtll g riliCl ing-mill, and t.h pump f edin g th water -tank. The 
ys teru of blast-pipe i ideuti ca l with tb one n eel at. m Iter C. It 1::: provided wi th 

, af ty- , ·alve. a mi damper , a nd the ex.c R of bla t i <.'jectcd by mea n of n damp r 
plac tl at th e extr rue end of th e main pip . vera! row of ore-bins and fuel-bin s 
ar pl aced on tll e f din g fl or' oft be main buildirw, nud resene of f twl taud at th o 
back and outside the 11 0rl; ·. A broad wagon-road ruo throug-h the entire 1 ng th 
of tbe work . 'l'he office occupy a c1 tached bt11lding pl<~ced near th e entra nce of the 
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works. The Fairba11k scale are placed immedia.t ly at tb entrance f tbe main 
building and n.re coon ctecl with a -roaU office. Tbe laboratory occupie a detached 
construction di tinct froUJ the offices. 

Furnaces.-Tbere arc two blast furuace , of equa l ba.pe, climen ion , nnd ·apa lty . 
TllC capacity of eacb furnace is 30 ton of OL'e per 24 bour . Fig 1, Plate HI, 
r prcseuts tbe front elevation of one of these furnaces. Th yare quare ( by 7 feet 
outside measurement at feeding · door, and 5 by 5 feet inside mea tu· went f crneibl ), 
a.ud their JJla onry is entire-ly made of brick , bra.ced at Q. Th y ar pro,·icl d witb two 
feed-holes H, opened or do ed by means of sliding door S'. The ma oury re t on 
a main cast-iron plate, 0, supported on four cast-iron-pillars, P. The pace b b twe n 
tbe masonry and the water-jackets is filled with fire-brick. 

The water-jackets, wbich are entirely made of ca t iron, are imilarly di ' po d 
in every re pect to those of the arne kind previousls de cribed. They con ' i t of ou 
jacket in front, oqe at tbe back, and two on each ide. ']'hey are pro~ided with fed r , 
outlet·.J:;ipe , and supply-pip s. Tl.le fire-brick br a t V, placed b tween th Learth 
aud frontjacket, is een in this furnace, aud con·e ·pood ' to a imilar anano·eru nt in 
all square furnaces iu which the water-jacket are entirely made of cast iron . Tbe 
\Tater-jackets are provided wi t ll even tuyere-holes, tl.Jree on eacll si<.le and Ol.! at tl.J 
back, and the furnace is worked wi t l.J s .,·en tuyE>re ··. 

Patent tuyeres.-Fig. 1 Plate XXXII I, wa , pecially drawn to bow the , y-tE'm 
of tuyeres at thi metter, wbieh difi'er in eYery re pect from the tl.Jin beet- iron gal­
nlniz d tuyere iu general use in the camp. 'l'he tuyere. were pateute<.l Decemb r 6, 
1875, by lr. Augu t Weruer. They are made of ca t irou, tbree fourth of au iuclt 
thick, and their internal diameter i 2~ inches. They are divid d into two part , the 
uozzle N, an<.l the lbow N'. Both the nozzle a-nd the elbow are ftanged at 1·, the 
flanges being facPd o a to fit clo ·ely and allow no e cape of blast. Tl.!e nozzle and 
elbow are llinged at cl, and to t he noz:tile are fixed three small chain , c, hook d to tbe 
water-jacket . By means of these the direction of the tuyere can be changed at will 
so a to end the blast up and down or right aod left. At tbi end tb uozzle termi­
llate in a wrough t-irou pllericalr iug or ball, wl.Jich works freely in <.t ·ocket of the a me 
metal, we<.lged in the tuyere-hole of the water-jack t. In other words, the tuyere n·orks 
in a ball-a.nd.- ocket joint. To stop th\~ bla t in any point of the fnrnac or to observe 
what is going on there, the elbow is liftetl , as indicated. in Fig. l. The tu. ere are con­
nect ed, as usual, with the blast-pipes by means of canvas wind-bags K. Wl.Jen the 
bla. t i turned off for t be purpose of barring down the accretions of 1 he furnace or 
clearing tile hearth of accretion , a piece of paper is inserted between the fl ange· 1·, aud 
should back flow of gase exert any pre sure in the fumace the piece of paper would 
bur ·t, tl.Je elbo w of tl.Je tuyer~ be li fted, and tl.Je tuyere would tbus act a a afety­
-..·al\' . But tl.Ji accident, o far a known, has uever occurred in Leadvi ll e. 

Tbe normal pressure of bla ··t used at thee works i seven-eightb of a,u in ch 
ml' r.cur,v . 'l'be crucible of the furnace is provided witll a projecting fore:heartlt and 
h:atl ipbon·tap and i ·· l ined with fire.brick. 

Dust-chambers. -Tbe apparatus devised for the conden ation of lead fume · a,t 
. mclter F i the most elaborate of its kind used in Lead vill e, and i certaiuly tlie mo t 
dlieieut. Each furnace is connected with a separate condenser, plnce'l abo'e t be 
fi.'t>diu g floor, an<l i identi cal with tl.Jc one lwwn i11 ·itl o and fron t cJe ,~ atio n , Plate 
.... rx.xtv. 
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'Il.J e cl.J imney of the furuace A j ~ connected by meau of t he angular heet- irou 
flu F' F", which proj cts above the roof V of tbe building, with t he lozenge- haped 

heet-irou chamber 111. 'L'l.Je fumes s trike against the beet-iron aprou I, hin ged to the 
upper par t of the cbamber, wbich ma.y be a! o u ed to regulate the draft by mean of 
a chaiu which p a es througb t !J e wall of t he chamber. After I a,-ing the cha mber ~f, 
Fig. 1, the fume circulate th rough the beet-iron flue 0 , and theu e ca pe through the 
sheet-irou stack F. 

In clo proximity to the wall of t!Je furnace, the flue F' i · pro•ided with a 
·l.J et-iron branch, 0, throu gh which the flu e-du t fall iuto tb wooden box B, from 
which it is extracted at th e door d. F lue F', F" are pro,-ided wit!J lidio g door , uot 
seen in the k tch, for cleariu g them of their dust. The cha mb r .iJf ha al o a large 
~l i d in g door D. Thi. cha mb r, a well a the bori zontal flue 0 and t he tack F, are 
clear d of th ir du t th rough the branche 0, p rovided wit.h slidin g valve t. Tl11:~ 

principle of a ·cendiog flue is iu it elf excellent, and the moke w!Jich com ou t at 
tl1' tack is rema rkably free from lead fume . ~bout ten ton of flue-du t i collected 
monthly in each of the e chamber - J_'b e rlu t is mixed with milk of lime the mixture 
spread o,- r ore· bed , and th n resm ltecl. 

Smelter F is tlle only one in Lead ville where a li ttle metallic iron (old borse­
ho ) is added to t he usua l smelt.ing charge when t hey contain more than a certain 

f "'a! na. Tb ·meltin"' campaign have au a ' rage length of nine week . 
ar pr vi<.! d a ' u ' ua l wi h large hoods in fro nt above the lag-gutter'. 

MELTIW G. 

D isposition of works.- This important melt r i i tuat d on t!Je northern bau k of 
;lli foroia gnlcb, and lik all th melter ituated on t!Ji ' g ulch , is di,-idctl in to e,-eral 

I >vel' comm uni cating with t ll e npp r and lower road . One of t!Je main C ature at 
tb ' e work i ' th <Lt tiJe fu I torag which i placed at the back of the work ' , i nearl 
on a l \- 1 wit!J th upp r part of t it tack of th fu rn ac aml is conuecte<.l wtth the 
fnrua ·e by au 1 vat d tr stl -work hav in g t "-o branch , th one lead ing to the 
fu rn a · s , lJ otb r to tb b il r-room. 'l'l.Jc fu l i ' t ran ported in light lleet-iron 
miu car', running ou a ligb t iron tramwa- and dumped in to chute adjoini1~o· t h13 
:C d -bole of th fu,rmtee' and the boiler. In t h boiler-room a saving of ·50 per cent. 
of t !J wood burn d i , ff >cted by u in g the creeuing~ of the fuel, which a.re u nally 
"·n, t d. g e at aviug of labor al ' o re>;nlt , ince two fu I men are ufficient to up­
ply all tb fuel Il l'' d d. In priucipl t!Ji ' arraug meu t i. imila,r to the one adopted 
:Jt mc>l t r . Tb cba,rcoal sh d · baYo au area of 30 hy 325 feet aud 35 by 100 
fe t re p ctivel.r, aud bolrl abou t t \YO bundi' ' d tbou 'a.utl bu b l of charcoal. Coke 
i · stored in beds aud bin of 500 ton, capacity. Tb main smeltiug building i 
360 by 110 :£ t, and tb or -room , placed on one side of t he main building, is 60 
b.Y ~ LO fe t. _ The ··torag capacity of th i room , through whicll a wagon-road r un ' , i 
7,000 to n - of ore. TIJ la ro· tlimcn ·ions of tb i room allow t he preparat.iou of numer ­
ous rc- l> ds, which iu nres g reat r egula rity in smelting-. 'l'be offices, laboratory, Fair-
l>ank ale , staff-hou e, and 22 tlwelliu g-bou e for the workm u and th ' it· families, -
ar • eli· ribut d around tb "-orks. Particular att nt ion i paid to t iL , -welfare of work­
mcu, who ar eut itl d to fre • metli ;a! attendanc at t il hospita l and fo r whom a. bath­
room a ud a readiug and recrcatiou room ha • e l>eeu co u ' truded. 
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Two boilers, 40 inches by 16 feet, worl, ed at a pre, ur of 60 pound to the 
inch, upply a 70-hor e power engin • (cylind r 14 b 24 incbe ) noel a cond 
of uO hor -power, with its boilers i kept ready for n e in ca e of ne d. 'rbi ogiue 
was the one formerly u eel at the e work, b for th s had attain ed theit· pre ot m lt­
io g capacity . 

The 70 hor e-power eugiu drive three Baker blo\\·ers, ou Root blow r, two 
large Blake ern her , a tof orni h rolls, nod a -Jag -boi ting rna bin . Tb furnac -
room i 120 by 40 feet-, and contain four furnnce , -tn lting nb nt on hnndrrtl and 
twenty tous of ore in tw nty-four hour . 'l'b v ntilation of thi room will be hon·n 
in tb de cription of tbe ln t--chamber . Tb lag-heap i connected with tbe ~ din o-­
floor by n,n inclined -plane hoisting-machine, imilar to tbe on u eel at melter B, and 
used al o to carry th slag up to b r melted . 

Furnaces. - melter G ba tbr e furnace of e(jnal bnp an<l dim n ion · ' imil a r 
to the one bown in front e1evation (Fig. 1, Plat XXX ), and one 1arg r furuac hown 
in F ig . 2, P late XXXV. Although bnilt on th ' am general principl a tb other 
furnace of the camp, they offer a ~,w iut re ting peculiaritie in ron truction. Th 

mall furnace are squar (3 by 4 feet at tbe tnyere ), and their n t-iron pillar 
re ton tbe fire-brick lining of the crucibl e. 'Il.J e 'vat r-j ackets B nr mad of ri,- ' t d 
boiler-pint and are only f'ou r in nn111ber. Baclt ide ja k tis proYided with two 
tnyere-hole and the bnck jacket with one · bn tl.Je furnace i work d with tb four 
ide tuy res only. 

The main ca t-iron plate npport ha a broad Yertical flange, 0, whi ·b onfine 
the ba e of the outer walls 0' of the furnace haft, th , haft it elf bein , a u ua,J, l in tl 
with fire-brick. ; the outer wall i macle of r d brick bracetl at Q. 

Til e furnaces are fed ti.nouo-LJ a in g l feed-ll ole placed at tb back of each, 
and proYided with :-;beet- iron liding door . Tb whole portion of tLe furoa e com­
pri eel b tween tbe feeding-floor and tbe damper of t.be tack i,, urrounded by a beet­
iron jacket, J'. 

Tbe crucible of the furnac i frametl in trong ca t -iron plate ·, ancl th fram of 
the ipbon-tap, lined with teep i made of trong beet iron. Tl.Je melting capacity 
f each of tbe e fnrnace i~ 2G to 28 ton s of ore per twrnty .fonr !J our ·, notl the length 

of run i about 11 day . . 
Th large furnace repr entetl iu Fig. 2 i tl.Je onl.v one of its kiDtl u e<l in 'Leatl ­

ville . The lead . iphon tap L i placed in front of tb e furnace, nntl on ach ·ide of th e 
fnrnacc th ere are a fore-b :ntb, X', and a la,.,.-,pon t, U, ~dternately u ·ed for the tapping 
of lag . In B' are een tbe lag-pot , monDted on wheel . 

'Ib water-juck t SJ' ·tern is form e ] of four large water-jacket made of riv t d 
b iler-plnte . The front and back jacket are each provided with four tns·ere- bole , 
but the fnr nace i. worked with 011ly ix tny re . The dimen ion s at the tuyere. ar 3 
by 5 feet. The main ca t -iron pla te upport bas a broad, vertical flan ge, 0, inca ·ing 
tbe ba e of the ma omy. · 

The fnrnace is fPcl from two feetl -holes, FI, open d or clo ·cd by sheet-iron liding 
door . The feecl -l10le arc placed in tbc ide wa ll · of tbi fun.ace, which correspono. 
to the front and back wall of other fnrn ace . Th e 11res nre of bin t u etl n,t s melter 
G varirs from fh· - ightbs of an inch to ten eighths of a n inch of mer ·ury. The cnpac­
ity of t!Je !urge Ra ·chette fnruac0, which has jn, t been de cribecl, i 3 to 40 ton of ore 
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per twenty.four llour. . The manipulation of either furnace <lo uo t uiffer from tho,·c 
in u at other melter The ·hoYcl u d ar r presented in Fig.·."" and 3 Plate 
r LIV, a nd til bar uf I.Jullion in Fio· ·. 5 and 6, I late XL\. 

Dust-chambers and ventilation.-lu Fig. 1, P late XXX\ 1, i llOWll til e g-eetra l 
y t ru of cond n n tiou of lead fnmes aud of Yentilati on of the furuace- room. 'TIJ c H 'IJ · 

ti lator V' V" V'" consi t of large r ectangular beet-iron chimn J·s rc tio g on tb uri ·l< 
du t-cba.mber D' D'' D'". They are open at their ba s on the id e towards tbe furna c · 
to a llow bot air to c.ca.p tllrougll them. Be ide the ,-ent i lator · eacll fnruac i · pro­
Yiu ed wi t ll :1 Loo l anu Limney in front of tb furn ace toward , th e s lag-gutter· . 

Furnace A i ouuected by mean of h •t-iron flueF' with chambl·r JY, (li,·ifleu 
into thr>e ectiou , a, b c uy mean of partition wa.ll ' 1c, and tLe smoke escapes tbrou g iJ 
th h t-iron tack 

Furnace B i imilarly conn cted throug h flu F" with chnml.Jer D'', di,·idccl into 
thm ectiou , a' b', c' by means of walls w', tile mokc e capiua tbrougll ·bee t -iron 

tack " 
Furnac• 0 is connc te<l by m aus of h et-iron flu F'" with a brick chami.J r, d', 

fe t hi o·b aud 11 by 11 feet a ba e, re tin g on tbe fecding-fl orP' P' . Thi ' b;nuber 
ba an ind pen"] ut , h> t-iron stack , ' . 

Furuac J) communi •ate,· by m Hn · of . ll•et-irou flue JJ'"' with cllamb er D'", 
livid d in t two , ction a" b" aucl th fum cir ulate tbrou o·l.l tile brick flue ", 
2~ ~ t lou ,. and tl1 n a ceud tb sqmtr' bri ·k tack "' Each cction of tile du t-
·hamb r is pro,-id d with ·Jiui11 g uoo1 c1 for tb xtractiou of the du t; tl.lo · of 

lion c' and ct" f ·l!amber D" and D'" nr i11 th · ar ·h-way 0. 
t melt r flu -tlu ' t i mixl•tl with argilhweon · ore <lll(lre~m !tel. 

Smelting charges.-Th f llo'"iu <>" tigme; ~IJ w the · meltiug perform ed by th tilrec 
mall fum a ·e' at · me It r from tLe 14 t b of J uuP 1 i9, to th 1 t of January, 1 0: 

"oko, 
baa· nul, 

4 0941177 p und = 12,04 7 to us a say ill" 73~ unce ' s ilYer ; leatl, 22 p r c~nr. 
1 ,621 , 0 ~5 ponud = 6.31 p r c nt. of or melt ed. 
2 i 2 !i:)5 pounds= 11.9:... p r cent . of oro !'lllelt d. 
1,0 . U O ponnd = '-' ·25 per cut. ol ore 111 !ted ~ Fud = ~~. f> per ccut . of ore 
3,D l6 :21')7 pounds = H.i.25 p r crn t. of ore melted 5 melted . 

. Tile produ cts 

Disposit ionofworks.- melterlli · tb mo timportan• melterofBi o·Evan 'gulciJ. 
Tl..! work · ar iu clo e proximity to the importau t mine of Fr,yer Hill, and tile or s 
they rec •i ve compri orne of t he ri ch st iu l<'ad, o-olcL an<l ih· r. Tbe bullion extracted 
ther i nl o g nerally very ricb in ih· r. The work ' ::1r proviu tl with :.1 laborator.r, 
iu whicl.t t.b ore ar, a aycd, ili fly b,y cori6catiou but some lllines r equir . a! o tile 
crucible a say. The crucible a ays of ore for. ih- •r and of ore aud la o· for lead are 
mad ouly with reducing flux, and no iron rod s nre u ·ed for til reduction of sulpl.JUr t 
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and ar eniuret . 'fhe as a.r for iron and gangue are made a u ual, a.lthou o·h th 
solution of ore arc not e\aporate<l to reco' r solnbl ilica and t he e timatiou of 
moi ture i made in a very r0ugh way. 

Th pecific gravity of ·lag is tal{ en from day to day for each furnace by 111 an 
of the Jolly · pecific-gravity balance, already tl e cribed, which i~ fio-nr d in Pint 
XXX Ill. This operation it< of no more ad\ an tag at sm lter than at smelter B, 
and here, a there, the lag thro1m away ar the riche. tof the amp, both in I all aml 
il,er. 

The ore-beds are made to contain equal parts of iron and o-angu and th la g 
thus formed are lightly acid. Tllis pla n, which is recommended in LeadvHI , and 
which is gaining the confidence of smelters, hould be conclemneu tbeor tically, and 
practice prove that theory is correct. It rC' ults, from the xamiuation of la g made 
in th laboratory of the ur\'ey, that the o-called acid lag ar rich r in 1 au and 
il\,er than the more ba ic one . But tl1e chief clefi ct of thi plan i that an in uffi ·i nt 

quantity of iron is reduced, aud that very large quantitie of ulphnret accr tions anu 
unreduced galena are form etl, interferin g eriously with the working of th fnrna e. 
In the opinion of the writer the center of gravity of smeltin g operation~, o to peak, 
hould be periodically displaced, and alternate acid and ba ic charges houl<l b u d, 

for the incon,enienct> inbereot in the use of these mixtures are .pr ci ely of an oppo-
ite charactm· and calculated to counterbalance or de troy each other. At sm lters 0 

and G, where melting i conducted on cientific principle , the mixture are carefully 
made to corre pond to singulo- ilicate slag , wbich might be called neutral,. o that the 
final result i the same a the one propo ed. 

The quantity of matte formed at sm Iter H i about 20 pounds per ton of ore, or 
1 per cent. The e matte are roa tecl in heap and r melted; but it will be een that 
thi mode of treatment i bad, and thn,t much silver i lo t J.uring the roa tin g. 

Tile method of bullion assay, whicll i the one in general u e in Leadville, is ns 
follow : • 

At smelter H two as ay bit of lead (one from the top anu one from the bottom 
of each bar) are detached from each bar compo ing a car-loau by the chi el represented 
in Fig. 12, Plate XLIV. By hammering in different flirectious triangulnr bit · of lead 
are detached, uch a are repre ented in Fig. 13. All the bit representiug the car­
load are melted together nuder lh·e charcoal in a plumbago pot. The charcoal i then 
removed and the lead i ki!nmed by mean of a mall p~>rforated laclle, and then 
poured into a bar-rnolu. A bar about one inch thick i thus obtained ( ee Fig. 7, Plate 
XLV), from wuiclt three or four ns ay bits are detached at a by means of an or<linar,v 
chi eland hammer. ilalf au assay ton is weighed from each bit, and the as ay is 
made, as u ual, by cupelhttioo . 

The offices, laboratory, anu Fairbanks scale occupy a detached building at the 
entrance anu rear of the works, and fuel is placed on the ame level in the open pa'ce 
at the back of the main smelting building. The ore- bins are all placed within the 
building on tbe feeding-tloor level, through which run a wagon-road for the dis tribu­
tion of ore from wagons. 

On the 1 ft of the fnrnace-room (facing the furnace) is the engine and bla t room. 
Two boilers, worked at a pressure of 80 pound to the qnare inch, npply a powerful 
engine of 100 hor e-power, which drives fonr Baker blower , one Blake ern, h r, one 
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ct of omi b roll,, noll tbe pnmp. The work are al o provided with a. mall me· 
cbauic ' hop. The slag-heap at this a well a ::tall the melter on Bi(l' Evan , gnl h 
encroa ·hes on the bed of the creek. The sm lting capacity of the work i about 
ix tJ· ·five ton of ore p r twenty-four hour . 

Furnaces.-At molter H there are three furnace of the Piltz pHttern con, tru tetl 
b,r l\ie rs. Fru er c balmer of Ch icago. 'l'be e fnrnaces which lHtYe alr ady b en 
de cribed in the general de cription of tl.Je furnace , a nd which arc al o ncce., fully 
at \TOrk at melter B are repre, ented in p r pective Yi "·,Fig. 1 Plat XXXVII. 
Thi · ,ketch wa drawn for the purpose of o·i ,·in"' a correct idea of the general app a r­
anee of the e furnace , which cannot b obtained at a glance from the ele' ation noel 
ection alon . In this ketch the crucible A, with it, frame of en t-iron plates, a '"ell 

a the fram of tb lend iplwn-tap Land of the fore-hearth X', i clea l'l y een . The 
ca t-iron pillar P witil t ll eir capital and brack ts and the two slag-crutter U are 
vi ible. Likewi e the ri,·eted wrought-iron boiler-plate watt>rjacket B, the fire-brick 
br a t V, and the tymp- tone and tap-bole Z. The main en t-iron upport 0, with it 
Yertica l flange 0', u pported by the bracket t·, the induction . pipe I , ami the wrought­
iron ca 1ng J' around the ma onry, areal o vi ible. 

The ame furnace are repro en ted in vertical sect.ion in Fig·. 2, Plate XXXVII, 
howi ng tll ,t p-linin g of the hearth and fore .bearth X', the iphon L', the space b, 

b tw n tb waterjack t aod the ma our·.1, filled with fire-brick, and th fire-brick 
lining ' f the f'n rnace. 

Fig.'"' bow· a l o the nrrangem nt adopted at sm Iter Hfor the tapping of slag. 
ln g run into a a t -iron lag-pot, V', proYided with a pout, ',and liYecbarconl 

in Jar pi e i kept OYer tb molten lag to preYent it from coolino-. Any bullion 
m ·hauica lly nrried away fall at t..h bottom of the pot V', which i cl a red of it con­
t 11t from tim to tim . Tb lag thu fr d from bullio11 run into the onl:nary , lag­
pot B' mounted on wheel . 

Tbi ' arrang m · nt i \"i<l ntly excell nt but i only nece sitatecl by some defect 
in tb linin of the dam, for in weJI .Jinecl furnac no bullion can escape, thus render­
ing Ill u of an interm liate lao-.pot unuec ar.r; thi is pro•ed by the fact tllat 
lag u v r ontain any m tallic o-rain , uo matter from what part of tbe cake tbe 
p imen i tak n. 

Fig. 2 ·bow also th e conn ctiou~ by mea11 of the, lleet- it·ou flue F' of tlle cbim­
n E, of the furnac with th e he t -iron chamber D' re ting on the feeding-floor P', 
u eel to cn.tch lea d-du t. At d' i en one of tbe door · of thi chamber, through which 
the du ·t i f\Xtract d. Th wall furnace which have ju t be H described are worke<l 
wi b ix tuyere, , 21- in he a tb nozzle, aml tb ir melting capacity i 16 to 1 tons of 
or p r tw nt -four hour for each furnace. 

e ide th three PiItz furnace , m It r H h a a larcre Ra cllette furnace, wbicll 
wn ·form erly ruu n.t. melterL. Th meltingcapacit.y ofthi fnrnnce i 25 tons of ore 
in twenty-four hour . Th internal <limen ion of the crucible ar 5 by 3 feet. The 
hearth i lin ed witll , teep aud the furnace i upported ou four cast-iron pillars, like the 
squnre furoa s of similar con truction already de cribed: The water-jncket y tem is 
rather com plicated aud i formed of one front anti one back j<lcket, maueof wrongbt-irou 
ri,·eted boilet'- platt>,, witb fiye ca t-iron water-jacket on each s ide. This plan as bus 
been ob erved bef0r , is not good aod at the time thi report wn mad the wat r­
jacket y tem wa uu<l r repair. The <lifferenc of dilation of tbe two metal is n.lways 
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n. onrc of trouble and tlle plan bould be cou<lemn ed altog tll er. Tl.lc furna ·' i · 
worked witll nine tuyere , 3 inclle · in diam ter at tb nozzle, in ·ertecl, a n Uc I, in Llle 
wat rjacket ; one of the tuyere is placed in tbe ba k jacket and four on a h ide. 

Each jacket i ' not only proYided with inlet and out! t pipe for tbe ·ir ulation of 
wat r, bn t a general circulatiou ba been e tabli •bed b >tween all the jack t by m an 
of p ipes crewed into them n.t the ha e and communic<tting- with one nnotb r. 

Dust-chambers. -The .Y tem of condensat ion of lead fumes adopted at tbi m lter 
is poor, and "leaclin o-' is con eqpeutl,y of freque nt occurreu · . The four fnrua ·e 
are connected by mean of tlle be t-irou flue. Fi .F11 F 111 JJ'iv with tb b - t-iron 
cbamber .Jlf, connected by m an of the bri ·k flue with tb tack F (i n Fi"'. 1, I late 
XXXVlU) . The beet-iron cll n.rub r ba already been e 11 in tran ,. r ' e I ,·atiou 
(Fig. ~, Plate X XVII ). "eith r· chamber llf uor 1i i · divided into ection , o tbat 
the conden ation of fum . is very imperfect. Both ·bamb I' are provid d, a u nal, 
witll lidiug door d for the cxtl'action of tlt e dust. 

At melter H, flu -dus t i mixed witll Hibernia ore (au argillaceou or contai n­
in g uo lead) and introduced aft r ward · into the compo ·ition of or -b <1 • 

:UELTEH J. 

rnelter 1 i erected on tbe north ' rn bnuk of 'a liforuia gulch, in a ituation o 
irnihtr to that of melter 0 that the general de~cription of tbe latter a ppli word for 

word to the e work . Tlte only peculiarity at m Jt r I i tllat tbe furnace and fe d­
ing-floor le,-els a,re connecte1l by a ,-ertical ele,ator n ed for boi ting lag to b 
re melted . Tbi ' ele\'ator i placed in the main builtling. 'I be boiler. are work d at 
<L pre sure of 70 pound to the quare inch. 'Ihe rna bin r.1 con istil of tt 60 hor e­
power ng in , two Baker blower , one Bla,ke cru, her, and. the pump. 

Th e lag-pot are independent of t he cars aod are identical with tho e wbicll 
luw ' been de -cribed at melter . Tlte melting plant con i 'ts of two Piltz furnace , 
ide-ntical in capacity, llape, and dimen ion -, ami con tructed by i\f r. Fra er & 

ha l mer.. The e furnace are irnilar to fumace of tb sam pattern u ·eel at melt­
er · B and H, unt h ave onl.Y one lag- pout. Th wat r-jack t. B also are made iu 
but two · ction , and tbe frarn of the erucible of four ca ·t -irou plates, egment of a 
cirde. Ou of tlle e furnaces i bown in ele,·atiou in Fig. 2, Plate XLV. It may b 
se n that eacll R aker blower, W, i iu direct eommunication with the induction-pip I, 
the general ystem of connecting all tbe blO\Yers with a main bla . t- pipe not bei ng in 
u e here. 

The y tem of con l n ation of lead fnrn e con ·i ts of a sheet- iron uox, D', 8 
bs 8 fe t, audlO feet lli glJ, JH'OYilled with a ·beet-iron taek, F. Each furnace is con­
uecte<l by m au of a llcet-irou flu , .F', witll a imil ar cbamuer, from which the du t 
i xlractcd tbrougb llinged door d'. The amoun t of flu -du ·t caught in both cham­
ber · i about 5 too per week. 'Ihe du t i mixed with milk of lime, the mixture i 
dried ami then re melted gr<Hlna ll~· with the meltiug cbarg . 

The melting capacir · of tbe work i about 40 ton per twenty-four hour . 

Smelter J i:s a woll-constnwted melter ·tautliug on the outbwe tern bank of 
Big Evans g ulch, and i · disr o eel exactly like smelter H, with tlli dilfereuce, that the 
nffices and laboratory stand ou oue s ide of tlle rnam smelting building instead of ueicg 
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placed in the rear of the works. The work had cea ed running at the time thi report 
wa ma<.l , but they de erve a de cription chiefly on account of the w 11-con tru ·ted 
brick du t-chamber with which the furnace are connecterl. 

The smelting plant con ists of one Piltz furnace, worked with L"\: tDf)ere and 
con ructed by 1Ies -rs. Fra er & Chalmers. The diameter at the base of th • water­
jacket i 40 inches, and the furnace is similar in every re pect to the Pilt~ furnace n ed 
at other melter . Be ides the Piltz furnace there i a Ra ch tte furnace, chargeLl 
through two feed-hole , and almo t identical in proportion and capacit. witll tbe Ra-
chette furnace u ed n,t melter H. The water-jackets, all made of ca t iron, are 

thirteen in number: one in front, two at the back, and five on each :sid . The internal 
<limen ion at the tuyere are 5 by 3 feet and the furnace j worked with nine tu~·ere . 

Both furnace· a.re connected with a du t-chamber placed immediat ly below the 
feeding-floor. Thi chamb r is built entirely of red brick. 

The plan of thi chamb r i given in Fig. 2, Plate XL, showing the brick cham­
ber IY, the brick flue N N', communicating· with the beet-iron stack F. In thi plan 
A repre euts the Piltz furnace and B t he Ra chette furnace. The ame chamber is 
repre ented in elevation in F ig. 1. The two liding door through which du t i 
clear d away are placed at d. Th mtpacity of the work i 40 tons per twent -four 
h ur . The macbin ry con i t of a 50 hor a-power ngine, two Baker blow 1" one 
Blak cru her, and on t of Corui h roll . Th cbarae are weighed, as at all the 
oth r m Iter ou cales placed on the fe ding floor. The slag-pot u eel are monuted 

M E LT E R }{_ 

melt r of Big· Evan gulch, and ha only one furnace, 
which wa not running a tb tim tlri report wa mad . The e work ar , on a min­
iature cal , di ~po d exactly lik m It rs H and J aud 'tbey baYe thi 1 oint in out­
m n with melter IT that intermediate la o·-r ot are u eel for catching any bullion 
me ·llani ·all ·arried away . The furna ce i a Piltz pattern furnace 40 iuche iu tliam-
t rat b ba e of th wat r-ja k t ,and work dwitb ixtuyere ,2~ inche, incliaw te.r 

at tb nozzle. Tb ar acity of the work 1 to ~0 ton per twenty-four bonr . 
Thi m Iter afford an opportuni y ~ r ho' iog th plant and manual labor r quirecl 
to work n furnace. At th ' ork the manual labor wa r pre ented by-

I 
Pny per Lcusrth of1 
diem. hil't. 

1------------ I 
~--- llours. I 

1 foreman .... .. . . . -- , $5 00 I 12 1 
2 head smelters __ --. .. 4 00 12 

2 feeders ... -- ------. .. 3 00 12 
2 bel per . __ ---- -- -- . 3 00 I 12 
2 en gin ora __ . __ ... __ . 3 00 12 

8 duy In borers . __ .. --. 2 50 10 

4 staft' officers .. -- -- . .. -- -- ------ , -- --. -- .. 

The plant, upplied by Me r . l! raser Ohalmer~, of Chicago, con ist of­
One Piltz furnace, 40 inche diameter at the water-jackets. 
Oue tubular ' team-boi ler, 48 inche in tliameter and 14 feet long. (Thi boiler i 

sufficient for two furnace .) · 
MON XU--44 
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One .· tationary team engin (cylinder 12 by 1 inche ). 
One Xo. 5 Baker blower, with mercury gauge. 
One complete et of bla t aud indnction pipes, with ho e and tuyere 
One Blake cm her (open ing bet\\e n ti.Jejaw , 10 by 7 inches). 
One set of Cornish roll~, 16 by 10 inche . 
Eight lag.pot , mounted on wheel or on independent car . 

ix lead-ladle . 
Eighteen lea9-mold~ with name of meltioo· firm at bottom, for branding bullion. 
Two ... o. 4i beet-iron mining-barro\\ for fuel. 
Thirt_y-fi.,e teel furnace-bar , from ;1 inch to 1:t inches. 
To this mu t be added either a beet-iron du t-chamb r, by by 10 feet, con-

tructed by Me r ·. Fra er ..,- halmer , or el e a convenient brick chamber placed 
under the feeding floor; a 10-ton Fairbanks platform ca.le, and everal ore-barrows, 
sho,·el , etc., and a water-tank for feedin O' the water-jacket of the furnace. 

' :\IELTER L. 

melter L i the Little Chief melter which toocl on Fryer Hill, abo,·e the Little 
Chief mine and which ha been pulled down, owing to the inking of the ground upon 
which it wa erected. The Little Chief melter ran only on Littl hief ore, and it 
ore-room wa connected with the haft of the mine by a railroad track, upon whi h 
the loaded mine-car' were ran. 

The capacity of melter L in ton of ore per twenty-four hour was 3~ ton , which 
were melted with dolom.ite and hematite in tho Ra chette furnace now at work at 
melter H. More ow were found at thi melter than at any other, bowing that the 
lags were ba ic. 

Doring the yem· ending June 1, 1 0, 5,500 tons of ore were melt d, producing 
760 ton of lmllion. The plant con i ted of a 40 hor e-power engine (cJ·lincler, 16 by 
24 inche.) and a boiler, 4 inches by 14 feet, con tructed by Me srs. Fraser & Chalmer ; 
one No. 5 Baker blower; one Blake ern her, 15 by 9 iuche. between the jaws; and the 
furnace pre\ionsly de cribed. The slags at this melter are remarkable for the ab-
enc of titanic acid . 

MELTER ~I. 

The e work , the fir t that were erected in Leadville, were being pulled clown at 
the time thi report wa made. They were itnated immediately outside of the city 
of LeadYille, at the junction of tho upper and lower district roads of California gulch. 
The allotted pace for the slag-heap between the worlrs and the lower ruad was soon 
filled up, and the slags had to be wheeled up at the back of the works on a level with 
the feeding-floor. The e slag~; are unlike any other produced in or near Leadville. 
'rhey are coar e-grainecl, with a dull fracture, extremely den e, aud contain an enor­
mou. quautity of lead and il-ver. 

n opportunity wa afforded of as aying a few of the ores which were in the 
bins after thi melter cea eel running. Their contents in lead and silver were a fol­
lows : 

Lead . ... per cent.. 13. 9 
Silver .. .. . ounce .. 34. 9 

8.7 
00.25 

0. 9 
70. 4 

20. 8 
45. 5 
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Smelter M had but one quare furnace, of the Ra chette p::.tttero, entirely sh athed 
in an iron jacket. Tile water-jacket y tem was formed of four wrought-iron ri,eted­
plate jack ts, provided with even tnyere-hole . The linio o· of the crucible wa made 
of teep. Th e dim en ion at the tuyere were 5 by 2 feet. In Fig. 2, Plate XXXIII 
i. :seen th peculiar du t-chamber which was u ed aL thi melter. Th e tack E of the 
furna ce ,,.a conn ected by mean of the sheet-iron tlue F with the cYlindrical beet­
iron ·hamber D', placed high a bo'e the feeding-floor and out ide of the main bnill­
iug. Thi hamber wa provided with a tack F, and the fumes were compelled to cir­
cnlat by means of the two beet-iron cou 1t y z, n pend d to the ·tack F by mean 
of a ollaiu a y. The cbamb r "a pro\ided with a liding Yalve S for the extraction 
of th du t, which fell through the pir e z into a wooden box, placed on a level with the 
feeding-floor . 

The melting capacity of the "·ork wa 30 ton of ore I er t wenty-four hour . 

:\fELTER . 

Smelter _._ , ituated in Malta, at the end of California gulch ''a tbe fir ·t melt r 
erected in Lake County, and was built in 1875. Tbi rnelter, which wa not running 
at th tim thi r por wa mad , ba been tarted anew. The work are di\·idecl 

' ral l vel . The well fr m which the water wa ·pumped into the water-jackets 
fnma e tand in the furna e-room. The furnace, th only one u. ed at the e 

work , ha th ame hap and capacity a th fnrna e de cribed at melter M and 
i a l ntir ly beathed in an iron jacket. 

The ngine i of 30 bor -pow r, driYing one So. 4 Baker blower, one Blake 
cnPber (10 by 7 fe t), and the pump . 

Eight n rn n and four offic r are in charge of the work . 
m Iter i placed a £ w yard from the Den,er and Rio GrandE\ Railroad track, 

and i. conn ct d with it by a idino-. 

)!ELTER 0 . 

di 

' MELTER P. 

hort 

in shape and imilar· to 
iuce cea ed running. 

Srn It r Pi · th Ad !aide m lte•·, which was ituated near the min · in tray 
Jlor o·nl h, at th north ncl of Iron Hill. It al o ceased running long ago for want 

It furnace Iras ince been purcha ed a.nd removed, and is now running a t one 
rn Iter iu Big Evan gulch. 
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SECTION !V. 

PRODUCT OF SMELTING. 

BULLION. 

Sale of bullion.- Iu Leadville bullion i generally old to agents of Ea tern re­
finerio , who pay for it transportation from the camp to the Ea t. The co t of tran · 
portation varies, according to distance, from 27 to $35 per ton. 

The price of lead in bullion at Leadville ha varied during th year ending 
June 1, 1880, from $30 to $78 per ton. The average price ha been from 60 to $72 
per ton. 

Sometimes bullion i paid for at "ew York quotation , with a deduction of 3 
cents per ounce of silver and of $14 to 15 per ton of bullion for the refining cbarg . 
In other ca es, the refiners' charge are 3 ounce of silv rand 5 per cent., or 100 pound 
of lead p r ton of bullion. 

When the melting work of Leadville are branch e tabli hment of large ea. t ru 
refiuerie , private arrangem ut are made between the main work and i t branch. 

When bullion i hipped to refin erie to·be d silveriz d for account of the m ltiog 
firm, the melters pay for the tran portation of bullion from the camp to t he r fin ry. 
In thi in tance the agreement between smelter and r finer i hown in the followin " 
model of bullion invoice. 

NAME OF SMELTING FIRM. 

Leadville, Colorado. 

Invoiool of bullion, No .... .. 
Car Jot . . . . . . bars . ..... wei~blng ...... lbs. shipped ...... .... .. 1 
Assay per t~n (2,000 lb3.).. .... .. .. .. . . ozs. si! ,.-er. 'ew York quotations .... .. .. day sbiJWed. 
Total ozs. silver, .. .. .. .. less .... . ... ozs. per ton in refining . .... .. .. ozs., 11! .. . .. .. . per oz. , 
Total lbs. Jend, .. .. .. . , les .. .. .. . per cent.lost in refining, ... .... lb ., 1b .. .. .. .. per lb. , $ .. . .... . 

Vnluc of lend and sih·er ...... .. ....... . ............. .... .. .. .... $ . .... .. . 

Deduct freight to .... .. ........ , $ .. .... . ; cost of refining per too, $.. .. . .. . $ .. .. ... . 

Net ,.-nlua of shipment.................................. ........ .. .. ..... . 
Deduct ........ .... , 10% of net ,-aluo ............ . ...... . .. . .. . .. .... ..... .. ...... ... ... .. .......... . . ..... . $ .. .. .. .. 

Amount for which dra ft may be made .... .... ...... .............. $ ...... .. 

When the pric~ of bullion is low it is frequently kept in re erve in Leadvill e in 
tile expectation of a ri e in the New York price. During the mouth of August, 1 '0, 
one of the smelter pre euted the imposing sight of re erve pile of 14,625 bar of 
bullion, amounting to 1,453,2-o pound , or 716~ tons. 

The bars of bull ion in the camp belong to two principal type , shown in F ig . 3 
aud 4 and Fig . 5 and 6, Plate XL . Theit· average weight i 100 pound , o that 
car-load weighing on an average 20,000 pounds, or 10 tons, are formed of 200 bars. Iu 
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Table VII will be found ~he weekly production of t he differ nt melter , t ll eir ,,-e kly 
or monthly shipments, with the ~eigh t and average a ay of bullion for tb dates 
indi ca tPrl. 

melter . 

Total and I\ vern es ...... . . . 

TABLE VII.-Sl!ipment of bullion. 

I Weekly production. W eekly or monthly sh ipments. 

21 205 

19&~ li 

2 ~ 2 

259 136 

53i I 21 

lli 314 

171 33 

52i 370 

141! 443 

180 314 

30 475 100 31 445 

23 470 100 23~ 250 
40 Jan . 1 2, 830 100 llli 297 

62 .. ...... ...... ,~=,--99.20 ~=-294.41 

D oo. 29, 1879 

.. .. do .. .. ... 

Do. 
Do. 

Do. 

Composition of bullion .- Tbe quality of bu~li on di1fer a good deal from ,melter to 
m Iter, and from da. · to day at ach . m Iter, but the former differ nee i mor s n i­

bl than th latt r. At om work bull ion i ' , oft, with a clear surface; atot ll er , more 
or I llard with a umruy urface . The difference in t.b quality of bullion is clne 
I to the clifl'er u e in compo ition of th ore , which a re eu ibly the a.m , than to 
th car with whi ·u m lt in <T i carried on. 'rb arne furnaces and the arne ores 
will yi ld coat e or partly refiuecl bullion, according to th rapidity with which t he 
fnrua · s rno but ·hi fly according to tbe quantity of iron reduced during the opera-­
tiou t bi m ta l b ing an xcell ot r fining agent. 

T he •harg fo r refiuin o- bullion b ing grea.ter for coar e than for oft metal, it is: 
qu it vident t lla t the melter have a direct intere tin obtaining from their furnace~ 
a m tal a refined as po, ible. The best smel ting works of Leadville obt.:'l.!n a bullion 

f very fair quality. 
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Analyses.- The writer ha made iu the laboratory of the Sur y t he two foll wing 
analyse of bullion : 

Analysi XXII.- Specimen of bullion taken from the furnace at the La Plata. 
smelter. This bullion is oft, with a clean surfac . 

Analysis XXIII. - Mixture of equal part of bnlliou from the following melter : 

Names of smelters. Remarks. 

Billing & Eilers. ___________ __ .Sam}Jle from one car-load, weighing about 11 tons; oft, with a lean stu·-
face. 

Cumming & Finn . __ . . __ .. __ .. Sample from one ca·r-load, weighing about 10 ton omewhat hard , with 
clean surface. 

California_ ...... . ............ One specimen from oue furnace. 
E lgi u ............. . .... . .. . _ . One specimen from one furnace. 
Grant . . .............. .... .... Two specimen from two foruac 
Gage, Hagaman & <.:o .. . .. . ... Sample from one car load shipped in December, 18i9. 
Harri on .. .. ..... ... ....... . . One. pecimeu from one furuac . 
L a Plata . .. .. ........ _ ........ One pecimen from one furnace. 
Ohio and Missouri _ ..... _ ... __ Oue specimen fro111 one furnace. 

A..."ALYSES XXII AND XXIII. B LLIOX. 

Lead (by difference) ...... .. .... __ ... . 
Silver ... . . .. ..... . . . ... . -........... . . 
Gold .... _________ __ ____ __ ___ ---- -- -_ .. 

Copper .. -... .. ........ . ........ . .. __ . 
Tin ---- -- ........... .. ..... .. ....... .. 
Bismuth ............. . .. . ---- --------· 
Arsenic ........... . ....... . . ... . .... .. 
An timony ..... . ------ ............... . 
Iron ...... -- -- -. .. __ --- --- ---- . . .. .. .. 
Zinc .... .... --- ---- - --- -- ......... . .. . 
Cadmium ... . ........... . ............ . 
Sulphur_ .... __ . . __ .. _ .. . __ ___ ... . .. .. 

xxu. 

!)9. 079 240 

O. 6LJ2H5 

0. 0000 

0. 0479100 

Fnint trace 
Faint trace 

0. 0~01365 

0. 21389-10 

0. 0063000 

0. 0016052 

F aint trace 
None 

XXIII. 

9 '492379 

0. 793417 

0. 000891 

0. 071450 
0. 000~97 

o. 011791 

0. 219528 

o. 3i7881 

0. 012600 

0. 000232 

Faint trace 
0. 048934 

1--------------
Ounces of sil'<'er to tl1e ton ... _ .... _ . . 
Ounces of gold to the ton .... . ....... . 

100. 0000000 

178.275 

0. 026 

100.000000 

Discussion.- Analy is XXIII enabled the writer to detect the presence of a great 
' number of metal , some of which, like tin, were not eveu suspected to exist in Lead­

ville, inasmuch as the ample analyzed represents ores from nearly every mine in the 
region . While investigating tbi . sample of bullion it was ob erved that part of the 
silver exists there in the state of ulphide. Some of the lean, as might be anticipated, 
i also in the state of sulphide. This is very easily demonstrated iu the following 
manner: The bullion is dissolved in weak nitric acid; the unattacked residue is both 
yellow and black. The yellow portion is sulphur from sulphide of lead, which i easily 
atta-cked by weak nitric aeid with separation of sulphur; the black portion is formed of 
sulphide of silver, which is not touched by weak nitric acid. Neither the relative pro­
portion of silver existing in bullion in the metallic state, nor the amount of lead a sul­
phide, wa determined, because this kiucl of research would have led too far; but it 
would seem to be uffi.cient to call the attention of smelters and refiners to the fact. 
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Assays of bullion .- The followin o· a a:y bow the Yarying proportions of gold and 
Rilver in the bullion. The specimen as ayecl are those which bad been mixed for 
analyses: 

Bullion . 

Location. Smelter. 
i> ilver. Gold. 

Ot<nces to ton. I Ouncu to ton. 

J 

BilUug & Eilers . . . . . . 87. 2 17 0. 1423 

California.. ... . . .... . . 216.2267 J 0. 0233 

California gulch... . Grant.. .. . ..... . . .. . . . 325. 1550 Faint trace l ~~~:-~~ : : :::::: ::::::
1 

~:: ~~~ 
1 

Fnint0~r~~~ 
\ Ln Plata... ... . .. .... . liS. 2750 ___ o.~ 

A¥erage .. . .. ... . 
1
...... • ••• • • •• • • •• .. .. • • 218. 0633 1= 0.0 1 

B ig E¥ans gulch .. 

1

1 

Cumming & Finn. . . . 366. Hi 7 1. 1223 

t 
Elgin . . . . . . . . .. . .. . . . . 245. OijO I 0. 1500 

j Gnge, Hagaman &Co .. 127. 251i 0. 0833 

Ohio and Mi onri . . . . 265. 59 l 0. 6566 1 
Average ......... : ....... . ............ .... -- 251. 4255 j 0. 503 

Tbn itwill beuoti d tbattb bullion produced in Bio-Enlll gulch 
richer in gold than that of California. gul IJ. 

Assays of bunion mad at Messrs. Cumming ·cf· Fiun' smelte1· i11 A.ngu t, 1 no. 
(Each as ay r pres nt a car-load of 10 tons of bullion.] 

Sil¥er. Gold. 

--------1----------, 
Ounces to ton. Ouncu to ton. I 

0. 0415 ' 
Kone 
Kon e 

~~: ~ : ::::::: :: : :: :: :::1 
'o. a . .............. .. 

327. 9 

301.5 
33 . 25 

(llndelh rg. ) 

Dail~ assays of bullion made at one of the smelter in Leadville 

[Each assay represents the lml llon extracted in 24 bottrs.l 

Dates. Sil¥cr. Gold. 

May ao ...... 1 .. -~·-· . . . . . . ...... 0<t?<cc;1:~ ~:" · 1 Ounce.~~ ~011. 1 
May 31...... . . ... .. . . . . . . . . . . . 2 9. 70 1. a 
June 1.... . .. .... .. . . . . . .. . . . . 2 1. 57 j 1. 75 

June 2........ . .......... . .. . 260. 675 1. 325 
Juno 3. .. . . . . . . . . . . . .. •. . . .. . . 200. 22 1.10 
June 4.... .. . .. . .. . .. . .. ... . . . 275. 00 0. 65 
June 6 ... . . . .•. . . . . .. . . . . . . . . . 957.175 0 50 

June 7. .. . . . . .. . . . .... .. ... . . . 414.46 · . 20 
June 8 .... .. ....... .. . . . ... . . . 443. 85 0.15 

June9 ...... . . .. . .... ... . .... . 
June 10 . ...... . ... ... .... . . .. . 
Juu 11 . ... ..• . . . ••...... . •... 

Juno 12 .. . .... . .. ..... . .. . ... . 

31 . 90-
3Z!. 4625 
284.5 

278.0 

0. 10 
0. 0375 

Kone 
None 

-----------'------' -----

generally 
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Skimmings.- The following- i an analy is of kimming ollected in the iphon-tap 
or lead-pot of one of the furnace at the Grant melter; it is iutere ting because it con­
tain , in concentrated form, the metal ~· hi b ex i t only in mall quantity in the bullion, 
an d thu more certainly pro'e tiJeir exi tenc 

.ANALY I XXIV. T{JMMINGS. 

Lead . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . .. . . .. .. .. .. 117.9172 
il ver . . . . . . ........................... . .......... . ..... ............ .. 

Copper . . .... .. ................. . ... ... ...... .. ... .. .. . .... ... ....... .. 
Bi muth .. ....... . ............. . ............ ... .. .... ........ ... ...... . 
Iron .. ... .. . .......... . ...... . . . ______ .. ___ . _________ ... _. _______ _ ____ _ 

Cobalt .............. . .. . .............. . ................. .......... .. .. 

0.8657 
0.0:!59 
0.0160 
0.4249 
0.00 

'ickel. .. . ... . . . .................... . ............. . ......... . . .. .... . Faiottrac 
Zinc.... ........... . ........................ ... ........ . .............. 0.015 
Ar eo ic.. . . .. .. .. .. .. .. .. .. .. .. . .. . .. . . . .. . .. . .. . .. .. .. .. . .. . .. .. .. .. .. 1.1 7f> 
.Aotiwony .. .... .. . ... .. .... ...... ...... ..... . ...... .. . ... ...... . ..... . 0.1147 

Tin............. . ........ . ...... .................................. . ... 0.0095 
o 1 phur . . . . .. . . . . . . .. .. . . .. .. . . . .. . . . . . . . . . . .. . .. . . • . .. . .. .. .. . . .. .. .. 3. 3400 

Oxygen and los" (by di.lfereoce) ....................... . ...... ·.:---- ... . 1.0641 

10(1 .0000 
ih·.,r, 252.5 ouu ce w the too. Gold_. not a trace, 

Discussion.-In tlJe kimmings, as in the bullion itself, part of the ilver and 
om I ad xi t in the tat of ulphide ; in fact, the skimmings are p culiar alloy 

of ro tals, ulphide and oxide . Although it was known from the analyse of the 
ore by Dr. W. F . Hillebrand, and of the hematites by the writer, that cobalt was 
pre nt in the m lting charge, the writer ' a extremely urpri ed not to find tbi 
metal concentrated iu the pei or in any of the other furnace products, matte , accre­
tion , etc. The precedin g a,oaly es show that it is in the kimmiug that it mu t b 
looked for. This cnriou fact illu trates a roo t intere ting ca e of eparatioo of nickel 
from cobalt by the dry way, and by a method hitherto unknown an d no uspected . 

ickel, a will be een, i concentrated iu the pei , and cobalt accompanie the bullion, 
from which it can ea ily be eparated by the simple process of kimming. Ther would 
eem to b no rea on '"by thi imple proce hould not be u eel in the metallurgy of 

nickel and cobalt; for no cobalt is found either in spei or bullion. When tb kim­
miug are UJ !led, tiJe pre nee of cobalt is revealed by the formation of blue pecks 
of pbo,phate of zinc an d cobalt. Thi phenomenon i , o rarely seen that it houl<l 
uot p a s unnoticed here. 

The , kimmio g are covered with a cry talline, ,Yellowi h-black scum, from which 
tlt·y cannot be epa rated . When they are broken to pieces, the piece are crystalline, 
with n. "'hite metallic luster, imilar to lead. These pieces flatten under the hammer, 
but the tlattened portions are very bl'ittle, with a cry talline structure and a blackish 
color, due to small but very di tinct cry tals of galena. 
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Losses.-The loss of lead and sil ver in melting i thu estimated at the different 
smelters : 

_ n_. _j_c_. _l_ n_. _ ' ' A. E. F. I G. II. i 
------

___ , 
Percent. Per cent. Per cent. Per cent. Per cent. Per cent. P••· cent. Per cent. 

Loss of lead . ,., _ .... -· 10 to 15 10 to 15 5 to 15 13 7 to 10 12 to 15 12 9 to 14 
Loss of silver_ . _ -. ___ . 2- 5 to 5 5 5 to 12 1. 5 a None 3 a to 5 

I 

The :t'<'erago loss i.s: Lead, 11.68 per cent. ; sil'<'er, 3. 59 per cent .. 

Part of the lo sin both lead and ilver is reco\ered iu the melt ing of the lead 
fumes. 

Bullion capacity of smelters. - The charges contain on an a\ erage 20 per cent. of 
lead, of which per ceut. is extracted in the tate of bullion; hence it is easy to 
calculate the bullion capacity of each mel ter, a is done in the following table : 

TABLE VIII.-B1Lllio11 capacity of smelters_ 

molter_ I 
Total wei ht 

N f To. of Tot.al No. of W i ht f h 
o. 0 chnr""S each charge per · e g 0 0 nrges 

fnrn~ces 1 P r ?;;. nty-
1 

twenty-four of each run in 

hourfl. 

Lead in 
ahnrg:e (20 
per cent- of 

whole). 

Lead in lm Ilion 
( 8 per cent- of 
lead goe into 

bullion. ) nmmng.

1 

fonr hours. hours- charge_ twenty-four 

--------;--- .- ---j,--- -------!---.---1 

I Pound<~. I Pound8. Pounds. Pounds. , J.'om. 
A -- - ·--- .. - - .- - .. ·----- ·- 2 ---~---6~-~~--120, 0~-~, 000 ~~~ 

B ·-·-- --- -·----- ---· - { : I J50 :~o ~: I :~~:~~ I 

Total- --- --- · -- ·- -- - -- --·--- ·- - . - .. -······- - ---97il .. ___ . ·--·1 684, 600 I 1 36,9~0 120,489 GO! 
-----------~---------------

c ---.---.- -- .. -.-- .-.. -. 2 I 100 I 200 I 020 I 184, 000 36, 800 32, 384 1G~ 
D . -- .. -- . -- . --- .. -- ... - . ---2- ____ 6_0_I ___ 1W 1:000j-12o:OOO --;:ooo 21, 120 -1~ 

E -- --· -- -- ----· -----· -- · f ~ ~: '---~: :~ , =: ~~~ . 1~---r--Totnl. ----- -·- - --- ·--· ·------ -- · ·--- --·---·--· 275 -- ---·- --·1 104. 500 20,900 18, 392 9i 

F·--· ---·---- ·--·--- · -- 1=- ~ ---=-::,,-=,--1::-~o:--20,280, 17,846 ,- 8~ 
G . - - . - - --- - -.. -- .. -- : . - -. { 2 76 152 790 120, 080 I 

Total·-- · ---------·-- · ~==-.
7

~- · =- a:: 1 ----·~~-· 2::::~: ~~~~ 
H.--- .--.--- .-.-.-.- .. --. { ~ ]~~ ~0~ I ;: I 1~~: ~~~ I 

TotoJ ____ ______ __ .. _. _ ________ . _
1
_ · - . __ . - -· ___ .,---2w _____ _ . _ .. 

1 
2oo, 2oo 40, 04o a5, zas 17i j 

~1.'0118. 

Total amount of bullion extracted <luring twenty- four honrs (weigh t of silver and other impurities being neglected) ._ 1M1 
It has already been seen (Table IV) that the smelting capaoity of the smelters in tons of ore is------ ---- . ---- - . ---- -- 700 
.A.lso, that the dally output of the mines is from 700 to 800 tons of ore, giving on an average .. -- --- _- .- __ -.--- .- ----- - - 750 
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Bullion production .- In Table IX are gi\en the amount and >alue of gold, ilver 
and lead produced at the different , melters in the month of December 1 0; al o ill 
the last column, the value of the total product for the year 1 0. 

TAllLE IX.-B11llionprocluctiou. 

Sil'l"er contents. Gold cout~nts . Lead J Total vnlue of 
Bullion coutents.

1 
product. 

sh ipments ;----- ---- - 1----,..----,..----1 
for De· I I I I cember, No. of Total To. of ToW I ForD · F or yenr 

1 80 ounce wei ... bt. Value. ounce weinht Vnlne. nlue. en ber 1 0 · porlou.1 o perton. ,.. · 1 • • 

1--,:-----'---~-
Pounds. Ounces. Ounces. I Ounces. Outues. 

American . . . .. .. . .. . . 380, 000 125 23,750 $26, 720 

1

...... .. ...... .. . . .... .. . . $17, 033 $43, 753 $200, 126 

Billin~t &Eilers ....... 

1

l,024,000 130 105,560 118,'755 ........ .......... ....... . 72, 693 19 1 , 4~ 2, 105, 701 

California.. .. .... . .. . 4-!1 , 720 197.5 I 43,73 49, 208

1

... .... ...... .. .. .... .. .. 1;;, 255 6~ , 463 7o2, 26 

Cummin " & Finn.... 553,500 367. 5 101 , 08 114, 534 .. .. . .. . . .. .. .... . . .. . . .. . 24. 621 ' 139, 155 I, 324. 213 

Elgin .. . .. .. . . .. .. . .. 1 7, 575 175 I 10, 407 18, 458 . .. .. .. . .. . .. . .. .. . . .. . . .. , 395 20, l:58 : 402, 430 

Gage, Hagaman &Co .. J None None Noue None ' ·.... ... ....... ... .... . .. None 213, 007 

Grant .. ............ .. . 1,180, 000 242 142, 7 0 I 100, 628 ....... .. ...... .. . 1 ...... .. 1 52, 69 21 3,326 i 4, 01 , 290 

~~t,., I ~~ :§:. ~~~ ~ :~m ~ .... ~· ~-"· · · ::!~ ,:':": ,:~r~ 

Smalter. 

Lizzie .. . .... .. ...... None None None I None ....... ... ....... T ... .. .. None 63,601 

Mnlta...... ... .. ...... 127,316 3. 7 5, 320 5, 985 1. 46 93.0 1, 800 5, 71 5 
1 

13,500 24, 362 

Onioand Missouri . . .. 157, 057 il27. 5 25,700 1 2 910 ... ......... . ... .. 1.... .... 6, n95 3;,oos 1 22,656 

Totals and average - J5.69.35lliil~1if563,18963Q,239~~--157.5 13.osof~ 91:275 i3,493;905 

SLAG. 

Fire assays of slag, macle by J. E. Harclman in March, 1 0. 

Lead. I Sil.-er. II 
I -----------1 

Pucmtage. Oz. to ton. Perce>~tage. Oz. to ton.

1 

I. 3 I Lend ville...... . .. 11.5 10 
4. 0 a Billing &Eilers ... 2. 5 a 

Do ........ .. .. 

1 

11.8 9 ! Do............. 3.31 3 
Califomir>..... . .. . 9.5 4.5 i American ... . ... .. ! 1.1 1 J 

Grant ..... .. ..... 13. 2 5 Do... .. ... ..... 0. 75 0 I 

La Pinta ........ . 
Do .......... .. 

Smelter . Smelter. Lend. Sll'l"er. 

Fire assays m.ade at the California smelter 011 California smeltet slag fron~ Februa1·y to May, 1880, by J. E. 
Ha1'(l1nan. 

I Lend, percentage .. ·I L 6 2. 5 1 0.8 1.6 2. 8 0. 7 1 1. 5 0. 2 1.4 2. 2 I SO< .. , '~- I L 0 0. 5 1 0. 5 0. 5 0. 75 • , I 1.0 0.5 I. 25 0. 5 

Lead, percentage . . . 2. 3 1.0 1.3 0.7 3.0 1.0 1. 6 2. 0 0. 5 1. 5 

Sil,·or, ounces. . . . . . . 0. 75 0. 5 1 0. 5 0. 5 1.0 0. 0 0.5 0. 5 0.5 1. 0 
I 

ilver assays of Malta smeltet slag, made by Robert Bunsen. 

Silver, from 10 to 17 ounces to the tou. 
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Fire assays of sla,Q, by Dr. Jlf. W. Ilea, made at G1·ant sn~elter. 

Smelter. Lead. I Silver. 

,-.--
PercnUage. Oz. to ton. 

G~a~t- .... . _ . . .... . .. 

1 

4. 5e a. oo I 
Billing & Ellers. . . . . a. 75 a. so 
Cumming & Finn.. 2. 00 4. 75 

The following table is of as ays of slag and of corresponding bullion, made daily 
by the writer at one of the Leadville welters, and represents the work done in eacll 
furnace in twenty-four hours. 

TABLE X.-Daily slag assays. 

May ao, 1 o ..... .. .. . 

Square fu rnace . . . 

Furnace 
No. Lend. 

Percentage. 
6. 7 

3. 7 

3. 7 

4. 9 

i\ver con-
U.-er. tents 

of bullion. 

Oz. per ton.l Oz. per ton. 
G. O 

4. ;; 

4. 0 

3. 5 
-----------------

A.- rnge . .. .. .. .... .. .. 4. 7 4. 5 314. 25 

May31, 1 0 ...... .... 1= 1
1
= 5. 6 = 6. 0 == 

June I , 1 0 .. .. .. . .. 

June 2, 1 0 .. .. .. ... .. 

2 2. 0 3.5 

3. G 4. 0 

3. a. o 
3. 7 4. 1 289. 70 

======= 1==,= 
G. 7 6. 0 

3. 7 

3. 7 

4. 9 

3. 5 

4. 0 

a. o 
4. 1 

:_ 1 5. 6 G.O 
'l 2. 0 3. 5 

34 1 ' 3.6 4. 0 

281. 57 1 

---1---3-_s_l __ ~ ----
Average .. .. .. .. 3. 7 1 4.1 j 266. G7 

===='==== ·======= 
uune 3, 1 so ........ .. . 5. 2 4. 5 

2. 0 3. 6 

3 3. 0 3. 0 
1.0 1. 5 

----------------
Average .... ........ .. .... -===2=. = l-== =3=.0=!==260,=.22= 

June 4, 1880 . ....... ... I 4. 0 3. 5 

2 2. 0 a.~ 

3 2. 5 8. 5 

2. 5 3.0 

Average .. ..... 2. 7 3.4 275. 60 
, ______ _,__ ___ __,,== = = ==, 
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TABLE X.-Daily slag ~ssays-Contiuued . 

Fnrnace 
No. Lead. ilver. 

1 su .. er con­
tents 

of bullion. 

------------- ------i-------1------ ------
June 5, 1880 . . -.... . . - . I

Pt rcentage. 
1 2. 1 

2 1 2. s 
a
4
l 2. o 

3. 0 

Oz. per ton. Oz. per ton. 
2. 7 
1.9 

3. s 
3. 3 

2. 6 2.8 .... .... . . . . A'i"erage . ... . - ........ . _ .. 
= = = =====,1====1 

Jnne S, 1880 ......... . . 

~ I 
3. 5 

2. 5 

3. 2 
2. 8 

_____ : I ___ !: ~ --- !: : -----
2. 95 2. 8 443. 85 Average . .. . . . . . ... .. . .. . . 

= = === ===1=== = 1 
June 9, 1 0 ... .. . ... .. 1 

2 

3. 4 

4. 2 1 

~. 1 

2. 
Pi 
2. 2 

A verage .. .... .. ~-:-:-:- ---~~ 2. 8 

JunelO, 1 0 .... .. . ... 1 1 6. 1 

4 2.5 3.85 

318. 90 

2 2. 5 I 3. 85 

A .-erage ........ ... .... _.. 2. 8 ~---4.6 ---322.'46 

J nne 11 . 1 0.... .. .. .. 4 3. 5 J 6. 1 284. 5. 

! June l 2, 1 0 .. .... .... 

11 

~ ::: I ::~ 

I 
4 4. 7 I 4. 1 

Average .... . _ .. 1 ~-:-:-:- ---3.7~---3.5~---278:0 

The above :figures how the influence of the numArou elements with which the 
smelter ha to contend. The influence of the head melter and of the furnace is indi­
cated by the fact that Furnace ..c o. 1 gives nearly always the lag riche tin lead and 
silver. The influence of t he ilvm· content of the bullion is clearly seen in the cases 
in which the richest slag corre pond to the riche t bullion. The overpowering in­
fluence of the compo ition of smelting charges i forcibly indicated in t he cases in 
which poorer lags corre pond to a richer bullion. 

Specific gravity of slag.--At Messr Cumming & Finn' melter the specific "'ravit.y 
of lag from each furnace i determined daily. It re ults from a very great uum ber of 
determinations made by the superintendent, Mr. MacFarlane, by mean of the Jolly 
pecific-gra.vity spring-balance, described in Section I, that the average specific gravity 

of lag varies between 3.7 and 3.8. 
Dr. M. W. lles ha obtained an average of 3.691 from a hundred determinations 

made on unusually :fine runs at the Grant smelter. -
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A.NALYSE XXV-XXIX.-.dnalyses of Leadville slag. 

J xxv.a I XA"'VLa I xxvn.a xxvru.a J XXIX .. b 

l-S-i-lie-a-.. - . -.. -.. -. . -.. -.-.. -.. -. . -. -. . -.- ~~~ 20.45 1 39. 100 30.200 28. 20 

Protoxide of iron ... . ... ... . 42. 20 3i. 11 3U. 0 r. 36. ISO 47. 07 

P eroxide of iron ........... . 9. 50 I 7. SS . . • ... ......... . . .... 

Protoxide of manJ!llnese . .. . I 5. 21 I 5. 20 5. 023 J 3. 13 

.A.Jwnina . ............ .... .. . 0. ~2 4. 29 0. 849 4. 293 

L ime ..... . . .... . .. .... .... . I 4. 50 I 8. 38 8. 300 22. 800 

Magnesia... . .. . . . . . . . . . . . . 3. 06 I 3. 23 3. 00 o. 14~ 
Oxide of lend ... . ....... ... . 6. 51 6. 19 I 2. 649 1 2. 355 

7.13 

0. 89 

7. 10 

3. 46 

5. 25 

0. 90 ulph nr ....... ...... .... . .. ~-~-~-l.l~ 0.018 

100. 92 I 99.28 I 100. 000 I 100.409 100.00 

I -----,--
Lead by fire M ay, per cent ,--4.5~~:-:-:-: 1~ 

1 il'l'er , ouncc tothe ton .. .. , 3.0 .......... , .......... ' 

pecific gravity ......... . ... 
1 

3. 8 , .. .. .. .. . .. ...... . 

1. 25 , .. ..... .. . 
1. 00 ... .. .... . 

3.58 .... .. .. .. 

a Des. bHardman. 
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old lag 

, i of a lag- now made at the 

iug-ulo­
iu tead 

Special researches on slags made in the laboratory of the Survey. -The word lag seem 
appr priate to d igll:tt tb trauO'e products which flow from the bla t furn ace 
during tlte proc of lead sm ltiuo·, The product are ometime rna se of large 
int r e t d cry tal , brittl , with a vitreou lu ter; sometimes fine-grained touo·l! rna e , 
with a dull fracture, bu always dark colored and opaque. On the other band, tbe 
word sco1·ire ought to be adopted for tran lucent or tran parent lao·s. Scori re are 
accidentally formed in th bla t fu1·nace , having been found by the writer in the 
a viti · of iron ows. There i no don bt tba.t they ar regularly formed during tile 

process of meltino·, but <\ol'e soon tran formed into slag, o that only slag .flow, from 
the fnrna 

A rough qualitative examination wa made of the corire found intimately mixed 
with irou ·ow ; the color wa that of pure blende; the w r tran lucent-alruo ' t 
trail parent-coutained uo ulphur, and con i tecl almo t exclu i\ely of silicat of 
protoxid of irou aud mangane e, with traces only of lime and mague ia. This acci­
dental product, which probably no one el e bas ever percei,ed in Leadville, afford '1, 

means of st ud yiug the na,ture of the rea tion which take place iu the blast fnruacc, 
and wllicll sucll accident aloue can reveal. 
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, Jan- are not corire. They do not b long to the tn) of gla e , iuce they ar 
opaque 1 and cry talliue. They are not artificial mineral , ince they contain large 
quantitie of ,ulpburets. Instead of belonging to orne w ll-known typ , the form 
one. It is only after a careful tudy of their nature and propertie that it will h po · 
sible to attempt to g·ive a ati factory definition of these produc . 

Properties of slag.~]. Pulverized lag treated with the magnet almo t alway 
bow the presence of a magnetic portion which adhere trongly to the magnet. A 
lag beautifully cry tallized in detached rhomboidal lamiure, with a teel-gray color 

and an almo t metallic lu ter, from the La Plata melter, could b eparated by the 
magnet into two portions. 

Part.~. 

A strongly magnetic portion, amounting to .. . ... .................. ... . ...... 38 
A feebly magnetic portion, amounting to....................... .. . .. . ...... 62 

100 

But a rough examination, both quantitative and qualitative, of the e two portions 
bowed no great difference in the composition, and the inve tigation wa carri cl no 

further in this directiou. 
2. Th~ am e lag finely pulverizecl2 and treated by weak ·ulpburic acid (acid 1, 

water4) i rapidly attacked. Sulpbureted hydrogen i evolved, showing the pre ence 
of ulphide ea ily attacked by weak acid . The lag is, moreover, thoroughly di in­
tegrated after a few hour . A large proportion of ilica, iron, lime, magne ia, man­
gane e~ aud zinc i6 eli olved. An unattacked re idue i l f ; it i treated with weak 
nitric acid, which di ol\·e orne ulphide of lead, formed eddently during the reac­
tion, for it ha, the a pect of artificial ·ulphide of lead formed in tbe wet way. 'fhe 
re 'd ue i then boiled with carbonate of oda which eli olve orne gelatinou ilica. 
Are idue i till left; it is attacked a econd time by weak nlphuric acid, weak nitric 
acid and carbonate of oda. It is interesting to ob erve that after each ucce ive 
treatment ulphureted hydrogen is evolved, bowing that tlle nlpbide are undoubt­
edly combined with ilica or with ilicates. After each treatment, ilica, iron, lime, etc., 
are di olved. The e treatment, are repeated until tbe re idue consi. t of intensely 
black fine, brilliant crystals. It is formed of pure magnetic oxide of iron, which is 
re olved into octahedra under tbe micro cop . This oxide wa analyzed; it con­
tained -

Protoxid<j, of iron. .. .. .. . . .. . . .. • • .. .. .. .. . .. . .. . .. . .. .. .. .. .. .. .. . .. . .. .. 40. 3 
Peroxide of iron . . .. .. . .. .. .. .. .. .. .. . . .. .. . .. . .. . . . . .. .. .. .. .. .. . .. .. .. .. 59. 7 

100.00 

Its formu la is F~09=3Fe0, 2Fez03, instead of Fes0a=2Fe0, 2Fez03=2Fe304, the for­
mula of ordinary magnetite. It contains one equivalent of protoxide of iron more 
than uormal ma.gnetite. In hematite has been een a magnetite containing an excess 
of peroxide of iron; here is fouud a magnetite formed in the midst of protoxide of iron 
and coutaining an exce s of thi~ oxide. 

1 The opacity of some slag · is uch that thin sections, prepared by Mr. Whitman Cross fOl' micro­
copicnl exaDJination, pro;ed totally opaque, even under the microscope. 

9 ifted slag is also very easily attacked by weak acids. 
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On probl m i olYe<l-the lags are magnetic, becau e they contain free mag­
n tite di eminated throughout their mas ; the magnetite i not combined, ioce it 
can be thu i olate<l in a tate of purity, and it i e\idently to thi sub tance that the 
inten e black color of lag i chiefly due. To thi nb tauce also they partially owe 
their opacity. 

Magnetite can be isolated by a proce s much more imple and more rapid than 
th one pre,iou ly de_ criued. ifted lag is attacked in a platinum vessel by a mix­
tor of weak nitric and b drofluoric acid ' ; the olution i decanted, there idue is 
treated wit.h a boiling olntion of can. tic pota h, ao<l thi re idue i~ wa bed with· water 
and weak hydrochloric acid. In a few minute pure magnetite is i olated. 

3. The pulverized lag is treated by a boiling olution of can tic pota h; aftet· a 
few minutes ebul lition tbe pota h i charged wit.h ulpbid of pota ium, and in a£ w 
miout morA it take the rich yellow color of per ulp!Jiue of pota ium. Onl,y one 
among the ·ulphide that can po ibly exi tin the lag its capabl of producing thi 
reaction· it i ulphide of calcium . The existence of thi sulphide, which ha long 
been u pected and often reported is demonstrated !Jer beyoud a, doubt. Wh th r 
all the ulphur of lag exi ts in the tate of ulpiJide of calcium is another que ·tion. 
That mo t of th ulpbur i in that condition tber i no doubt, but from the "'<'ueral 
b havior of laa th writ r i almo t inclined to think that mall quantitie of ' ul­
phid of ir u, mao an · , zinc, and nn lead exi t theTe al o. A great number 
of xp rim nt '' r ma<l to c rtain thi but in every ca e the pre ence of metallic 
ulpbid might b attributed to condary reaction , o they wi.ll not be de cribed. 

4. Tb pul,erizecl slaa i treated by a trong olntion of cold pota b. A con itl­
rabl quantity of o.sjd of 1 ad i eli olved · con equently tllere can be no doubt ats to 

tb tate in whi h I ad i't in lag . It i in the tate of ilicate of oxide . 
.:;: la contain nlwa • a little chlorine, whose quantity is proportionate to the 

uaotity of ilv r found; b nee tber i little donbt tl.Jat il er xi t in the slag in 
th tate fchlorid which ba e cap tl d compo ' ition. Tbi facti, important b can e 
it xplain why there i no relation b twe nth qnantiti of 1 ad and ilver found in 
·Ja cr. Tl.J lag in indi tin t but Jar cry tal bellaYe with reagents exactly lik the 

r tallin o11e · magn tit an be xtractecl by the proces es pre,ion ly 
de crib d but thi o -id instead of being cry tall in to the -e, form an apparently 
amorp.hou powder. Tile !lOU - ry talliue, fine- -rain d lags pos e the arne proper­
tie a th former. Th y ar mor ea ily attacked under the ame circum tanc and 
i ld onl • tra of mao·n tite · y t th ~ contaiu almo t a much p roxide of iron a 

th form r but in tbi ca p roxid of irou xi t in the tate of ilicate. 
Mo t slag iu Leadville belong to the two typ s ju t de cribed : the lu trou cry -

talliue lag known as acid lag, which may be defiued a a ilicate of sulphides an<l 
oxid colored by magn tite, and the fine-grained non-crystalline known a ba ic lag 
and which may be termed a ilicate of sulphide and oxide , colored by sulpl.Jide of 
iron. 
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Complete analyses of slags.-'Ihe writer made the following analyses of slags, which 
reveal a few points which had not been observed before, such as the presence of small 
quantities of carbonate of lime and of carbon: 

ANALYs~:s XXX, XXXI, Ai\"'D XXXII. SLAGS. 

Elementa1·y. 

Silica .. .... ................... .... .... .. 
Titanic acid ........ .......... ...... .. .. 
Sulphuric acid ...... ...... .... . ... .. .. .. 
Carbonic acid ......... ..... ..... . .. ... .. 
Phosphoric acid ...................... .. 
Arsenious acid .. ..... ....... ........... . 
Chlorine and traees Brand I (calculated) 
Sulphur . .... .... ... . ........... ....... .. 
Calcium (iu the state of sulphide) ..... . 
Sil.-er . .. . ...... .. ..... . .. .. . .. ......... . 
Gold . . ... ........ . ...... .. ............ . 
Protoxide of iron . ........ . ..... ... .. .. . 
Peroxide of iron ... .. .............. . . .. . 
Magnetic oxide of iron (Fe,O.) .. . .. .. . . 
Oxide of lead ....... ..... .. .. .. .. .... .. . 
Oxide of antimony ... . . ...... . ...... ... . 
Oxide of zinc ...... ........ .. .. . .. ..... . 
Protoxide of manganese ... . . .. . . . ..... . 
Subo:xide of copper ....... .. ........... . 
Lime . ..... . ...................... ..... . 
Mngoesia ...... ..... .. .......... ... . .. .. 
.Alumina . ........ .. ...... ... ....... . . .. . 
.Al.kaUes .. ...... .. .. ... ....... .. ... . .. .. 
Carbon ... ............................ .. 

Total ....... ...................... . 

XXX. 

29. 0123 
0. 5285 

None 
None 
0. 8788 
Tt·noe 
o. 0031 

1. 9110 
2.3 i 

0. V096 

Marked trace 
44.5226 

(a) 

2.9500 

6. 3138 
o. 0140 

1. 8040 
2. 8606 

None 
]. 9618 

2. 9814 

1. 8427 

Trace 
0. 0105 

100. 0024 

XXXI. 

aa. 845650 I 
0. 8~0000 ' 

Faint trace I 
Trace 

0. 657828 
0. 024147 

0. 004686 
0. 914418 

1.143022 

0. 014266 
Trnce 

36. 7 9600 I 

(a) 

3. 419000 

4. 326576 

Trace 
2. 353500 
4. 259378 

None 
6. 539400 

3. 671935 
1.1820CO 

Trace 
0. 034500 

99.999906 

XXXII. 

81. 10656 

0. 57300 

Trace 
Trace 

0. 82204 

Trace 
0. 00184 

1. 212n 
1. 59096 
0. 00562 . 

Trace ! 
84.40836 

2. 71000 
(b) 

s. 31746 

Trace 
1. 04100 
1. 15720 

0. 04950 

10. 28020 
9. 75340 

2. 83500 
Trace 

0. 07500 

99. 99991 

oin magnetic oxide. b Reported wi~h FeO and Feo<>a. 
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ANALYSES XXX, XXXI, AND XXXII. SLAG - Cont inued. 

Rationa l. 

1 
_ ______________ , _ _ x_x_x_. _ _ , __ xx __ xr_._ , xxxrr. 

Silic.'\ ... . ........ .. . . ... . . ... . .............. 29. 0123 33.845650 1 31. 10056 
'l'itanicncid ............ .. . .. ... .... .. .. .... 0.5285 0. 820000 1 0.57300 
Protoxide of iron . __ .. ____ . __ : . . . . . . • . . . . . . . 44. 5226 36. 789600 j 34. 40836 1 
P erox.ide of it on ...... ....... .. ....... .. . .. . None None 

1 

2. 71000 
Alnminn ...... ...... .. .. . .. .. .. .... .. .... .. J. 8427 1. 182000 2. 33500 
Lime .. .. . .. .. .. .. . .. .. .. . .. .. .. .. .. .. .. .. .. 0. 9221 5. 701126 9. 89919 
Mngnesia . .... .. .. .. .. . .. . .... . .. .. .. . .. .. .. 2. 9814 3. 671935 9. 75340 

Alknlies .. . .. . .. .. . .. .. .. .. . . .. .. . .. .. .... .. Trace I Trace Traco 
Oxide of zinc . .. .. . .. .. .. .. .. .. .. .. .. .. .. .. . 1. 8040 2. 853500 1 J. 041 00 
Protoxide of manganese... . ... . . . .... ... . .. 2. 8006 4. 259J78 I 1. 15720 
Suboxide ot copper .. ........ .. ............. None None 1 0. 04950 
Oxide of lead .... .. . .. .. .. . .. . .. .. .. .. ..... 6. 3138 4. 326576 , S. 31740 
Arsenious ncid . .. . .. .. .. .... ...... .. .. ... .. Trace 0. 0~4 147 T race 
Antimonioaa acid .. .. .. .. .. .. . .. .. .. .. .. .. . 0. 0140 Trace Trace 
Phosphate of lime... .. .. .. .... . ............ 1. 9185 I. 436103 0. 70305 

1 
u1phld of oalcinm .. .. . .. ... .. .. .... .. .. . 4. 2997 2. 0:.7440 2. 86373 I 
ulpbate of lime . ......... . .. .. .... .. .. ..... :None Faint trace Tmce · 

Carbonat~oflime .. ......... ........ . .. .. ... None Tmce Mnrkml trace ! 
Chloride ofsih·er, with ti'IIOOII AgBr,Agl. .. 0. 0127 0. 01 952 I 0. 00746 ; 

Gold .. . .. .. .. .. .. .. . .. .. .. . .. .. .. .. . .. .. .. Marked trnce Trace I Trace I 
Magnetic o hlo otiron We.Oo) . ....... ...... 2. 9500 3. 41 9000 (a ) 

Carbon . .. . .. .. .. .. .. . .. .. . .. .. .. .. .. . .. .. .. o. ul95 o. 034500 o. 07500 

Total ................... .. . .. . .. . ...... --w:-.~~ ~- 99990

000 

6 ~--993 .. 90:m 
Percentage of lead .. . . ...................... ~ "" "' 
Silver (ounces to the ton). ..... .. ....... ... . 2. SO I 4. 161 I 1. 639 
Gold (ounc'irs to the ton) about . . . . . . . . . . . • . 0 005 0. 0005 0. 0005 

a R eported with FeO nud F020,. 

MON XII--45 

I 
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No. XXX is the slag, in distinct detached cry tals, from the La Plata smelt r 
which has already been de cribeu in the reaction of slag . No. X XI i ·a ·a.mple of 
o-called acid lag from Cumming & Finn' smelter. This sampl wa mad of 12-l 

piece of lag, each piece representing the day work of one furnace anu ~p cim n 
from four furnaces being mixed together. 

No. XXXII i a slag of the singulo- ilicate typ , taken from the heap at Ie r . 
Billing & Eilers's smelter. 'rile e three specimens have alreauy been described in th 
inve tigation on the propertie of lag . 

Discussion.-A glance at the analy e shows: 
1. That the quantity of lead i in an im·er e ratio to the quantity of lime and 

magnesia exi ting in the tate of silicate . 
2. That there is no relation whatever between the quantities of lead anu of ih· r 

left in the slag. This wa shown al o in the a ays of ·lags from variou ource 
already gi,en. It is rendered very apparent in au a, ay of another lag from Billiug 
& Eiler 's melter exactly similar to No. XXXII, whieh wa examined ver carefully 
by the wet way for lead and assayed for ilver. It contained 2.9- per cent. of lead 
and 0.5833 ounce of ilver, while No. XXXII contain lead, 3.07 per ut.; ilver, 
1.()3() ouoc s. 

This can carcely be otherwi e . iuee lead exist in the lag in the tate of combi­
nation and si lver in the ·tate of mixture . 

.r one of the lag analyzed contain any baryta, but, a thi ubstance ha been 
found in orne of the lead fumes conden ed in the du t-chamb rs, it mu t be inferred 
that orne of the Leadville lag contain baryta. 

The slag were ex::~ mined for chromium, tung 1 en, and \anaclium but the presence 
of the e metals could not be detected . 

Titanic acid could not be detected by the cla · ical method . The proce n eel 
. with succe for its detection and e timation wa tl.J following : The lag i lli , ol\ed 
in a mixture of hydrofluoric, hydrochloric, and ulphuric acid , in a. platinum Ye el, 
and the whole eYaporated until ulphnric acid goes ofl' in fume (tbi to expel si lica) . 
The product, di . oh·ecl iu water, is treatP.d by an exce of ulphnreted hydro..,.en to 
pl'ecipitate any lea<l wbicb might remain in solution. The olution i tilt red and then 
boi I fl for the expul ion of nlpbureted hydrogen, and then l>rougb t as nearly as po ible 
to the neutral point by an alkali. Alumina and titanic acid are then precipitated by 
!Jyposulphite of soda, and eparated and estimated as n ual. With the exception of the 
preliminary operation needed for tbe preparation of the olution, the process is the 
oarno as the one which ba been recommended in the analy is of hematite. The quantity" 
of titanic acid in the hematite i in nfficient to account for tb relatively lal'ge propor­
tion of tbi · acid in the lags. In all probability the oxide of iron of the lead ore con­
tain thi sub ·tance, but orne small quantitie of titanate of lea<l may al o exi ·tin 
the ore, although tl1i. mineral i not· known to exi t. As has previou ly been stated, 
be lags from the Little Cl.Jief smelter were examined very carefn.lly and only doubtful 

trace of titanic acid were detected. 
Careful experiment revealed the pre ence of carbon in the lag, but it is uot 

known yet in what state it oecurs there. Two hypotheses are acceptable : either car­
bon exists in tho state of graphite, a very ea ily mixed 8nbstance, and one which com­
bines, so to speak, crJ·stallographically, as inca t iron, for instance, or else in the state 
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of carburet of iron; it i po "ibly part of the carburet of iron of the iron reduced in 
the furnace at a certain tage of the smelting operation, and sub equently fluxed clown 
by , ulpltur, arsenic, and ilica. That carbon i thus liberated there is no doubt, for 
th writer bas been able to i olat graphite blown off with the leatl fumes in the cham­
ber-<lu t. 

trange a it may appear, there i no doubt whateYer about the presence of small 
quanti tie of carbonaJe of lime in the slag. This quantity is undoubtedly proportionate 
to the rapidity witb. which the furnace i run. 

The large proportion of pho phate of lime in the slag, derived from the pyro­
morphite of the ore, is one cf t.he cau e of it opacity, it being well known that 
pho pbate-of-lime glas e are opaqne. The pre ence of large quantities of ulphide 
of calcium in the cry talline portion of tbe lags i another very clear indication that 
nlphitle of calcium i really combined with the ilicate , either chemically in the 

state of snlpbo- ilicate, or po sibly cry tallographically. 
Although we are in po ses ion of a good many facts relative to slags, it seems 

nece sary to postpone an attempt at a rational definition of the e products until we 
have examined the mattes of Leadville. (See ob ervations on matte , and final defi­
nition of lag.) 

Assays of slags made in the laboratory of the Survey.-Jn Table XI is given the fol­
lowino- information cone ruing the lags collected in Leadville and a ayed in the lab-
oratory of tb nr' s: 

n ion. 

hnracter of tho l:lg. 
olor of the powdered lag. 

- . R mark n to wb th r L!Je slag ar normal or acci!lont:tl. 
6. nmber of Hpecim n mix d for a ay. 
7. Places where tb lag wore collected. 
'. Portion of th oakes from which tb pecimen wer la'lken. 

9. A~ ny of th slag in ilv r, ounce to tbe ton. 
10. A ay of tho In in golci, onnoe to tb ton. 
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TaBLE XI.-.d ssays of slag. 

Where from. I CbaracU!r of specimens. 

------·----------~---------------

Part of slag-cake, &c. , General composition. Name of smelter. Part of works. 

1 A.merican . ... . .. . .. ..... ... .. . Sing-heap ........ : · ........... . . . .. .. . Core of 11ake . ....... . . Normal. 
2 . . .. . do ... . ... .. .... . ..... . .... . .. . . do . .. . . .. . . ........... .... ..... . . Slag-cake ... .. .. ..... . !\..ccldental. 
3 . . .... do ..... .. . . . ... . . .. ... ... .... . do . . .. . . . .. . ...•....... .• .. .... .. ... . . .Jo . . . .... . . . ..... Normal accident. 
4 California . . . ... ........ .... . ... .. do .. . . . . ... . .. . . . . .. ... .....•. .. . Coreofcake . .. ... . ... Normal . 
5 .. .. . -do .. . .... . .... . .. . .. . ... . ...... do . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . Detached pieoes . . . . . . Accidental. 
6 Cumming & Fino . ... .. . .. ..... .. . . do .. . . ... .. .... .. .. . . . . ... ... ... . Core of cake ... ....... ormal. 

.. .. . ."do . .. . . ... . .......... ... . Laboratory . . . .. .... . . . . .. . . ...... ... .. .. . .. do. . ... . . . ... .... Do. 
8 Elgin . . .. ..... . . . . . . ... .. . . . . . Given by superintendent.. . . ......... .. .. . . . . . . . . .. . ... .. . . . Normal accident. 
9 . . . . . . do .. . . . .. .. . . .... . . . .. .. . ' lag-heap . . . .... . . . .. .. . . . .. . . •....... Core of cake .... . . .. .. Normal. 

10 Ga"e,Hagaman&Co ... . .. .. . ..... do . . . . ... . . .. . . .. . .. .... ...... . . . .... do . .. . . .. . . .. . . . . Do. 
11 Grant ..... . .. . . . . . ...• . .. . ... . New slag-heap . ....... . . . . . . . . •. ... . .. Cakes . ........ . ..... . Normal ; new slag. 
12 . ••••. do . . . . . ..•.. . .• : ..... .. . . . . . .. . do . .. . .. .. . . . . . .. . .... .. . . . .... . . . . . . . . do ....... . .... .. . Do. 
13 ... . . . do . . . . . . . . . . • . . . . .. . . . . . . Largosqnare furnace, running too fast . Tap-bole . . . ........... Do. 
14 ' .•• . . . do . . . . . ....... .. . . ...... . Small rou n!lfu rnace, running welL . . . ..... . do .. .... ... . .. . . . Do. 
15 .. •. . clo . ..... . . .. . .. .. . . ..... . Old sla)!-beap ..... ... ...... .. . . . . . •... Cakes .. . .... ... ...... Normal ; old slag. 
1G . ••• • • ao ..... . . . ... . .. . . .. . .. Slag-pot .. . ... . . .. .. ... . . . . . .. . .. ... . . Sbell ofcake .... .. . . . . ormnl ; o wslag. 

~ ~ -~g :. ~ ~:·:F:'o<. . . . ~~~:~:~•• · ~::1f•oo;doo< 
2 l Leadville . .. .. . •. . . . . . ... .•. . . . . .. .. do . ... .. .. .. . . .. . . .. . . ..... . . .... .. . . .. do . . . . . .... . . . .. . Do. 
22 Littl eChief . . ... .. . . . . ... . .• . . . .. . . do .... .. .. . . . . . . ...... . .. .... . . ... .. ... do .. . .. . ... .. . . . Do. 
2:! . .• . • do . . .. .. . ... . . . .. .. ...•. .. ..... do .. . . . .. , . . . .. .. ... . .•....... .. . Detached piec s ... . . . Accidental. 
24 Malta . .... . . . .. . .......... . ... ...... do .. . .. . .. . ....... . .. . . ... .. . ... . Cakes . . ......... . . ... Normal ; old slag. 
25 , Ohio ami Missouri . .. .... . . . . . ...... do ........... .. ...... .. ..... . . . . . ..... do .. . . . ..... .. . . Normal. 
26 . •••• • do . . . . . . . . . . . . . . . . . . . . . . . Large furnace . . . . . . . . . • . . . • . . . . . . . . . . Tap-bole .. .. . . .. . .. ... Do. 
27 i Raymond, Sbe.rman & McK ay. Slag-heap . . .. . . . .. ...... .. ·: . .. . ...... Core of cake. . . .... . . . Do. 
2 Billing&Eilers .. . . .... . .. . ... . .. .. do .. . . . .... . .. . . .. .... . .. . ..... .. Sbellofcake . . . . . ..... Normal, dolomitic old 

alarr, 
29 . .•• •. do . . .. . . . .. .. . . . . . ... . ... Smelti.ng charge ... •. . .. ... . . .. •• . . ••. . . . .. do . . ... .. . . . .. ... Do. 
30 . ••• • . do .. . ..... .. . .. . .. . . .. . .. Slag-heap ... . . . ..• . . . • . . . .. ....... .. . . Core of cake . . . . . . . . . . Do. 
31 . . ... . do .. . .• . .. ... . ....... .. . . Furnaoe .. •... .... . .. . . · . . • . . •. . ..• . . . . Tap-bole . .. .. . ... .. .. . Normal. 
S~ . .... . do .. .... . • · . ... . .. .. . . . . .. Gi,-en by A. Eilers .. . . . . ... ••. . .. ..... Shell of cake...... . ... Normal, 

slag. 
93 .••• •• do .. . . ... .• ..•• . •. • •. ... .. . . .. . do . . .. . . ...• . .. . ... . . . .••. . ...•.• Interior of cake .. . ... . Do. 

Do. 
Do. 

34 . •• • •• do .... . •. .. . • . . . . .. . .. . . Slag-pot .. . . ..... .. ......... ... •... •..• Topofcake . .. . . . . . . . . 
:r.; j·· ·- -- do . . . . •. . . .. . . . ...... .. . . Sameslag-pot .. .... • .. . . . .. . .••• ... . .. , I oteriorofcake .. .. ... , 

calcitic n e w 
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TADLF. XI.-.dssays of slag - Continu e d. 

I 
Character of pecimens. 

I Cofo"f '"'~ I No '"""'' mensm1xecl. 

Assays. 

External nppenrnnce. Sil<"er. Gold. 
I 

Compa~t ; flue-grained , with dull fractu re . ...... . ......... ..... Grnyi;; h ... ...... .. 
Minute prismatic crystals ...... ... ............ 00.. .... .. . .. .. . Yellow-white . ... . 
Large Jamdlar crystals ........... 00. .. ... .... .. .. .. . • .. ... . .. Yellow-gray . .. .. . 
Fine, compact, and indistinctly crystalline . .. .. .. . .. .. .. . .. .. . Gray-black . .... .. 
Acio•IIar ... .. . ..... . ... ..... .. ....... 00.. .. .. . .. . .. .. .. .. . .. . .. Yellow-gray .... .. 
Vitreou ; large indistinct cry tals. .. .. .. .. .. .. .• . .. . ... .. .. . .. .. do ....... 00 00 .. 

Vitreous ; cry talline;alsocompact ........ .. ..... . ....... .... Gray-blnck .... . .. 
Large <listinct lamell ro . .. .. .. . .. . .. .. .. .. . . .. .. .. .. .. . . .. .. . .. Gray-yellow .. .. .. 
Compact ; fin -grain ~d .. . _ .. . _ .. ~--- - .... oo .......... ... ......... l Blnc~isb .. .... .. .. 
Vitreous ; compact aml tmhsllUotly crystalline . .. . .. .. ... .. . Gray1 b .. 00 .. .... . 

Vitreou ; large indistinct crystals ...... . .............. 00 ...... Gray-yellow .... .. 
Vitreous; distiMt CI'ystals ............ . .... ....... .. .. ......... .. . do ... ........ .. 
Vitreous ; indistinct crystal .. ... ..... . 00 .. . . .. .. .. .. .. .. .. .. .. Gray-black . .. .. .. 
.... .. do .. ............... .... .. .. . .... 00 .............. .. .. . 00 .. . .. do . .. ... . . ... .. 
Vitreous; compact. ...... . ......... .......... .. . . .. . ..... . ..... Grayish .. ...... .. 
Vltreou ; indis tin t crystals 00 . .. .. 00 ...... ... 00 00 .... .... 00. Gray-black ... 00 

.. .... do 00 . .. .. ... ....... . ..... .... ...... .. . . ............ . .. .. . .. . do ......... .. 
Vitreous ; comJBCt nod indistin tly crysta lline ... .... ... . .. .. . Yellow-gray .. .. .. 
Distinct lamellar crystals . .... .. ........ .. ........... .. .. ...... ... do ... .. .. .... .. 
Tnd ist inctl,r ry t·a lline and compact ........ .. . .............. . ... do .......... . .. 
~cry den e, mott lecl, dull, non-cry tnlli no ...... . .......... .. .... . . do .. ... 00 .... .. 

Vitr ous ; indi tinct cry tal oo., .. .. oo .. oo ... oo .... . ... .... oo ..... . do .. ....... 00 .. 

rystalliu ; looks liko bornbl ode ..... . . 00 .. 00 . ..... .......... . .. . do ...... ..... .. 
Vitr ous; large, i.ndislinct crystals ....... . .. ... ......... ........ . do ....... .... .. 
Vi tr ous ; ind i tin tly crystnlliu and compact ........ .. ..... ..... do . .... .... .. .. 
Compa t ; ,·itreous .... ...... ..... .. . ... . .. . ........ . ... .. .. ... . , Brilliant. black .. .. 
V itt·. ous ; imlistinct crystnls .. .... ..... .. .. ....... . .......... Yellow-gr&y .... .. 
(.;ompa t ; flne-s;rrained ; dull fracture . . . .. .. ... ........ . . .... .. Grayish . . . ...... .. 
.... .. ,lo ....... ...... .. .. .. .. ... .... .. . .. . ...... .. ........ 00 . . ... . . do .00 ... .. ... .. 

. ... .. c)o . 00.......... . ........ ............ . .. .. .. .. .. .. .. .. .. .. Y llow-grny .... .. 

.... . <lo ... . ....... .. .......... ... . ............. . .......... . ... Gray-black ..... .. 
LuRtrous ; indisti n t rystnls . .. . ........ ....... .... . ...... : ... ... clo .... . ....... . 
Distinct prisma t ic rystals . .. . .. . . . ... .. .. .. . .. . .. . .. .. ..... .. Gray-whit e . .... .. 
Lnst rou ; indisti nctcrystals ... .. .... ... .... . ... . ...... ... ... . Gray ......... . . .. 
.. .. .. do ....... ...... ........... ..... .. .... . .... . ..... . .. .... ...... do ........... .. 

Ozs. to ton. 
1. 8569 

0. 95 

1 0. 73 

2 0. 670 IS 

0. 7G 

6. 17347 

124 4. 1G1 

1 0. 6 

2 4. 9!9332 

2. 24 

5. 0 4606 

4. 2 

4. 6 

2. 7 

2 a. 1 

2. 015 

1 2. 5!5 

2 1. 85 

2 2. 8 

2 1.4 

1 10. 05 

1 1 3. 90 
1 4.44 
2 G. 22 

3 2. 78 

1. 72 

I 4. 52 

1 I o. 554 151 

0. 5833 

J. 639 

0. 0~ 
9 I 1. 47 

8 0. 60 

0.15 

0.36 

Ozs. to ton. 
Faint tr-ace. 

Do. 2 
None. 3 
Faint trace. ' 
N one. 5 
Trace. 6 

Do. 7 
Fain t trace. 8 

Do. 9 
Do. 10 
Do. ll 

None. 12 
Do. 13 
Do. 14 

ain t trace. ' 15 
Trace. I G 

Do. 17 
Do, 1 

0. 005 19 
Trace. I 20 

Do. 21 
None. 22 

Do. 23 
Trace. 24 

Do. 2.; 

None. 26 
Trace. 2i 
Faint trace. 28 
None. j ~g 
Fainttrnce.

1 
30 

Tone. 31 

Do. 32 

Do. 33 

Do. 34 

Do. 35 

NoTR.-!"J ~ iruens 10 and 17 were specially prepared by Dr. l\1. W . Ties, and specimens 34 and 35 hy Mr. A. Eil r ~. 

The slag represented by numbers 32, 33, a4, nod 85 bas been analyzed by D r. Ties (see Analysis XXVIm . 
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Discussion.-Smelting is conducted o methodically in Leach·ille that wh u th 
writer collected the pecimens of lag it was done at random, inc h felt om·in eel 
that the examination which he was about to make would onl furni h a iditional proof 
of tlle admirable method employed; but tlle preceding table how that b wa greatly 
mi taken in this anticipation. Laying a ide accitlental lag , and cli en iug only tb 
normal one found by thou and of tons on the r fus · lag heap, i i found that at. 
the Grant melter, for instance, the cornpo ition of smelting charge hn b n alt r d 
from the singulo· ilicate type to the acid type, and with what r ult The old lag­
heap and the new lag·heap are e\eral hundred feet apart-the fir. t imm diat ly in 
front of the furnace and the econd out ide of th work at the bottom of alifornia 
gulch- o that a mistake on the writer's part in tho coil ction of tho pecim n wa 
impossible. "o'"", Table XI how8 that tlle new lag, "o. 11 contain 5.1 ounce of 
sih·er, while the old slag, o. 15, contains only 3.8 ounce ; and at the e work it i tll 
poore t lag that i re melted, while the riche t i carried away to an almo t inacce · i­
ble , pot. t Me rs. Billing & Eiler ' rnelter tlle same i remarked. It i the poore t 
slag, o .. 29, containing only 0.5 ounce of ilv r, that i re melted, while the riche t, 
No. 30, containing more than tllree time a much silver, or 1.6 ounce, remain on the 
slag heap. The compact,fine-grained lag which represent lag ofthe in gulo- ilicate 
typ , ar Oll.'pi ' uou throughout Tabl I for th ir low on t nt. in ilv r, nnd :r ,t 
we ee two of the large t melter~ , those of Me r . Cumming & Finn and Grant, 
adopting lag of the acid type, containing four and ix ounce of ilver, like No . 7 
and 6 and four and five ounce , like os. 12 and 11. 

The blame for tbi belongs somewhere, and it is probable that the operintend­
ents are constantly mi led and mi guided by the a ayer , clliefi5 for tlle reason tllat 
the scorifi.cation proce is not to be depended upon in the a ay of lag and that the 
crucible proce ought to be substituted for it. The cleare t result of an in pection of 
Table XI is that there i no relation whatever between either the appearance or e' n 
the cornpo ition of lag and it contents in silver, and that smelter ought to giv pe­
cial attention to tbe assa.y of these products. 

The proces of shelling out the lag, which has been de cribed in melter 0, 
induced the writer to make a few experiments on the distribution of ilver in the cake 
of sla()', and specimens 16 and 17 were prepared specially for this purpose from the 
same lag-pot by Dr. ~1. W. Iles. The shell, o. lo, contain 2.6 ounces of ilver aud 
the poured-out portion 2.5, showing a difference of one· tenth of an ounce in faYor of 
the bell. The difference is much larger between the top shell and the poured-out 
portion, a i shown by specimens 34 and 35, prepared pecially from the ame · lag­
pot by Mr. A. Eilers. The top shell contains 0.15 ounce sil\~er a,nd tile pour d·out 
portion 0.36 of au ounce. These two experiments seem to indicate that during the 
proce s of cooling the chloride of silver, which is only mechanically mixed in the lag, 
settles, in virtue of its higher specific gravity, by means of a sort of liquation. 
Specimens 32 and 33 point out the same results. The outer portion of the cake ' of 
slag, in indefinite cry tal·, assays 1.47 ounces, and the di tinct crystals, forming the 
inner portion or core of the cakes, 0.6. There can be no doubt about these re ult , 
since the crystal were detached from the outer portions immediately before a saying; 
nor can the cliiferences be attributed to the presence of traces of bullion, for"iu no 
case did the slag contain even a trace of metallic grains. These re ults were not sus-
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pe ·ted by tlJC smelter wLo 'lere under th imprcs~iou that there was no differeuee 
between tu t1iffer nt part~ of the same cake of lag, aud who used the ingeniou 
proc of belling out as a conY nient ,,.ay of breaking up tbe lag in mall pie e 
h fore r melting. 

A comparison between <pecimen 2 , 29, 30, and 31, or dolomitic slags, and peci­
mcn 32, 33, 34, aT 1cl 35, or calcitic lag, , bow tLat both kiucl of slag contain en­
ibly t lH\ arne amount of il\er. 

OHAl\lllEl~-DUS'l' . 

Th flue and chamber un t· of Leadville is alway in tbe form of a eoar r ddish 
or bla ·ki ··b powder and full of Yery small particle of charcoal and coke. 

\ ery little ha been done in Lead\ille witll regard to a thorougb exami uatiou of 
t!J e product , anu all tbe info rmatiou which could be obtain d b ar on t!Je e tima­
tiou of lead and silver, and occa ionall y of silica and iron. In tb A following tabl i 
couden ed uc!J information a coulu be obtained: 

TABLE XII.-Assays ojchmnber-dust. 

1\1. W.lle . 
Do. 

Th. Flucgger . 

I
I UJelter. Lend. 

------1--

1 
Per ce-nt. • 

Cnliforui . . . . .. .. .. ... 3()..35 1 

I 
~~::~":~~- ~ -~~~~- :::: :,. 40-:~ 
Grant .. ... .. . ......... 28 

· Grnnl ................. 

1 

20-28 
I Uarrison ...... .. ..... . 4()..50 

La Pinta .. .. .. .. .. .. .. a0-40 

Sih·er. I ilicn. I Iron. 

0z.~~;;· r --~~~-~~~~. ___ ,-.. -_P-~--,-c--~-~~~--- -.. '-J- .-E-. H_a_r_d,-n-nn- . 

5()-l:~ / .. . .. .. .. ~~ . .. ' ..... ... ~~.. .. Hadel berg. 

34~~-
7

, ....... .. ~~:~. ,1 .......... ·. ~ . 
3!>-40 .......... ...... .... .. .. .. .. 

40 ............ .. .. .... ....... . 

As aycr. 

:~·5 1 ... . . . . ·- 1~-- ~ . ... ... . ~~:~. 1\1. W. lies. 

J()..2b . ... ......... '!' .. .. ........ . 

Lilli Chief ........... 26 

I o~:~.~~~- ~--~~~~~::::: 1~~ i 
ln the de cription of a ll rn lter th amount of flu -dn t c ... ught aud the metllod 

of treatm n of flue and cllamber du t hav already b en gi,en. 
Analy i .- n examination of tile flu e and cbamber du t of the bla t furuace of 

Geaddlle afford d ucll a fine opportunity ford tecting rno t of the sub t~tnce di -
. emiuat d in t!Je camp tllat the writer arried on quite exhaustiY re earc!Je · on the e 
products, and in order not to let anything cape he treated the du t with boiling 
wat r and made a car ful analysi of til e oluble portion, tbc,n a careful examiuation 
vf tlle portion olubl in acid , and Ia tly a complete analy i · of tbe portion insoluble 
in aci<l . Tb results tbu obtained aro x:tremely complicat d and pre nt an unnat­
ural app aranco, but uch a they are tlley gi ,·e a clearer itlea of the form under wbich 
the ditl'ereut corupounds oxi t in tho fumes, and of tho reactions to which tl1 .Y owe 
their origin, and no attempt wa made to Rimplify the r port . 

Tb labor xp ntled on the examination of the lead fumes was r warded by t !Je 
di covery of a 11 w metal which appea r to be distribut d widely, tbougb pariugly, 
throughout the camp. In th elem ntary aualy es the eartlly and alkaliue metal in 
combin~tiou with m talloW · ot!Jer than oxyo-cu ha,- been reported iu the metallic 
stat . 
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Analy is o. xx:x:rn is that of a sample of chamber and fine du t from the Ohio 
aml Missouri smelter. This dust had a rerldi&h-bro"n ting~ due to peroxide of iron. 

Analysis No. XXXIV is that of a mixture of equal part of flue and chamber uust 
from the American, California, Cumming & Finn, Grant, La Plata, and Billing & 
Eilers smelters. The sample thus formed had a blackish color, clue chiefly to fine char­
coal dust. 

fu'<ALYSES L'{XIII AND XXXIV. CHAMBEH DUST. 

E lenumta1·y. 

I ______________________ ,
1
_x_._x_XI __ rr_. I xxXJv. 

Lead . .. . ... . . ..... .. .....•.. ... .• .. . 
sn .-~r ..... ... ...... .. ....... .. .... . 
Gold .. .... . . .. •. ..... . . .. .. ... . .. . .. 
Bi muth ... . .... . ..... . .... .. . . . . . . . 
Copper ... .. ....... .. ... .. ......... . 
C~<lmium ... . .. .. ... . ... ... .. . .... . . 
I ron . . ... ............ . .... . ... .... .. . 
Manganese . .. ... .... . . ..... .....•.. . 
Zinc .. ... ... .. . . . .... . .. ..... . .... . 
Arsenio .. ........ .. .. . . . ... . ... .. . . . 
A..utimony . .. ..... . ... .. .... .. .. ... . 

Tin .... ........ .. . .. . ..... ..... .. .. . 
Aluminium . ...... .. ... . ... .. . ..... . 
Calcium ... .. .... . . ... . ... ... ..•... . . , 
:lla;rneRmm . .. ..... . .. . . . .. . ...... . . 
Pot:~ ssium .. ... .. ... . .... . . . .... .. . 
Sodinm ......... ... . ..... . . .... . ... . . 
.A·lumim• . .. .. . .. . . . .. .... .. ..... .. . 
Lime .. . . ... .. . .. . .... ...... .. .. . ... . 
Magnesia ... .... . .. .. .............. . 
.AJ.Oa, FP20s, PbO, ZnO, CnO, MgO, 

fuO, Nn20 (combined with SiO•>· 
Water .. ........ ...... . . .. ......... . . 
Sul phuric nci<l . . .................... . 

25.535772 

0. 13023?. 

0. 000100 

0. 013460 

0. 003992 

0. 017500 

16. 065305 

I. 47 780 

3. 311400 

0. 17671 5 

o. 0 560 

0. 0011 0 

0. 011300 

0. 235420 

0. 022000 

ry_ 026000 

0. 175000 

1. 955000 

4.197600 

0. 835119 

2. 391447 

0. 585000 

2. 041850 

38. 620520 

0. 121~00 

0. 000066 
0. 090610 I 

0. 099000 

0. 012200 

13.340060 

0. 598615 : 

~: ~:~~~ ~ 
0. 0 7i40 I 

0. 0011 0 

0. 003000 

0. 2247CO 

0. 020900 

0. 071000 

0. 114000 

2. 627000 

a. 214880 

2. 275000 

0. 912500 

2. 440820 

XXXIIl. XXXIV . 

Carbonioaci<l .. ..... ..... ......... · 1. 993000 3.17120 

Pho phoric acid .. . ........ ..... .... 0. 185484 0. 487400 

Titanic ncid.... ...... ........ .. .. .. 0. 00 000 0. 035000 

iii en (from slag an <I silicate of lead). 15. 126553 9. 704500 

ilicn (from quartz nn<l r frnctory 
silion t.es) .. . .. . .. . . . .. .. .. .. . .. .. 2. 407000 3. 7 0000 

0XJ"6D ....... . .......... .... . ..... 8.97230 7.91995 

Sulphur .. ........ ...... .... .. ...... 0. 444300 I. 174000 

Selenium nncl tellurium . .. .. . .. . . •. Traces Uarke<l 

Cblo,;ne.. .. .. ......... .. .. . .. . .. .. I. 321660 

Bromine. ....... ... ................. 0. 244530 

Iodine...................... .... .. .. 0. 012660 1 

Carbon (coke, cbnrcoa.l, ,l!rnphite)... 9. 240000 I 
~:~~~:·. ~~-~1~~~--~-~~-~-~~~-- ::: :: : .... ~~~--
P otash .. ... . ... ........ . ....................... 1 

trace 
1. 200490 

0. 242330 

0.0120 0 

. 063000 

Traces 
0. 215000 

0. 035000 

Soda .......... .. ... . . .... .. .. . .. . .. . ... .. .... .. o. 0250oo 
Graphlte. . .............. ...... ..... .. .......... 0.665000 

Lo s .. ... ... ....... .. ... .. ... .. .. . . O. l£0700 ...... ..... . 

Total.. . .. ...... .. .. .. .. .. .. . 100. 000000 100. 003516 

Silver .. ........ . .. .. ounces to ton.. 37.984 35. 349 

Gold ... . .. ............... .. do .. ... 0. 03 0. 01925 
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AN AL Y SES XXXIII AND XXXIV. CHAMBE R DUST - Continued. 

RaUona.l. 

xxxm. xxxrv. XXXIIT. 1 XXXIV. 

Portion soluble in toater. 

Protosulphate of iron ...... .. ...... .. 
ulpbl\te of manganese ...... .. ..... . 
olpbnto of zinc ..... .... .. .. .. . .... . 

Oxychloride of lead ... . ...... . .. .. .. . 
Ox~· bromide of lend . ... . ... . ... . . . .. 
Oxyiodide of! acl . ...... ....... . .... . 
Chloride of calcium ... . ............ . . 
Bromide of calcium . ... ............. . 
loclido of ralcium .. .. .... .......... .. 
Chloride of zinc . ...... . ...... .. ..... . 
Chlot ide of aluminium ........ . .... . . 
Chloride of magnesium ............. . 

o. o 6500 I 
0.145000 

0. 020200 

0. 255850 

0. 055000 

0. 003000 

0. 553000 

o. 175000 

0. 009000 

0.120000 

. 0. 055500 

0. 000000 

Por ticn soluble in acids-Cont'd. 
1---------------------1------

0. 001500 ,. -- 0. 001500 

Trnoo M:nrked 

I 
0. 014700 Oxide of tin ...... ... ..... .. ...... . . 
0.158020 , Selenions and tellurons acids .... .. 

.... .. ...... tmce 
0. 206310 Oxide of copper".... .. ........... . . 0. 005000 I 0. 012400 

o. 045400 Titanic acid........................ o. 008000 o. 034000 

0. 002990 1 Alumina . .. .. .. ............... . .... 1.955000 I 1.620000 

0. 523300 Carbonnte o'flimo.... . ............. 4. 529600 5. 473000 

0. 174660 Limo ... .. . .... ......... .. oo.. .... .. 1. OG1024 .. .. ....... . 

0.00 '1 0 }.Jagnr in . .. .. ................... 0. 35119 1.303000 I Carbonate of mngne•i~>.... . ....... ------- _r. 464000 

Total. . . ...... . . .. .. ........ .. 67. 699450 74. 677936 

Caustic mognesil\ . . .. ... .. ... . . .. .. . 0.150000 Portion insolublll in acids.' 

Chloride of potassium · .. .... .. .. · .. · 0. 050000 ilicn (from sing nndsilicnteof lend) j 15. 126553 

Chloride of odium· .... ·.... .. .. ..... 0. 4500°0 ilicn (from quart z nn<l refractory 
Water ......... .. .. . 00.. .. ..... .... .. 0. 5 5000 0. 912500 I ilicntes) .. .. ............. ...... .. I 2. 4o7000 

Total. .............. . .......... ---2.- 030501 2. 8833 I.Os. Fe.Os. Pl>O, ZoO, MgO, CaO, I 
Portion soluble in acids. ----- -------~~ K-.0. KntO (combined with i0>). 2. 391447 

Carl>on (from chorcoa l, coke, and 

1 

xi do of lend.................. .. .... 17. 16661 22.451750 1 · ) 9 24oooo 

II 
grop nte .. . ......... .. ... 00 .. .. . . 

nlvbAtc of leo<l .... . .......... .. 00 .. 7 95l000 . 9 730 Oxi!lc of lead .......... ..... ...... .. ......... .. 
Phosphat of lend ...... 00........... I. 05934 2. 1 000 Oxide of zinc .................. .. . .. .... . ...... . 

ulphitle of lend .... 00.... .... .. .. .. . l. 255000 . ~15000 rseniou acid Mel oxide of anti· 
Cl1lorhlo of lead . .... .. .. .. .. . .. .. . .. i. 726700 l. 725620 

1 
mony. 

Bromide of lead .. .. .. .. .. . .. .. .. .. .. 0. 1 o790 0. 1 50 0 Barsta . ........ . ....... .. ...... .. .... .. .... . .. 
Iod ide of lead ................... .. -.. 0. 004900 0. 004 0 I Sulphate of baryta ... ........ . .. . ..... .. ... .. .. 

hloride of i!'l'er . ........ . .......... 0. H 27 12 0.132730 Lime ... ......... .... . oo ...................... . 

Bromide of ~ilver .. .. .... .. .... .• ... 0. 0376i0 0. 035040 Magno. in . ... .................. 00 .... . ...... . .. 
Iodirl of sih·er .. .. . .. .. .. .. .. .. .. .. . 0. 0025 0 0. 002540 

Gold ...... .. ........ . ................ , 0.000100 0.000066 

Protosolphid of iron ... ........... . 
Protoxide of iron .................. . 

0. 400000 0. 200000 

7. 8.)5290 6.100000 

Alumina ........ ................. ...... .... . : .. 
Peroxide of iron ... .. .............. .... .... .. .. 
Oxido of manganese ...... ..... .. ... ......... .. . 
Titnuic acid............ .. .. ..... .. .. . ..... .. .. 

Peroxid of i ron . ... . .... .. ... . ... .. 13. 14050 11. 491000 Potash ............. ... .. . ..... .. ... .. ...... .. .. 
Oxic! of bismoUJ. .. . ......... . .... . 0. 01500~ 0. 101000 oda ..... .. ............. ... ...... .. .... ...... .. 
Oxides of indium, tbnlliom, new Grn phite ........... . ...... . .. .... .. .. ...... .. .. 

9. 704500 

3. 780000 

5. 063000 

0. 907000 

0. 100000 

Traces 

0. 215000 

Tmce 
0. 150000 

0. 080000 

1. 007000 

0. 600400 

T rnce 
0. 001000 

0. 035000 

0. 025000 

0. 665000 
metal. ..... ....... .. . .... .. .. .... .. 

O•ide of ziuo ... .. . .... ....... ... ... . 
Oxid of cadmiu m . ... . . ......... . . .. 
Sulphitl of ma nganese .... . ....... . . 

Traces Traces 
3. 795270 1. 454000 

0. 020000 r. o r4ooo 

0. 0 23 0 Trace 

Total . .............. .. ........ 29. 165000 I 22. 332900 

Portion soiul•lt; in water.. .... .... .. 2. 803J50 2. 883580 

P ortion soluble in acids . . .. . .. .. . .. 67. 6994 50 I 74. 677936 

ul phid of zinc . .. ... ............. .. 
Oxide of manganese (:\!nsO•) .... .. .. 

o. 300000 T race 
]. 903500 0. 75000~ 

Port ion insoluble in s cids .. .. . .. . .. 29. 165000 22. 332900 

Loss .. . .. .... .. .... ... . ........ .. ~ 0. 332500 o. 1055 4 

Arsenious n icl .... . .. .. .... .. .. ... .. 
Oxide of antimony ..... .. ......... .. 

0. 233256 0. 120000 

0.100000 0. 105000 
Totnl. ...... .. .. .. .. ... .. ..... "'iio.-oOoOOOI 100. oooooo 

' Th qnanlitntivo 1\nnlysis of tho insoluble portion of Analysis XXXIII wns only roughly modo, but the qnalitnti ,·o 
nnn lysls of th is port ion was done ca r full y. Tho base. combined with il ica nr tbe nme ns those combiued wit h silirn in 
th e insoln hlo resitl no of Anolys i>~ XXXlV. 
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Discussion.- Botll ample of cllambcr-du t were examiueu \err ca reful ly~ r· iln­
orinc. If this ubstauce existed in the camp it i ' here that it would. be cone ntrat d · 
bnt no trace ven was detected. om e t imation w r made of both eleni uw autl 
tellurium, but there ·ults were considered a too high, autl trace only are r port d. 
The e timation of both the e ub tance in ·uch mixture a tho of th flu -dust is 
too complicated, when trace only are iu question, to u Yote much time to it. How ver, 
both selenium antl tellurium have been handled in m<Lll quantitie , and th writer 
feel perfectly ure of their ,exi teuce. He a,lso fe I a ured that both xi ' tin th 
tate of seleuiou and tellurou acid . It i a omewhat ingular fact tLat uaryta 

wa carried in the fuwe iu the tate of ilicate of baryta, a trace only of ulphate of 
baryta being found. One i almo t tempted to com to the ouclu ion tha c rtain 
silicates are volatile. 

The ulpbide of iron, ziuc, an 1 mangane ·e w r e timated by m au of the 
quantity of sulphureted hydrogen evol\ed when the dust is treated by weak acid . -'- o 
molybdenum could be detected, although it will be e n that it is con tautly pre nt 
iu the blast furnaces . Catl mium could not be esrimated by the cia ical method , and 
it wa in examining the zinc obLaiued in the cour"e of the anal~·si that thi m tal wa 
found . The formula of the oxychloride of lead. fouutl in the portion of the du t olu­
ble in water is 3Pb0, Pb012, the oxybromide and iodide ba\·ing the arne formula. 

In all probability th chloro-bromo-iouid , of I ad fountl in th portion of the 
fume in oluble in water and oluble in acid ' exi t in combination with a very larg 
exce s of oxide of I ad, and al o in combination with pbo pilate and su lphide of lead. 
Tile fumes were not examined pectro copically for indium and thallium, o that there 
i orne doubt about the pre 'ence of the e metal . owe' r, the writer i almo t cer­
tain that he has percei,ed the characteristic oxy ulphide of intlium and ob erv d in 
everal in tances the green flame of thallium. 

The new metal which the writer was fortunate enough to ob er\e and to trace 
out in all the fumes ha only been een in uch minute quantities tha,t further iuve . 
tigatiou on quite a large cale i ab olutely nece ary, in order to isolate it, to tudy 
its properties, and to place it exi tence beyond doubt. It ha been pos ible, how Yer, 
to find alreauy three characteristic propertie : 

1. The oxide of the new metal give a beautiful blue color to a beau of borax 
placed in the ordinary flame of the blow-pipe, and the bead become perfectl,y color­
le s in the reduction flame. 

2. The sulphide of the new metal i · lightly soluble in ·ulphide of ammonin111, 
and tbe olution take a characteristic blue tinge. 

3. Tile iodide of t he new metal has a fine rich piok color when in olutiou . 
[t way al o b added that ia one instance the sulphide of the new metal was 

obtained in a state of great purity, and that tbi sulphide wa · ,·ery fu ible and bad 
a deep brown color. 

Although a great many substances are carried away ph,y ically iu virtue of tlleir 
volatility, and other rnecbanicalls- by tiJe force of the bla t, it seems prett.Y clear from 
the in ·pection of the ana.l.r e ' that some 'ery complicated reaction take place in the 
furnac , by mean of which some suustance.s are carried away in tile tate of volatile 
compound and depo ited in the dust in their original non -,olatile form. Iu all prub­
nl.Jility copper, titanic a ·itl , tin, aluminium , wagne:sium, aull ~ ili cinm are carried away 
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in the tate of chloro-bromo-iocl ide and sulphides form d by the action of chloro­
bromo-iodide of lead and sil>er, and of ulphid of I ad iu pre ence of carbon, on the 
nou -Yolatil oxides. Tlle volatile cLloride and , nlphide· tbu foru. ed ar afterwar 1 
d compo eel by water, when tbe team which accompanie th fumes tonden e . The e 
reactions, which might appear doubtful from the examinatiou of the chamber-du t 
alon , are forcibly demon trated by th analysi of that portion of the fume which i 
not concl n ed and which escap into the atmo phere. (See Analy ·i, X I. ) 

Roasted dust.- tone smelter th e flue and chamber du t are roa t d, previou 
to re melting in the roa ting furnace, which i pokeu of iu the de criptiou of thi 
welt r. Tbi operation is probably canied on with a view to getting rid of the large 

proportion of ar en ic which i. erroneously upposed to exist in the dust. Whate\· r 
may have been the object of th e ·uperintendent of this melter iJl performing tbi 
co tly operation, if the compo itiou of the bamber-du t of t hi melt r i compara­
ble to that of t he others tbe iufl.u nee of roa ting on chamber-dust C<tll be ea ily seen 
))y comparing Ana,Jy i · XX , - of the roa t d clu t with ualy e XXXIII aud 
X " IV. 

Tbe ample analyzer! in r rxv is chiefly formed of roa ted dust, bu it con tains 
also a little unroa ted du t, which had beeu 8pread O\~er the roa ted dn t taken out of 
the roa ·ting furnace. Tbe peciwcn~ mixed for analysi were in friable whiti lJ and 
r d li ·ll ma e , coutaiuing arcely any charcoal or coke tlu t. Th elementary aual­
Y i wa made lik tho e of tlle cbamber-du t, and the different portion analyzed are 
iu tlJ following proportiou : . 

Portion olnl.Jl in water ...... .......... .............................. 1.1W 
Por tion olul.Jle in acid ...... ...... .. .. .. .. .. .. .. ........ ...... ...... . 5. 4 12\1 
Portion insolul.Jlc in acid .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . .. . 13.29600 
Lo ... .... ... .. ·-·· ....... ....... · - . . ·-· . . ..... . . . .. ....... .... ·-··. 0. 05683 

Total ...... ........ .... .. . .................. .................... 100. 00000 

A:-<ALY I XXXV. R OA TED CILL\!BER DU T. 

Eleme11lary. 

L end .... . .. . . . ..... ... ........... ....... .. .... ·. 53. 130100 Oxygen . ... ..... ........... ...... . ... .... .. . .... 8. 242172 
n.-er ......... ..... ...... .... ............. ... .. cl nium and tellurium . . . . . . . . .. . . . . . . . . . . . . . . . TraCPs 

Gold . ..... ... ... ... ................. . ..... . .. .. . . 
Bismuth .... .... .......... ......... .. ......... .. . 
Zinc .... .. .. . ...... .... . ... . .... .. . .. ...... .... .. 
Cadmium . ... ........ .......... ....... ..... .... .. odium . .. .. ....... . . ... .... ........ .. .... .... .. 
I ron . .. .. . . .. .. .. .. .. .. .. .. . . .. .. . .. .. . .......... 8. 9~ 900 A lumina .... . .... ... .... ... .............. ... .. . 
Mangan o .. .. .. .. . .. . .. .. .. .. .. . . .. .. . .. .. .. . .. 0. 551270 Lime . .. . .... .. ........... . ... .. .... .... ...... .. 
Copp r .. . .. . .. .. .. . .. .. .. .. . .. .. .. . .. .. . .. .. . .. 0. 115000 Magnesia . ..... .. .. ...... .. .. ... .. .. .. ... .. .. .. . 
Ar. enic. ..... ........ .. . .. . .... .. ..... .. . .. . .. . 0. 210000 Pota•h ............ ...... ...... ................ .. 
.A.nt imony .. .. .. . .. .. .. .. .. . . .. .. .. . .. .. . • .. .. .. 0. 092040 Brom ine . .. ..... .... .. ... ......... . ........... .. 
Tin . .. .. .. .. .... .. ... . .. . .. .... .. .. .. .. . .. .. . .. . 0. 003n 8 Iodine . ................. ....... .. ... . ......... .. 

odtt ....... .. . .... .. . .. .. .. . .. .. .. .. . . .. .. . .. . .. . 0. 015000 Carbon (from cbarconl and coke) .. .. ......... .. . 
li.I"~t ·oscopi c water . .. . .. . .. .. .. .. . .. .. .... . .. .. . 0 225000 Graphite ........ .. · .... ......... ..... .. ...... .. 

ulplmric ncicl..... . .... . .. .. .... .. .. .. .. .. . .. .. . 10. 9'29000 ludium, thallium, now metal .... ............. .. 
l'hosphoric nci!l .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. 0. 319 00 Lo .... .... .. ....... . ...... · ............... .. .. 

0. 490000 
0. 694840 
0. 054500 

o. 051300 

1. 144400 
0. 7GONO 
0. 512200 
0. 025000 

0. 142420 
0. 00i7SO 

1. 505000 
0. 200000 

Traces 
0. 050 c 

Cni'IJonio acid ... .... ........... . .. ....... .. . .. .. 'l'rnco Total . .. .. . .. .. .. .. .. .. . .. .. . . .. . .. .. .. . .. . 100. OOOOOC 
Tit.a uo acill ..... ...... .. ..... . ................ . 

ill a (from slag and silioot of lcau) ... . .. . ... . 
Sili 11 (from qnart z nud refractory s ilicnt s) . ... . 

0. 0;;5800 

8. 332000 
) . 500000 

Sih· r ............ .. . .. ... .. .. .. . ounces to ton.. 32.066 
rOiu ... ...... ..... .... .... .. .. .. ....... . do.... 0. 05 3~ 
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ANALYSIS XXXV. ROA T ED HAMDF.R DUST- Continneu, 

Rational. 

Portion soluble in 1oater. 

Oxychloride of lead ......... .. .. . .. . , . . . . .. ... .. . 
Oxybromide of lead .. . . ..... . ...... . .... . .. .. .. . 
Oxyiodideof lead .. . .. . .... . ... . .... .. . .. . ...... . 
Sulpbnto ofzino .... ... ........... .... ... .... .. .. 

ulphate ofrunn"ane e ... .... .. ... .. .. .... .. . . . 
Sulphate of lime ... .. . ...... . . ... . . . ..... . .. . ... . 
Sulphate of mn!!'ll esia ... ..•......... . ..... . •.. ... 
Cnu 1 io magnesia. . .... -- .. ... . .... ... .. .... . . ... . 
Chloride of potassium ... . .. . ...... . .... .... . .. . 

Portion solttble ;,. acids- Contino d. 

0. 1059i0 Bromid of si h·er .. .. .. .. .. .. .. . . .. .. . .. . . . .. .. 
0. 0232i0 I I oclicU> of s1lver ....... . ......... .. .. .. ... .. ... .. 
0. 001620 Oxide of cRdmiurn ........ ...... ... . .... .. .... .. 
0.016000 Gold ........................ ... ............. .. .. 
0. 036100 Ar. enious acid ...... .... .. ........... .. .. . .... .. 
0. 4H440 Peroxide of iron ............ .... .............. : -
0. 040050 Oxide of manganese (llnsO•) .... . .... . ...... .. . . 
0.013650 II Alumina .. .. ... . . ............................ . .. . 
0.0830 0 Cnrbonnte oflime ...... ... .. . ................. .. 

0. 0322i0 

0. 00?300 

0. 005500 

0. 000200 

0. 2ii000 

12.020000 

0. 746000 

}. 044000 

Trae<~ 

Bromi<lo of pota_ sitlm. . . . .. . . . . . . . . . . . . . . . . ... . . . 0. 032 ' 70 II el:nions ~n~ tellurous_ acids.. .. . . . . . . . . . . . . . . Trace 
Ioduleofpotns mm. .. . . ..... . . ..... . ... ...... . . 0.001370 O:od ofmdmm, thalhum, new metal. ......... ~ Traces 

Chloride of odium. .... . . ... . ...... . ..... . .. . . . . 0. 13C4GO 'I Tota l . . .. .. ...... . ... . ........ . .... . ...... -5.481 290 
Hygroscopic water. . ... . ...... .. ..... .. .... . . .. . 0.225000 

---- Portion in;;oluble in acids. 
Total........ .. .. . . .... . . .... .... .. . ....... l.lG" 0 

• ii i en (com bine<l) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8. 33c090 
P ortion soluble in acids. 

Oxiueof leatl .... .. . . .... . ... ... .. ....... ....... . 
Pho phateoflend ..... . ................. .. ..... . 
Snlphnleofl~nd ........... ...... .. . .......... .. . 

ulpbidc oflead . .. ......... ... .... .. .......... - ~ 
bloridc of lead .. .. .. .. . .. .......... . . ......... .. 

Bromidu of lend ....... .. ......... . .............. . 
Iodide of lend .......... . : ............... .. . ... . .. 
Oxide of antimony .. . ........... . .. .... . .. . ..... . 
Oxide of tin . ... .. .... .... .. .... . ....... ......... . 
Uxitle of oopper . .. . .......... .. ...... ...... .. . . .. 
Oxide of zinc . .... . .. .................. ..... ... .. 
Sulphate of lime ...... .. ................. .... ... . 
Cau tic magnesia .. .... .... .... .. .. ........... . .. 
Titanic acid ................. .. ...... ........ .. .. 
Oxide of bismuth .......... .... . . ..... ..... ..... . 
Chloride of il>er .............. . .. .. ... .. ........ , 

22. oo2o o I ~i!:~:e ~~~~::~)- :::::::::: ::::::::::::::::::::: ::: ~: ::~ 
1. 826-160 d.r cniou acid . . . ..... . ...•. . . . ....... ..... ..... 

37.443000 Oxide of antimony . . . ... . . ... .. .... .... ... . ... . 
a. 6i6220 

2. 105i60 

0. 236140 

Oxid ~ of tin .......... . .... . .. . .. ......... .... .. 

Titanic acid .................. ... ....... . ... .. .. 
Peroxitle of iron ...... .... ..... .. . ............. . 

0. 000200 

0. 000300 

0. 000100 

0. 01 000 

0. 687000 

0.009230 L\luminn... . ........................... . . ..... . 0. 100400 

0.117000 Lime . .. . ........ .. ............. .. ... . .......... 0. 072COO 

0. 004300 Magu ia.. .... .......... ... ... ..... . ......... .. 0.035000 

0.144 00 II Oxide of zinc.... ...... . .. .................. .... 0. 026000 

1. 810000 Otide of magnesia.......... ... ........... . ... ... Trace 

~: ::~: I ~::as~_-_·: .· :::::::: : :::::: ::::::::: ::::::::::: :: . ~: ~~:~ 
o. 03i800 Carbon (from charcoal and ooke) . . . . . . . . . . . . . . . 1. 505000 

0_05;aco 11 Graph ite ... .. ..... ....... ....... . .. ............ __ o.2_oo_oo_o 
0. 122640 Total .. .. .. ...... ........ .. .............. .. 13. 296000 

D iscussion.-Everytbing indicate that the uu twas roasted at a very high tem­
perature, and this is proved beyond doubt by the fact that traces onl y of ca rbonic 
acid are detected. 

Ou comparing tbi analy i wi th th e average aua.ly is (XXXIV) of unroa ted 
chamber-do t, it is found that the percentage of lead is con i.derably increased; but 
that a coo iderable quantity of .-il~·er i lo t. 0ue notices also that the qua.utity of 
cl! lorin E', bromine, and iotlioe is about hai f what it was in the average sample of dust. 
Coupling this with the loss of silver, it may justly be inferred that ilver islo tin the state 
of cbloro-bromo-iodicle, and that some lead is also lost in the same form . The quantity 
of phosphate of lead has also diminished instead of iucreaRing, showing that lead is 
al o lost in this form . The percentage of arsenic and antimony is lower than in the 
unroasted dust, but this appears to be the only advantage gained by roasting, and a 

ery slight one it is in these ca es. Sulphur, instead of being driven off by roasting, 
is concentrated in the form of sulphate of lea<1, amounting to 37 per cent., aud rE'pre­
seuting 5 per cent. of sulphur instead of 2 per cent., as in the chamber-dust. Lastly, 
about 9 ver cent. of carbon is driven off at great expense. This carbon is so intimately 
mixed with the original dust that by simple heating in the blast furnace there wou ld 
be mor than enough of it to reduce all the leatl. of t he fumes. In fact, everything in-
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dicates that roasting chamber.dust in Lead ville is a usele s and a ruinous operation, 
by which nothing is ga.ined and by which many •alnable snbstauces, lead, silvm·, fuel, 
etc., are lost, at g reat expense. It is only fair t o state once more that roasting of 
chamber dust has only been-<lone·at oue smelter. Th e -analyses how that- the mi . 
chie,·ous substances of chamber-dust .are not m·senic and antimony, but chlorin e, 
bromine, iodine, and phosphoric acid . A nalysis XXXVI, of the portion of lead fumes 
lost in the atmosphere, will further demonstrate this statement. A prior·i, th e best 
way of treating lead dust and fume is to re melt them with an excess of lime, in 
order to fix the volatile constituent by combina tiou with calcium an d lime. Thi is 
precisely what is done in practice at most of the smelters, the only impro•emen t that 
might be ugge ted being t he u e of pure lime instead of the magnesian lime of Lead­
yiJle; but the writer thinks the geueral u e of caustic lime in teau of limestone would 
be of g reat ad' antage to melting at Leacl•ille, since the chloro-bromo-iodo plio phates 
of lead are driven off iu the state of fumes in the furnace, before limestoue, by the los 
of carbonic ar.id, has become can tic a nd thu acq uired tlle po,rer of actin g chemically 
on the fume \rith which it come iu coutact. 

Lead lost in fumes . - At th e time the writer wa colleeting notes and specimen fOL' 

this report, it happened fortun a tely tllat experiments were being made with the Bart· 
1 t t smoke-ti lt r (descriueu on pa ge 673), at tll e Grant melter, for tue purpo e of con ­
den ing that portiou of the lead fum es whi ·h e C<l}1e with tlle rook~ into the a tmo . 
ph r. A fine opportuni ty wa · thu ' had of making a thorou gh iu•estigation of tllat 
part of the meltin g product which is alway' lo 't at all the smelters . 'rhe aua ly i 
of the e fumes pro,·es to be the most in tere ' tiug- uy far of all those made on lead clu ts, 
ince they are not only richer iu lea I than <tu) of th e others and contain more s il•er 

tua u th avcr<lge Lead viii lag, but the llow also other remark a ule 11eculiarit.ies, as 
au in ·pection of the following aualy i ~ will how·. They lla•e exactly the appea ran ce 
of soo or lampblack. 

fu'\ALYS I £ XXVI. FU MES FRO~! BA I:TLETT FILTER. 

Lead .... ...... ..................... . .......... .. 

ilver . . .... .... ...... . .. - ·· ·- ·· -- · · ···· ·· · · · · ·· · 
Gold ........ .... .. .... .. .............. .. .. ..... . 

Zino ............ ...... .. ...... ................ .. 

Ct\clJUiUIU --······· ··· · ·--······ · ····-··· · ···· · · · 

Iron .......... ........ .. .. .............. .. .... .. 
lllang>tn so .......... ............ .... .......... . 
A lu1niniom ... ........ ...... ............. -·· ·· · -
Calcium .................. .... .... .... ........ .. 

Mngn ium ................... .... .... .. .. .. .. .. 
Solla ... ... . .... ..... .. .... ........... . ...... . . . 

Water ...... ........ ........ .. ................ .. 
'nruonic noill .. ..... ........................ .. .. 

l' hosphorio acid ...... ................ .. ...... .. 
·u lphul'icn id .... .. .... ........ .............. .. 

Tltnuio acid .......... ................. ..... .. .. 
iJiCI\ ...... ........ .. .... .................. .... . 

Oxygen ..... . ..... ..... .... . . .... ... .. ..... . . . .. 
ulphur ..... ... ............ .... ........ .. .... .. 

e lenimn Antl tolluriurn . ....... ................ . 

Elemt·ltlm·.!J . 

GO. 370150 I Potassium .......... ...... ........ . .... .. ...... . 
0. 014750 Sodium ................................ .. . ..... . 

Fuinttrn o Ars oic .. .... .. .......... .... ...... .. .. .... .. .. 
4. GS uo 

1 
Ao tiu:ons ...... .. .. .... .. ................... .. 

0. 001310 Ti n .... .. .... . ....... . ........ ... .............. . 

I. 2'27660 I Lime .................... .... ...... ... .. ... .. .. . 
0. 311420 Maguesin .. ... ................... ... ..... ...... . 

~- 060600 ' Alumina . .. .. . .... . ............... .. ........ .. .. 
o. 124000 Pot.asb ...... ........ ...................... .. .. .. 
0. 174600 Ch lorine .. . ........................... .. ...... . 

0. 013000 1 Ilromlne ................ .... .......... . .. .. .... . 

o:.: 00o!~~~~~ ~o00o 
1 

Iodino .. .. .. .. .. .. .. .. .. . .. .. . .. .. .. .. .. . .. .. .. 
• ' nrbou (soot )<• ........... .................... .. 

ludiuw, thallium, new meta l .. .. .. ... ...... ... . 
0. 060000 Lo s . .. .. .. .. .. . .. . . . .. . . .. .. . .. .. .. . .. .. . . .. .. 

0. 141 300 

0. 16 ;GOO 

1.1H672 

0. 208900 

0. 160J70 

2. 756990 

I. 856690 

0. 421000 

0. 0070CO 
3. 953j90 

o: 79 230 
0. ().13630 

3. 365000 

TTnc,·s 

0. 009200 

. Total .. .. .. . .. .. . .. .. .. .. .. .. .. .. . . .. .. .. . 100. 000000 

3. 39317 il~er . ... ... . ... . ... ............ ounces to ton .. 4. 301 
5.3205l0 Goltl .. ............. .. ..... . ...... . ....... do ... . .. Trn ·~uuly 

'£nLCt' s , 

---------------------------~-----
a 'Jh 800L contnius nlAo a tnt u of g:rnpbit~. 
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ANALYSIS XXXVI. F U)!E FRO)f BARTLETI' F ILTER- Continu d. 

Portion soluble in water. 

Oxrchlorido of lead ......................... . .. 
Oxybrom ido of lead .. .... .... .. .... ..... . ...... . 

o:~.,·iodido of !encl.. " --- """ . --"-" ""- .. - -
Protosnlpbate of iron .................. .. .. .... . 
Protochlorido of iron .. .. .. .. . ... .... ... ..... .. 
Protobromido of iron ................ .... . ..... -
Protoiod ido of iron ... ........ . ......... .. .. . . . 
Snlphnte of zi no ...... ... ... .... .. ..... ... .... .. 
Cb lorida of zinc .......... . .. . ........ -.. ... .. -. 
Brom ide of zmc . .... . ...... .... .. ... -.. . ...... . 
I odide of z inc .... . : ...................... -.. .. 
Sulphate of manganese .................. .. .. .. . 

Ratioual. 

3. 203400 I 

o. 704600 1 
0. 348340 ' 

0. 057000 ! 
o. 5312oo 1 

o. 1943oo 1 
o. 012400 I 
0. 060300 

o. 623200 1 
0.176000 
0. 007660 

Trace 
T race 

Portion soluble in acids -Continued. 

Proiosulphiclo of iron .. . ..... . .............. - .. 
nlphi<lo of zinc ................ - . . . ........ . . .. 
ulpbido of manganese .... .... ........... . ... . . 
nlphid of cadmium ..... .. ..... .............. . 

Araenions acid . ..... . ...... . .. -- - .. . ...... .. .. .. 
Protoxid of antimony ... ... .. .. . ... .. . . .... .. . 
Oxide of fin ( nO.) .......................... . .. 

elenious and tellurous acids . ....... ... ....... . 
Alumina ... ... .... .... ................... -... .. 
Carbonat of limo .. ... ...................... . .. 
Carbonate of magne ia .... .. . ...... ........ .. .. 
Can tio mngnesin ............ .. . .... .......... .. 
Ind ium, thallium, n w metal. ..... . ...... -..... -

1. 406680 

6. 357000 

0. 491960 

0. 001500 
] . 470000 

0. 250000 
o. 203 ·o 
Trn es 

0. 220200 

4. 853200 

1. 760300 
1.00490 

Trnres 'ulpbnto of alumina ......................... .. 
Chloride of aluminium .... ........ .. . .. ... .... .. o. 446600 1 

0. 2 6380 

0. 104POO j 

1----
Total ...... ............................. .. 

Chloride of calcium .......... .. ... ........... . .. 
Bromiu of calcium .......... .... .... ..... ... .. P ortion insolubll in acids. 

Cbloricle of magne ium.. .... ................. .. 0. 680670 
Dromide of mngne~inm . .. . . .. . . . . . ... . . . . . . . . . 0. O!?O:?.J.O I 
Cblorid of potassium .......... ..... -.. . ....... 0. 269930 1 

Chloride of odtnm ..... .. -....... .. ........... - 0. 423930 Oxide of zinc ........ .... ... ............. . ..... . 
Water .... .. .... . ................. . ...... -.. - .. __ o. 912500 I P eroxid e of iron .. .... ........ ................ .. 

ilica. ..... · . . ... -- ···· · · · · -· ··· · ·· ···· · · · -- · · · · · · 
Titanic acid ...... .... .. ...................... .. 
Oxi<le of lead .... .......... ---- ........ -- .. -- .. -

Total 9 058650 I Alumina .. .. ...... .......... .. ... ..... ........ .. 
_P __ o_r.tt .. on .. ·,·o·!·u· b· ;_· ~n--~~ ~: .-- ........ .. - . L imo .. .......... .. ........ .. .. ....... ......... . 

w .. """•u..o:J Magnesia . .... ........ . . . .... ..... ----- ·- -· ······ 

Oxi<le of lead..... ..... .. .. .. .. .. .. .. . .. . .. .. .. . 28. 176900 
1 

P otash··-- .. · · ----------- ·---- -- .. ---- .. · .. -- .. · 
P hoephnteoflead ............................. 11.6-1.1 oo I ocla .... ........ ..... ......................... .. 
, nlpbidoor load................................ 1 . 899160 . MnO., AsO., nO., 1>20> . .......... ........ ... .. 
Chloride of Jencl . ..... .... ... ..... .... . . ........ 6. 34 1150 Carbon (soot) ............ ..... ....... -- ...... .. 

Bromi<lo of leail ...... .... .. .... . .. ............. 0. 750000 j 
Iodide of lead .. .. .. .. .. .. .. . .. .. .. .. .. . .. .. . .. . o. 032460 \ 
ChloridcofsiJ.-er............ ...... ........ . . .. . 0. 017 

90 1 
Por!~onsolnbl inw~ter ................ . ..... .. 

Bromide of si!.-cr .. _ .... ... ___ ........ _ .... _.... o. 002060 P ort1on soluble m nell! ..... . ...... .. .... ...... . 

Totn.l ................... .. .. .. . .......... . 

Iollidoof sil.-er . ... .. . .. .. .. ........... ........ . l O.OOOI50 I Portion in olnble in acids ......... ............ .. 

Gold .............. .. .. ...... --- .. ............ : .. Fnint trace Total .............. ..... ...... ... .. .. .... . 

83. 94750 

3. 279300 
0. 000500 

0. 142 00 

0. 004 00 

o. 034000 
0. 200 00 

0. 039200 

0. 010000 
0. 0(!7000 

0. 013000 

Trac 
3. 365000 

7. 096-1.00 

9. 05 ar.o 
83. 4750 

7. 096400 

100. 039 00 

Di cussion. -Tbe combinations in which lead ex i t in these fume!'~ and th eir vola­
tili ty is mo t remarkable. 'ro appreciate thi ful ly one must remember that the fum 
were filtered at a distance of nearly ~00 feet from the bla t furnace. The aboYe 
analy i bows, be ide 9 per cent. of cbloro-broroo-ioclide of lead, 18 p r cent. of 
ulpbide.'! iu combin ation with the cbloro bromo-iodide , and 11 to 12 per cent. of 

pbo pbate of lead, pro'i"ing a roo t nrpri ing volati lity for the two latter combinat ion . 
'rbepercentageofleada oxide i relativelylowa compareclwithotherdu t. Iti mo t 
worthy of reruark t.hat the iron, mangane e, zinc, and cadmium ron t be in the tate 
of ulphide and also have an nnu ual degree of volatility. That the e fume should 

' be richer in arsenious acid than the ordina-ry chamber du t might have been expected, 
but that t hey should have carried off tin and titanic acid is mo. t remarkabl . S ilica 
being combined witll the lead as ilicate of lead shows that this combination i al "o 
Yolatile. 
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The low barometric pre · nre at Leadville, which is, ou an average, nine inche to 
teu iDche of mercury les than that at ea le' 1, explains in a great meas·ure t-he 
extraorclinary ,·olat ilizat ion of so many prod uct · bnt the f<1Ct that, non - olati le nb­
stance are carried away in the state of volati le compound and ·o to , pea k, repre­
Cii ita ted in a non -\olatile form~ i abundantly 1 ron~d by tbe fact that this moke con­
tain cbloro-bromo-iodide of calcium mao-ue ium, and aluminium, and till more by th 
fact that it contains more t in than any other. 1\Io t urpri in g of all is th e mall per­
centage of oxygen and the la rg percentage o~sulphur a compa red with the amonnt 
of botl1 ub tances in flu e and chamber du ts. 

SP E I SS. 

The :-:;peiss formed in the b~a t furnace of Lead ,-me belong to th·ree types: 1. 
Th white metall ic-lookin g , pei. , in la rge lamellar cry ta ls, tuddecl all over with 
very mall, indi st inct crystals. 2. The gray i ·b nb-metal lic looking p i , in fine cry -
talline graiu . 3. The \ esicul ar pei '. 

It will be een that iron ow helong al o to th e speiRS family, being, so to speak, 
embryonic spei s. 

A. pecimen of type-" o.l, taken from a cake at Me rs. Billing & Eiler ' !Smelter 
and made from dolomitic melting charge contained only a few o-ra in of metallic lead 
and nonA of metallic irou. Tb lead crra in " re epara ted by the ie, e, and th e peiss 
po~nler beino- ana l ~ ed gave the compo ition reported in A.naly i XXXVII. This 
p i ba u h a bara teri tic appearan e that it may be a nmetl that imil ar spei s 

found a th other m Iter po e e tbe am compo it ion. 
No. III i the ana l i of a ample r pre entin g type.!. o. 2, compo ed of 

equal] art of . pecimeo taken from differ nt n;~elters, a i~dicatecl b low: 

melter . 

A mer·icnn ... . . .. -- . . ... . . - - . •. -- .- .. - . . . . - .. . . - . . -- ·. 
Cumming , . Finn .. . ..... .. . . .. . .. .. . .. ...... . ...... . . 

Elgin -- - --- · ·· - -·· -----·- --- - ----· ·-- -- --- ---- -- - -- - · · 
Grnnt. -- - -- .- -. -- ••. . -- .. . --- .. . ----- - ---- .. · - --- · . - - . 

)l'o. of spoc­
itneos for 
nnalysi . 

J. a 
1 ~ 

LnPiat ...... ---- ------ - . . . .. - . . · --- --- - - · •. - .. - --- - - · 1 
LittleCbi f .. . .. .. . . . - - -- ··---· · ·----- · ·- - · - · - - -· -- --- 1 
Ohio aud Missouri ---- . . . --- . -- .. . . . -- . ------. - ... - . . 2 

l l3i ll ing · E . i ~ rs .... .. · -- - -- - . . . . .. .. . --- --- ... . . -- . __ 1 __ 

I_ 'l'otnl nun1bcr pf specime11 mixP<l for ann lysis ... 11 

By iftin g-, th e sp 'i~ ' was ·l' pnrated in to-

p i ~ p ~- cl er .. .... •.... . --- ---- -- - · ---- · --- -- - - -- - ------ - --· - ·- --- - --- -
L acl g rn in . ..... .. .... . .. . . . ..... - ... . . . - . ... .... - .... - . . __ . _ . . .... _ . . 
I roo g rain . .. .. . . . -- - . .. - - . - . . --- -- - . - - -- - --- - - - ---- -.. . --- -.- . ... . . ___ _ . 

9 . 21 
1. 22 
0. 57 

Totnl . - - - - - . - - - - - -- - - -- - --- - -- . -- . -- - - - -- - . - - - - - . - -- -. - - - - - - -- --- - I 00. 00 

The non-com bin t1 iron grain did not contain r.uy a.r ·enic and were very tough ; 
the lead ,..,-a al o very pnre. T be spei powd r only wa aual:r ed. 
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Tbe aruple of Yesicular speiss was made up of equal part of uine 
collected, three at the American smelt r, two at the Harri on, four at tb 
"Mis ouri. 

By iftiug, it \YaS parMed iuto-

pe iru n , 
Ohio and 

Speis powder . .. . ...................... ....... . .. ... ............ ........ 90.li 
Iron grain . .. ... .. .... .... .. .... .... . .. ... ...... .... .... ..... . .. .. ...... 9. 3 
Lead grains. .......................... . ...... . .............. .. .. .. .. .... Trace 

Total . .. .. . .. .. .. . .. . .. .. .. .. .. .. .. .. .. .. .. .. . .. . . .. .. . . .. . . . .. .. . 100. 00 

The iron grains are also perfectly free from ar enic and \ ery tough. The pei ' 
powder of this sample was not analyz.ecl, as iu all probability its compo ition i the 
same as tbat of type No. 2; but it wa a sayed for gold and il,er. (See speis a' ay 

o. 5.) 
Goncl~tsions.-The sie,·e examinatiou of peiss how : 1. That pei type No. 1 

contains no free iron aud is a non-saturated spei . ~ - Tlw.t spei s type No.2 contain 
ju t enough iron in excess to indicate that it i aturated with iron . 3. La tly, '"e icu­
Jar speiss type No.3 coutaiu a Yery large exces of free iron . It i a upersatnrated 
Speiss, whO e fu ion bas lJeen preYented UJ' ti.Ji exee, Of infu ible irOn. 

The writer made three comparatiYC experiments ou tile fu ibility of the three 
kind of peis . ln each ca e the pulYerized pei · wa · mixeu with uorax in a porce­
lain crucible, heated o,rertbe ula t-lamp, properly regnlated to operate a nearly a po . 
ible in the same condition . Svei s types No.1 aud "o. 2 melted ea ily, and uo 

appreciable difference could be detected in their melting poiut. Spei type No.3 was 
melted with more difficulty tban the precedino- and formeu a 'e icular button, bow­
ing incomplete fu ion . 

A~ALYSE XXXVII A~D XXX\ III. PElS . 

l--------'----l--x_x_x:_v_n_.l xxxvlli. · 
Sulphur . . . . . . ....... ..... . . . . 5. 8191 4.. 4695 

Arsenio.. .... . ..... .. .. .. .. . . 31. ~i25 I 21.8003 

Antimony .... ........ ..... .. . Trace 
lrou....... ..... .. ............ 60.5i 0 j 

Zlno . . . ... . .. . . .. . . . .... .. . .. . Faint trnce 

SilYer. .. . ....... . . ....... .. . .. 0. 0085 

Gold............. . . .. . ... . ... . Ynint t111ce 
Lead. .. ...... . .. . . . . . . . . . .... 1. 4935 

Copper . . .. . .............. .. . . 0. 36~8 

Tickel . . . . . . . . . . . . . . . . . . . . .. . . 0. 0 i6 

Molybdenum ..... ... .... .... 0. 2110 

Loss . ..... .. ...... .......... .. · ·· · ·· · · ···· · · 

1 Total . . , ...... . .......... 

1 

100. 0330 

I ilver . ........ onnces to ton .. 2. 48 1 
Gold ..... . .... .. . . ... do.. .. .. Trace 

I 

0. 1450 

70. 4i80 

Trace 
0. 0301 

0. 0009 

2. 5030 

0. 2566 

0. 0981 

o. 215;; 

0. 0030 

100. 0000 

8. 7822 
c. 26 

Discu.ssion.-Tbe formula of the large crystall ine spei s analyzed in XXXVII is 
(Fe 1)6A S, l\1 de ignating the mall qnantitie · of metals accompanying iron, and tbe 
ratiow·tl formula i probauly repre ented b,\ FesAs(FeM)S. 

Tbe fine-grained pei s analyzed in XXXVIII is represeutcll by the formu la 
( FeM )sA S, and pmbably by tb rational formula Fe8 A (Fel\1 )S. 
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1'be powder of the ,.e i ular peiss wa uot analyzed, a u · tat Ll befor ', 
but it i probable tltat it compo ition and formula are tll e am as tllat of the pre Nl 
iug, iuce both are aturated peis aucl contain no ex · ' of llOn ·t:ombin d irou . 

oweYer, botlt cauuot be cou id ered a mere mixtur of definite ar euio-s ulphu -
ret ' of irou nml iron, for both tlle iron aml tbc arscoio· ulpbnret are cry tnlliu , and 
th Jar iu a ll probability cry tallographic co mpound .1 lt has bee u ·e o that sh1g 
" ·ere similarly crysrallograp!Jic; compoulld . It \Till be eell that Ill< tt sal o nre rys ­
tallograplliccompouutl ·. AD w r mark s will be mad with reo·anl to la n·. matte ·, which 
form the IJi g uest expr ioll of thi cia of ubsta u ·e , o tllat ill n.lmo t CY ry tag 
of the melting· operation ' cry tallog raplti c com pound s are the regular product · of the 
bl;-1.. t fnrn a e -. 

Th e s pei e · analyzed a re r emarkable Oil accon ll t of -
1. Tb pres nee of antim ony i11 uclt ' ry s ma ll qnantitie ·, \\' ilil ·tit exi ·t in tile 

smel tiug clt a rges HUll i form eLl iu no iuco n i<l erablc q uant ity in t il e bullion , tb 
fum s, tc. 

~ - Tb' pre e nce of molybde num in acu auLl nsibly iu tiJ e amc am onu t . llo,r ­
iuo· llow wi1lely aucl \enly di st ributeLl tiJis meta l i. · in th a mp . In the writ er · 
opiuioll it i · the .Lh···t time molybdenum ha bee ll po inteu out ill pei ' s. [ t i · o tltor ­
ongltly ·ollceutrat u ill t iJ i produt:t that it wa ' not po ' iulc to dete ·t it in eitUL'l 
bnllion,. la g, or fumes. 

3. TIJ total nu ·eu of co balt wbi •It a IJa , b•eu obscn ·ed , i ·COil ·entt'<lted ill 
tlt e ·kimtiJitt "'' of th e l ead f th iii..ton -tap, allll tbu thoroughly eparated from 
ni·k I \\'bi·h astbepre ·edinganalyse: ltow,r•m c ill'iutil pei s . 

A ssays of speiss for gold and silver.-ln order to omplet th e tutly of the L achi ll 
pei ' , tb followin g a · a. · w r made of p eb llelongiug to tl.:te tbr cliffereut types 

in tb , un· y l abo~·atory: 

No. Srn clt erd. 

,_ 
I 

I 
J 

1 
Bil ling · Eit •rs .. . ............. . .. ) 

21 ...... do ........ .. .. ......... .. .. . j 

. a {~;;',~".':'.~.&-~i~-~ .: :::::::::::::: j Typ 

La Pinta ....... .. ... ...... .. ..... J 

No. t. n l 
I [ : J 

Oz. to to11. 

2 48 

11. o;; 

15.25 

.a,-eragenasny of typ, 'o. l. -.. -.. -. -.• -. . -.. -.-. ...... ~~--~ 

I I i I 
Typ No. 2 .. 1 1 ~ J 

I I I I 
l :~,-J 

J

Liule hi f. ........ ......... . 

1 Ln Pinta ........ .......... . ... . 

~~~::~~~~ ... :::: :: :: ::: :.-.-.-.·:::: I 
I Billing & Eilers .. ...... ........ , 

Cumming&. Fluu . ....... . ..... J 
I Elgm ···· · ············ ·-- - --- - · 
l Ohio onu Mi souri............. I 

. 7822 

{

Americnn . . . . . .. ............ . . . l 
5 Hn:rison .. ·.· . ... ..... . ...... .... J 'l'ype No. 3 .. 

Oluo nnd Mt sou1·t _ .......... .. 

Oz. to ton . . 
Tmr 1 

T raco l 
0. 066 ~ 

( 1, 0~2 ' 

o. 26 

1 Exactly \vllnt Mr. Guya l'd meaus uy til terUJ CI'!JBialloyrapllic compound 1 am uot aulo to -tate. 
(S. F. B.) 

li10N Xli-- 46 
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To complete this examination the powder a-nd metallic grains of vesicular pei s 
No.5 were tried separately, with th e following re nlts: 

il ~er. I Gold. 

Oz. to ton. Oz. to ton. 
Speiss powder ... 43. 7051 o. 045 
M tallio grains ... 12. 675 o. 07'i 

Disoussion.-ltba been een that type No. land 1\o. 2 contain ensibly the ame 
amouut of precious metal , but ~·by type No. 3 bonld contain ncb a large quantity 
of ilver a 40 ounce the writer is not prepared to explain . The fact that the si lver 
is contained, not in the metallic grains, a might have been uppo eel, but in the pei 
it ·elf, r nder the explanation more difficult yet. 

Speiss No. 2 (type No.1), from M:e r . Billino- & Eiler ' melter, was mad e iu 
counection with dolomitic la g. The differen ce in til con t nt of ih·er i very large, 
and is probably due to a, corre!';ponding differenc iu tile a ay of toe bullion extract d 
at the same t ime. 

IRO SOWS OR SALAMANDER . 

The ow , or mall ma e f reduced metallic iron, wbi h are form ed occa ion ­
ally in the bla, t-furnace , on being analyzed proY to be a va ri ety of pei . The 
writer expected ome important re ult from th eir examination, for the rea on that 
metallic iron red uced in tbe bla t -furnace becom e' the center of the mo t important 
cb mical reactions, and tilat ll ere was an opportunity of ol> erviug th e varion com· 
ponent of tile smelting charges iu the Yery act of combination. 

Tbe ample nbmitted to aualy is was prepared from a great variety of . peci· 
men - two from th e Little Ch ief, three from Gage, a.garuau & Co., and fou r from the 
California ruelter. 

The p cimen from the California me.lter were taken from thr e sow of Vfry 
t01wh metal, and mea . uring 1 foot G inche by 10 iocbe by 1 foot., aud al o 1 foot (J 

inche by 10 inches by 5 iucbe . One of the e ows was impregnated with tb p culia r 
·la<T which ba been de cribed under the name of cori a . One of th specimen. of 
r~duc c.l iron wa extract d in small bit from the very mid t of a s lag, where it was 
found . ide by ide witb mall bit of pei , 1vhicll " ·ere perfectly fn ed, but which bad 
not batl t im e to collect togetb r. A imilar specimen wa extracted from a lag fonnd 
at the Little Uhief smelt r. All tbe specimen of ow were fu ll or large caviti ~ ,fill ed 

witiJ cl.Htrcoal, coke, lag, coria, and regular spei . The am ple analyzed was pr . 
pared by pound iug bit detached from the o,..,, until no du. t could be obtained, o 
that it i the tonghe t portion of the ow· that bas been analyzed . The metal forming 
tlle ows i ' ometime rather brit le, but i al. o oft n very tough . 'fough or brittle, 
ll o~· ,-er, wlien brok n it exh ibit a decidedly crystalline structure, the crystals bein g 
a lmo t large enough to be mea ·urecl, allll the meta l it. elf is perfectly white and bright. 
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Ax,u;y 1 XXXIX. IR ON ow. 

Iron ........ .... ..... ..... .. .. 
L ad .. ........ .... ........ .. . 
A r enic .................... .. 
Sickel .. . . . . . .. .. . .. ........ .. 
Cobalt .. .. .. ...... ........ .. .. 
~anzaneso .. .... .. .. . . . . ... . 
..l.ntimony .... ....... . ....... . 
Copper ..... . ... ..... .. .. ... . . 
Zinc .... .................. .. . 
Molybdenll!n ........... .. .. . 

ulphur ......... . .. .... .. .. .. 

72. 2 0 il<"er .. .. ..... .......... .. .. .. 
18. 79340 I Gold .. ...... .... ... .. .. . .. .. .. 

5. 08330 Phosphorns .. .. ....... ...... .. 
0. 04500 Graph it ... ....... .. ..... .. . . 

0. 11492 
o. 00003 
0. 10905 
0. 75000 

Faint est trac Combined carbon .. .. . ....... . 0. 55000 
0. 01500 I ilicium, • lag. lo s...... ... . .. 0. 90000 

Fa int trace Total .... .... . ...... .. . .... --100.00000 
Fain t t race 

Fniurcst t ruce 
0. 16100 

o. 65000 II 

il<"cr ..... . ... ounces to ton .. 
Golu ..... ...... .. .... do .... .. 

33. 51750 
ao. oo 75 

aJn ord er to outai u n fa ir anragc nssny of sil <"er and "Oitl t he ns ay was mnclo on 200 
gram8, which ex(>lnins why gold i gi<" n to the ,....'lm, of au ounce to th e ton . 
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Anal_y i XXXIX , bows that the O\Y are a n all oy of iron and lead combined 
wi th a qnantit,y of ar enic ufficient to cla tb m with spei~ . Like the latter, sows 
contai n nickel, molybdenum , an<l ulphnr. Their g raphite is liberated when their iron 
enter iuto combination with larger quantities of ulphur and arsenic, and i blown 
a"·uy with th e lead du t "~>h ere it ha been found . Lik uper aturated pei , sow 
ar ,·err rich in ih· r. The fact tllat they contain trace of obalt, which cannot be 
<1 te t tl in ~ p i bow that tbi metal i forcibly ta ken away by \irtue of a reaction 
wbi h i not ·ct und r tood, although on e i inclined to presume bat su lphide of 
cobal t i · formed, and t hat it combine more readily with sulphide of lead than with 
ar. nide of iron. 

l\IATTE . 

The exam ina tion of tb matte of Lea l'l'ill e pro,·ed o urpn mg to t.he writer 
that he ac nmulat ed all po ibl pi·oof> in rder to baYe no doub t a to their nature. 
I will b een that they nre formed of . ulpbide of iron and 1 ad and magnetic oxide 
of iron . It "~>a in ord er to d mon trate th p1·e ence of tbi oxide that experim nts 

r ,·aried in ,·ery pos ·iulc "1\ny, which were el i ca rded afterwards, 
wh en th ma gn ti oxide of iron wa ucce ~ fu ll y i olated iu the 

pur cry tallin tatl'. Thn matte ar £ rmed of ulphi de and oxirlcs, and , like 
mo. t fum a product , t hey are crystallog1·aphio oomb'inatio'll- of ohem'ica.l oompo1md . 

\ careful xaminatiou wa made of the t"~>o typica l kind ofma.tte ofLead\-ille. 
T h O· all ecl iron matt , \vit b a fine crystallin e tructure and a brown In ter, was col­
lected a l\l ~ r . ummin o· _, - :finn melter (Ana ly i XI1) . The o called lead 
matt(' bln ki h g ra y, with a tl ci l <1 cry tall ine tru tnre wa found at the E lgi n 
mel ter ( nal.r i ~ XLl). Doth p<'cimen w re s li rr iJ tly woll en and pli t by a begin­

nin g of oxidation. B tb yield . trongly ma"'u tic parti ·le to t lte mag net, which were 
at Dn,t mi taken for ma gnet ic ulp hitl ~ · By rubb ing tb maga tic portion on filter 
pap r, i olat in g with t iJ ma"'D t, rer ea ting tb operation e\ cral time , and final ly 
t reat in g i t wit lt nitric a ill , in order to rl e troy ome ulpbide. wbicb adhere to i t, 
the pur ma.guetic oxide i obtained. W b th ·r t l.J e ndb rin g ulphide a re magnetic 
OL' not cou ld not be d •cid d . The pure magueti oxide wa s not ana l zed, but t here i:-: 
bn t little doub t that it form ul a i t be a me a that of the oxide isolawd from sl <l~:-:, 

11amely, Fe;09• 



724 GEOLOGY AND MlNl~G IND IRY OF LEAD ILLE . 

.A.::-iALY. E XL A::\D XLI. - 1ATTE . 

Elt>me11 la1'!/· 

XL. XLI. XL. XLI. 

----------------------1----------------- ----------------------1-------
Portion soluble in ·water. 

Sulphuric acid ..... . ........ .. . 
Protoxide of iron . . .......... .. .. 
Wate r .. .. .. . . ................. .. 

Portio11 soluble in acids. 

' ulpllur . ...................... .. 

Oxygrn ... . .... .. .. . .... ...... . . 
Iron . ..................... . .... .. 
1\ickcl ...... ..... ............. .. 
L cacl ......... . ........ . ... .. .. 
Sih· r ........... ... .... ...... .. . 

POT lion soluble in wa ter. 

Protosulpbate of iron ........... 
1 

P ortion soluble i» acids. 

Proto ulpllid of iron .. . - . .. - . . - j 
' ulpbide ofl ad .......... . .. .... • 
Mngoetic oxitle of iron . .. . . . . __ . 
' ulpbide of zinc ........ .... .. . 
ulpbide of nickel ...... . . .... .. 

SulpWde of copper . . .. ... . .... ·I 
nlpbitle of ar•enic . ....... . .. . 

0. 037 95 

0. 034105 
Trncc 

24. 257310 
4. 500000 

4 . 90G300 

No no 
20. 10000U 

0. 201666 

XL. 

0. 072000 

56. 151050 
23. 192307 
I G. 312500 
]. 706700 

None 
0. 347 0 
0. 200275 

Portinn soluble i» acids.-Confd. 

0. 030 !j Gohl .. . .. .. .. .. .. .. .. .. .. .. .. .. F aint tra o I 
0. 02 Zinc .. .. .. .. . .. . .. .. . .. .. . .. . .. 1. 143700 

Trace 
~: ~:::~~ : Trac oppor .... ........ .......... .. 

II 
Arsenio .... ...... .. ......... . .. 
Antimony .............. .. .. ... . 

19. 350 
G. 230 Po1·tion insoluble in acids. 

Fai.nt trn 
0. 220 
0. 5 
0. 131 
0. 270 

40. 430 , log .. .. . .. . .. .. .. .. . .. .. .. .. .. 0. 137000 0. 140 

0. 067 I Loss .. .. .............. . ... .. ... ___ o. 093 ~ o. 039 

31.9i0 Total ................... ,. 100. 000000 -----1-00-.-00-0 
0. 240 il-rer ... . ... .... ounces to ton .. 5. 067 69.90 

Rational. 

X:Ll. 

0.05 

a1. 446 
36.912 
22. 16 

0. 330 
0. 102 
1. 2 2 

0. 214 

I Portion soluble in~ds.-Con t' d. 
ulphide of antimony ...... .. .. 
tLlpb1tl of sih ·er ............ .. 

. ulphide of gold ............. .. I 
I ron (combined witll F e 2) .... . 

Portion insoluble in acids. 

XL. 

Trnce 
0. 334 75 

Trac 
1. 360730 

XLI. 

0. 376 
0. 275 

Trace 
Tr ce 

lag ............ ............ .... 

1 

0. 137000 0. 140 

Loss ...... ....... .. ... ........ . ___ o~o~...::_ ---~· 039 

Total....... . .. .... ...... 

1 

100. 000000 1(0. 000 

Tile writer lias t!escdbed in t !Jc Bullet-in de In Soci&t6 Chimiqu de Paris a p culiar mineral fo1metl of a1seu :o 
aulpburet of nick I and chrome-iron oxide, wbiob certainly prc.euts a p-eat ana logy with the mattes. 

Lead and iron ma,tte ar · not t he only one 'rbiclJ form in tlJc furnaee. A tbi rcl 
on , wbicb i ' much more inter sting, may be called the calcium matte. 'Ibi matte i · 
formed, like it congeners, of a sulvuidc, snlplJide of caleium , aud of magnetic oxid' 
of irou , cry~tallograpbically combined. 'l'hi matte li as no t been fou nd in ani. olated 
tate, but it exist iu comb ination witlJ cori re, and th e product thus formed i · pr · 

ci ely the lag of Lead,·ille. o that the be t definition of lag that ca n be gi~·eu i · 
th e following : Slag, are co mpound of scori re or ilica te. and of calcium matte and, 
like mo t of t he furnace product·, they are formed of chemical compound ' crp;tallo­
graplJ i all,y combined.1 

1 Although )1r. G nyn~d' ti llefinitiou may lJf:'rbaps ·ecru som what ouscure to the read r, ltl o uot 
feel nfiic i -utly c:crtaiu or hi m nuiog to attempt to mollify it, aod therefore leave i t iu hi~ O\\' ll "'"rtls. 
( . F . E.) 
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Assays of mattes. - Crude matte gen rally contain \ariabl qua utitie of meta.llic 
grain , so that whenever i wa thought advisable the crude matte wa a ayed, a well 
a the powder antlm tallic grain eparated by the ·i v . The fol lowing as ays were 
marl in the laboratory of the Survey. 

rontain ~ 

n t ther 
(So . ~) . 

TAnLE XIV. As AY OF )!ATTES. 

:\!attn. -'o. 1. Ko. 2. No. 3. 

Separates iuto'-

No< I 
Powd r .. .. . . . . . . . . . . . . . . . . . 5 l. 37 9 . 62 79. 32 97. 5 J 

Metallic grains . . . . . . . . . . . . . 4 03 l. 3 20. 68 2. 5 

ilver contents. 
--100-.-00--- 100.00 --1-00-. 00- l- --1-00-. 00-, 

Crnde matte ... . ounc~ per ton . 102. 7344 Kot assayed 99. 0256 Yot~ssaye<l 

Pow(! r .... . . .. . . .... do ... .. 45.47 74.35 6. 63 66. 2s I 
:\Ietnllic gmins . .. . .... . do .... 163. 22 Kotn nyed 146. 6 X tn say d \ 

Gold contents. 

Cr·ud mn.ite . . . . onnc s per ton . 0. 02743 Not a ny d 0. 03 )< ot nssnyed 1 

rowder . .. .... . . .. .... . do ..... 0. 025 Faint trace 0. 03 Trnee 
:lletnllic grains ........ do .. .. . o. 030 Nou assayed o. oa Xotasay<l 

No. 1. Arneri nn melter, 1 nd matte. 
No. 2. Billing & Eilers's sm lt~r, lend mnrte, blackish gray. 
Xo. 3. 'i1mming & Finn's smelr r, lead and iron m~tte. 
Xo. 4. Elgin , m It r, len<! matt , grayish. 

normal iron matte contaiu 
powder of a imllar matt 

Tb norm al lead matte ( naly is L l ) 
r feom imil:l.r matte at the ame a nd 
r (Xo. 4), 45.5 oun e ·(No.1), 74.35 ounces 

T h relati n b tw en t be content f bnllion (repre, ntetl by the m tallic gTain ) 
in s ih· r aurl the c nteut of tb matte in ilver i rather 1 ·uli n.r. In No.1 the 
r ich t bullion 1 J G3 nn ce.., , corr sp nd< to tb poore. t matte ; and in To. 3, t lte poor­
e · t bulli n, l-!Gt oun c s, accompanie the ricll c t matt , 6 ou n E ,·id ntly tllere 
is· nn anta ·oni::; m b tween mn.ttc a nd bullion in which tire latter ha no t.. ahmy tbe 
athantao· . 

ACCRETIONS. 

Tb r are two kintl ' of accr tion form cl in ~be bla t fu rn ace whi ch luwe noth­
in o· 111 co mmon: t iJ e l1 lll'th accr t ion and t h haft a cretion , 

Hearth accretions.- Hearth accretion ar , in o· nera l, verj~ s imilar to matte :but 
om tim es they look mor like lao-· . F rom a \ ery eongb exa mination of the,e prod­

uct it r ult tba t t hey are chi fl.y form d of lao-, and leatl- and iron-matte, and i t 
i t bon o·b t that th wor l lag-matte i t lte mo t appropria,te to de iguate th m. Tb ey 
ar form l of \ariabl quauti tie of slag Fhn tl ma tte, but. often contain nearly eq ual 
pn.rt of botb , and r epr nt in tbe bigh t degree tiJose s in o-ular componud , crystallo­
grn.phically com bin d , which lla,Te been de cribed o often in this report. 
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The writer ba not pur u el1 further the iU\-estigation of th e e beartll accr tt us 
for the rea ou that th e lemont which con titute tiJ em bavo already b eu fnlly xam­
iued and discu ed. 'Ibe following as -ay were made however, iu the ·arne mam1 r a 
tbose of the matte : 

TADLJ:: XV . ASSAYS OF JIEARTllAC HETIOX }' H )!GRAXT )[EI.: fEU . 

----~--

Accretions. - Ko. 1. ,..0. 2. 

cpa rates into-

lag-matte powuer ...... . ............ .. 77. 51 I 63.06 
. .M tallic grains .... .. .... .. . . .. ... . ... . . ~2. 49 I 36.94 

-----
ilver content$. 

C•·uuo hea rth accret ion ... .. ouuces por ton . 

100. oo I 100.00 

I 
47. ~9 16 s1. G-J73 1 

Sl. ~-matt powder ....... .... . ..... do .. .. 2 . 16. 1.25 I 

l l\I talH !!rains .. ...... ....... ... . . do .... .. 

Gold content&. 

112. 193. 56 

Trace I Trace 
Trace Traco 
Tr,c Trnce 

Cruuc b ·a rth accretion ..... onn es per ton. 
Slag- m_nno powuur ...... ....... .... do ...... 

1 ~I eta lllc l!l'nlllS .......... . .... .. ... do . .... . 

-- '---~---
Di ·cussion.-l'he a ay of sih·cr in the lag-matt indicate to orne extent tb 

r la t i\'b propo1·tion of lag aml matt iu the hearth acc:retiou, it b iug e\·id nt that 
To. 1 contain more ma.tte than o. 2. The fact that the poor ·t bul liou, :Xo. 1, !' · 

r espond to the riche t accretion, aud the riche t bulliou, .rTo. 2, to tho poore · t a cre­
tiou, confirm. the imilar ob ernttion rna lc ou t he matte , a nd eem to iudicate that 
bullion i deprived of it ih·er by the matl . 

Shaft accretions.- · ba already been tated , th ·IJaft accretions hav notbiu g 
in commou with hearth accr tion . Shaft accr tion generally re ult from tbe cou­
den ation of ublim ated product . They form thick iucru ' tation. against the lower 
part of the wallt:J of tile haft of bla t-furuace , and occa ioually line th whole of 
tho baft. A t Gage, Hagaman & o.' ' the writer ha e n a mall round furuace 
entirely lined, from th e top of the water-jacket to within ix inche., of the f ed-hol , 
with accretions a foot thick. A Yery complete collection of t ho e product \Ya made, 
a it wa · xpected that in them \TOul<.l l.> found a great conceutt·a. tion of tho metal , 
which occur iu minute quantities iu the or . 

Before de cribiug normal accretion f:l the writer would ay a few word ' co ncerniug 
some 1 rett yellow i h erui-tran lucid cry ·tal ' of chloro-bromi<le of lead fouud by Dr. 
1'11. W. li e in one of tile furn ace at Grant melter, betw en the m<:Li n ca t-iron plate 
support-of tiJe furnace autl the masonry. The e cry ··tals were a ualyzecl by D r. 
lle and found to contain-

Chlorine . ..... ..... . -------- -- --- - ------ ................ .... ...... ·-- --- 10. 340 
Bromine .. ....... ... .... . ... .. : ... ...... ........... .. ..... . ..... . ·--- .. 25.321 
L ead _ ... ... _ . . . . -- ..... - .. ......... .. .. .. , -- . .. - ... . . . . . . . . . . . . . . . . . . . . 63. 9:t7 

99.593 

A small quantity of the crystal were kindly forwarded to tile writer by Dr. 
Des, and were examiued qua litativels; in these were found, besides chloride aud bro-
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lllitl e of leaL!, a ·mall quantity of iodide of lead. Tbey app ared, mor O\"er to lla\' · 
tbe ame ~.:ompo - Itwu a ih • ·l.Jloro-uromo-iodid of !·ad w!Jich wa fouud b,r tb 
\\'rit er i n t!Je 1 addu ; iu which cas they would contain more ·!Jlorine tbnu bromiDe 
and wore uromine than iodiue; but beiug cry tallized it is Yer.r po ible that th ey 
La\·c tbc ·owpo itiou a · io·u d to th em b,l Dr. M. \Y . Ile and tl1 formul a Pb Br 
Cl. 'l'b se crystal · form qnite a u accidental accretion and a r found only iu Yery 

mall q uaut.it,y . 
'l' be norma.! accretion, tlJe one found iu e Yery sm ltet· and in eYery furuac , i ' a 

l i,.Lt cry:;talliue fibrou and porou ma :; \Yitlt a luster like galeua ancl full of ·a \·itic,::, 
spotted wit!J a wlliti ·I.J -.Yellow and reddi ll cru t. Th e fibrou portion is fonn cd of 
a ltem a.te la yer,:: of g-alena-lil.; e nod of yell o""i ·ll-""hite cry · tal . Ko metallic o-rain 
can ue ·een iu t ll e mas of th e accretion, e \·cu when broken into \·ery ·ma ll bit ; bnt, 
while ' Olll' p art · are quite britt! others ll a \·e a tougbne ""hich i do to the JH'e,. 
c nc o f m tallic lead. A imi lar accretion collect d at l\le r ' . B illi u o· & Ei ler s 
~>I uelt r, \ra ' SCJ>arated u_y th e ie \·e iuto powder, 81.25; lead graiD , 1 .75. 

Th e whole aceretiou, po\vder a nd o-rains, wa analyzed in the abo \·e p roportion 
aull fonud to contain, among other substance , au euor111 ou quautity of w t;llli I acl; 
w ore th nu tw ice n much as tbe q ua u tity repre ·en ted by the lead gra in . 'l'bi lead 
i~ .,-j le ntl_y ontlensed Yapor of tbi · metal or ubl imated l ad so intimately mix d 
witb th' ·ulpbid that it pa ·e tbron o· l.J the i vo. 

Anot ll e p int of inter i th la r o· pe rcentn o· of ulplliu e of ziuc found 
\\'hi ·!1 ~ r111 .· tllo yeliowi:sh wllit ·ru ' ta ud layer , ·isible in th accretiou already men­
tion ' d. 

a iJ a l,\ i · of n typical haft accr tiou collected at i\le rs. 

A:>"Al.Y~ I - :XLJI. • IIAI'T ACCHETr :\'. 

J'u1·tion solubl~ in acid 

El mcotary aoalysi . Rational a nalysis. 

Per ce?Jt. Per cent. 
uipb ur . ~ . ... . .... - . ... .. --. -· .. - . . -.-- . .. - ... - Solphidooflead.. .... ...... ...... . ......... . .. . .. 7. 20408; 0 

Load ............................... .... ....... .. ulpbideofbi wuth.. ..... .... ................ .. Trace 
Bi:!lnuth . ... .. ................. ... ............ . . . . Sulphidoofsih·er ..... ........ ....... ....... .... 0.0 66~G 

iiVOI' ... ... . ..... .............. .... ........ ..... O. Oi5H9 ulph idoof gold.. .... .. ............. ...... ...... T1are 
Colli ......... .. ............................. ... '1'.-acoonl~· ulpbidoof coppor .. .... .. ...................... Tl'ace 
'opp r...... .. ............................. .. . .. Tnv Sulpbide of zinc.... . .. . .... .. .. .. .. .. .. .. .. . .. . 10. 41 24000 

z:oc ............. ........ :.... .. . ...... ......... 6 97i4000 nlphido of cadmium ...... .. ........... ...... . Mark ed t race 
~ad Ju it iUl ... ......... . ... . ..... ... ... ... .. . . ..... . Markf'd trnco l'•·otosulpbidoof iroo .................... .. ..... 10.61?0000 

I ron................ ........... ... ........... ... 6.7536000 'u lph ido of nrsonio .. . ... .... .. . .. .. ..... .. . .... . 0. 06-14009 

.A.r~oni ulphid~ or antimony........................ ... . TrtlC 

Antimony . .... .................... .. ....... .. . . . M..talli lead ..... .. .... ... .................... .. 41. 24691 0 

Snlphu1·ionoid ... .. ....... .. .... ... ......... . .. . 0.96"3590 Sulpbato oflimo ....... ....... .. . .. .......... .... l . O~Ill03 

Phosphoric aoid .............. .. ... . .... .... . . .. . 2. 1663252 Pbo, phato of limo .. .. .. .. .. .. .. .. .. .. .. .. . . .. .. . 4. 093704 6 

<.:n.-bouic Mid .... ... . ... . .......... .. .... ... - .. . Ca rbonate of limo . ..... .. . . . . . . . . .. . . . . . .. .. . . . . . Trace 

Limo ......................... .. ... .. ........... . Caustic limo ................ ...... ...... ...... .. . J.o· 4693 

Mn,trnesia .. . . .......... ... .... .. .. .... . ... ... . .... nustic mngu in . ....... . . ....... - · - - - -······ .... 3. 2021540 

OxiLI ofmaugau s . ............. . .... . .... . ...... . :dtloofmnu~.tuoso........ . . .. .... .. . . . ... .. ... . .. 2.i8i 1 60 
.Aiumiua ....... . . ... ... . .. ...... .. . . ...... . .... . 0.0720000 Alumina................. .. . .. .... ...... .. ...... . 0. 0720000 



728 GEOLOGY AND MINING DD TRY OF LEADVILLE. 

AXAL\·sr XLII. DAFT A llETIO. -Continued . 

Portion in soluble in acids. 

El mentnr.l' nnnlysis. Rational annlysi . 

Per cent. Per cent. 
Silica . . . . .. . . .. .. . . . . .. .. . . .. . .. .. . .. .. . . .. . . .. . 10.1000000 ilica .. .. ...... . .. . .... .. .... .. ...... . . .. ...... .. 10. 1000000 
Oxide oflencl...... . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . 0. 4050000 Oxi<le of lend .. .. .. . .. .. . .. . . .. .. .. .. . .. . .. .. . . . . 0. 4050000 
Oxide of >.inc....... . . .... ... . . ..... ... .. . ..... . . 0. 3000000 Oxid of zi nc . .. . .. .. .. .. .. . . . . .. . .. . .. .. . . . .. . . . 0. 8000000 
Oxide of iron................... ... ......... . .... J. 1000000 Oxide of iron .. .. .. .... .. .. .. . .. .. .. . ... .. . .... .. 1. 1000000 
Oxide of manga nese. ... .. . . . . . .. . . . .. . . . . . .. . . . . Tr)l CO Oxide of mnn,.nucse. . ... . ........... .... ........ . Traco 
..llum'nn... ... . . . . .. . .. .. . . . . . . ..... ...... ...... J. 6000000 Alumina.............. ....... .... . . ............. .. I. 6000000 
Lim ·... .............. .. ........................ 2.1000000 Limo .. .. .. .. .. .. .. .. . .. . .. • .. .. • . .. .. .. .. . . .. . . . 2. 1000000 
llagnc in. · .......... .. . ... .. . - --.......... .. ..... J. 0050000 Magnesia. .................. . ....... . . . ... . .. -~ .. . I. 0950000 
Los................... ... ...... ...... .... .. .... 0. 1171501 Los .. .. ......... .. .. .. . .. ....... ............... . 0.1171501 

TotaL... .. . .. .. . .. .. .. • .. .. . .. .. .. . .. . .. .. 100. OuOOOOO Total . . . . . .. . .. .. .. . . . . . . . .. . .. .. . . . . .. . . . . 100. 0000000 

Sil,-()r , 22 ounce to th o ton ; gold . trace only. 

Discus ion:- The point of iutere ti n tbi analy. i. are tb conceutration of p!Jo . 
pboric aci l in the form of pbo pbate of lime, the presen e of cau. tic limP, and th 
pre nee of 2:.,.3 per cent. of m tallic leatl in an impalpable form . A rrlance nt. th 
whol analy i show the clo e resem blanc between accretion and cham I.Jer-d u t, 
the former repre. enting product of ublimation, the latter pr0duct of volati lizatioo . 

Assays of normal accretions . -The "riter prepared a ample of accretions identical 
in appearauce with the one reporteu abo,·e and m~ul e up of twelve pecimen fro:n tb 
followinrr m lter : 

Cummiug , , Finu ........ .... .......... ... . ....... ... ............ .......... 7 

Gran t ... .. ........... . ...... .. . .. .. .. ......... . ............ ... . . .. . ....... . 1 
Harri Oil ... • •....•.•.•• . .• ••••. •• - . . • • • • . • • • • . . • • • . . . • • • • • . • • • • • • • • • • • . • . . . 1 
Gag , Hagttman & Co .. .. .. . . .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . 3 

Total nnmber of pecimen mixed for a say .. .... ...... . ............ _.. 12 

'Ib powd~' anu grain in tbi · mix ture were. parat d, as n ual, by the ien•. 
Th wllol accretion a ayed 21.109:., ouuce of ih·er to the ton . The , p ci men 

analyzed a a.r d 23 ounce , bowing a r markable uniformity in the composition of 
be e products from Yal'iou ource,· . 'Ih.e accr tion powder a , yed 21 ounce and the 

accr tiou grains 23.6 ounce of ih·er to tlte ton. This Ia t figure i. >ery interesting, 
a. bowing t!Je content · in ilver of \'Olatil ized bullion . There cau be no doubt about 
tbi , ince the accretion a.. ayed come preci ely from meltCI'S wh ich run the riebe:-t 
a.nd th poore t hnllioo ;-be ides, if we cou ul t the a ay of lead grains fonnd in other 
prod uct. (the mat.tes and heartlt accretion , for instance), we find that in no in tance 
do lead rrrain contain so li ttle a 23 ou nce of iiYer. 

In connection with the normal n:ccretion jnst de cribeLl will be given the a ny 
of c.ommon accretion , which differ entirely ft'om the preceding. Instead of being 
light and poron, , they are very llea\7 and compact, a.nd con i t ei her of galena whielt 
ba. e caped reduction or of art ificia l gal na formed in the furnace by the reduction of 
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ulphate of lead . Whatever lJe ir origin, they are formed of galena. The ample 
as ayed wa · prepa red from fi, e 8pecimens from the followin o· melter : 

Cnmming & Finn . .. .. .. .. .. .. .. .. .. .... .. .. . . .. .. .. .... .. .. .... .. .. .... . . 2 
Grant....... . . ............. .. ...... . ....... . . ..................... . .. .. . ... 2 
Raymond, 'berman & McRa y .............. .. .. .... ........................ . 

Total... . .. . ............. .. ..... . .......... . . . . . ..... ................ 5 

The wlwle accretion assayed 45 ounces of s ilver to the ton. It wa eparated by 
the ieve into-

Powder .. .. .. .. .. .. .. .. .. .. .. . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. 91.25 
}!Ietnllic lead o-ra ins .. . . . . . . . . . . .. . . . . .. . . .. . . .. . . .. .. .. .. . .. .. .. .. .. .. .. . 75 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100. 00 

The po,Tder as ayerl 35 ouncP. and t lJ e grl'lin 148.5 ounce "to the ton . 
When matte and accretions are no t tbrov•n away pell-mell with the lag , tbey 

are alway roa ted in lJ eap~ in Lel'ldville. .A mixture of uch roasted matte a nd 
accretion ft·om Billing c Eilers ·smelter wa assayed; it con i ted of two fine sp ci­
men , ye llowi h .wbite and red eli lJ on the urface, ful l of large cavitie , and h~wing a 
t lacki h fracture; free nlpbnr wa. ,·isible through on the mas . It wa eparated by 
the i ve into-

Pow1ler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9i. 96 
Grains ......................... . .. .... ....... . ................ .. ·.. . . . . . . 2. 04 

Total .......... . .... .. ..................... .. .... . ...... . ... . . .. .. 100. 00 

'l'he po~vd r a ~a · d ' ._.- oun of , ilver to t lt e ton. 1 

If ''e consid r tlJat th product· roa t d a ay d 22.45 ounce, (accretions), 102, 
7-1.5, DO and 66 oun ce (matte ), re pectiv ly we may w ll a k, wl1 at becomes of the il· 
\ er in thi ruinou 01 eration of roa tiug in heap performed at ·everal melter ~ .A 
clefi.nite an wer i <liiflcult, _, inc if ilwr i ,-olatilizecl it i not kno,Tn in what form; 
but it seem probable tba t, , i nee tile roa ling tal,es pll'lce i u t be open on tlie la o-. 
lJ ap hntl tb roa ting- heap i periodically lea ch ed hy raiu, silwr ma,y be carried away 
in the . ta.t f ulphate. 

Peculiar accretions. -Tb followiurr analy i ha been made of a Yery p en liar 
a cr tion .B nnd at Me-- t ::.; . Cnmmino· ..., Finns melte1·. Tllis accretion i half black 
a nd half · llow a nd l ok like a mixtmeof gal ua and orpiment. It wa epl'! rated by 
the ieY into-

Powder . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75. 5~ 
Lead rrrain ... . ........ .. ... .. . . ..................................... . .. 24.4fi 

Total ...................... .... .... .... .......... , __ ... . . ........... 100.00 

'rhe whol e accretion, powd er aml _graiu, was analyzed ( ce ~nalys is XI;IU), and 
rnore jntere tino· result than tho e obtained coull carcely haYc been anticipated. 
The brio·ht-y llow portion prO\Nl to be a pecu liar Naple ;yellow form ed of arseuio­
!l.:ltimonio- tan nat of lead; and tb who! of the constituents of tba.t port ion wete in 
t h :tate of ox.id s. H rowe find a most re1uarkable iu tauce of conceut.ration, tbat 
of tin, wh ich appar ntly exi ts only in traces t hroughout the camp, and that of anti-

laboratory of the nn y. 
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ruony and ar cui·, which ex it:i t only in small qu autitie iu the ore . 'l'hi · accretiou 
cont~in s t iu, 5.6 pee cent.; autimony, 2.7 per cent.; aud arsenic, 51J r nt. 

The b haYior of t his accretion witll reagents is uotewortlly : tr ated by weak 
nitric acid t ile wetallic gra ins and sulphides, as well as the ex ·c ' of t he oxide of lead 
are di sohed and they llowi h ompouud is l ft untoucll d. 'rhi · r ' idue, t reated by 
·trong uitric acid~ yield ar nite of lead, w!Jich dL solves in t!Je state of ar ·eui ate. Tlle 
res itlue, which is still yellow, i lecowpo::;ed by ·ulphide of amw ou iuw, whid1 di 'OlY 
ti u. Tile residue, tt'eated by weak ni tl'ic acid, in or ler to dis ol ve th sui ph illo of lead 
formed, lea\' behind a y llo\\' powder, wllidl proYe · to b autiwouiate of l ad. Tl.l 
t:ieparation:; iu thi ' instauce are t;O remarkabl t ltat t b relati \ 'O proportion of ar ni t , 
an timoniate, and stanuate of lead forming til yellow compound could in tbi ' way be 
rougl.t ly estimated. 

fu'\'dLYt;l XLlli. PEC LIAR ACCRETIO:\. 

Elementary analysis. 

Lent! ....... ........... .............. . .... .... .. . 

il\~er .. .. . . ..... . .. ..... -- .... . ......... . . . .. . . . 

Golu .. ... .... . .. .. ... .. . . . .. ..... .. . .......... . . 

Ars nic ·--······· ·- ····-·· ----· ··· ·--· ··· · ···-·· 
utilllOn) ...... .. ....... . .......... . ... . . ...... . 

Tin··· · ·- ····· ·--· · ··- - · ·--·· -- --········ · ··· ··· 
Iron .. ................... . ..... .. .. . ..... .... .. . 
Zinc .... . . ........... . ..•... ... ..... .. ..... ...... 

'u]pbur . ....... . ..... ......... . .... ... ...... ... . 

Oxygen .... . ........... . .. ..... . ........ . . .. ... . 
P cro>:ide of iron .............. ............. . .. .. . 

Aluwina ... .. ......... .. ... ..... .. .. .. . .... . ... . 
Sil\ca .. ... . ... .. . ............ . ........ .. ........ . 

Los . .... .............................. . ...... .. 

TotaL ........ ..... ......... .. .......... . 

iJy r . ...... . . ... .. .. . . .... . ..... ounces to ton .. 
Goltl .. ........................ . .......... . tlo . .. 

70. 63JJ9 

0. 29700 
0. 00075 
5. 00925 

2 69680 I 
5. 5934: 

0. 02 00 

2. 83000 

0. 00007 

JOO. 00000 

6. 623 

0. 2Jb<J 

I 

Rat:ooal analysis. 

Metalli c gra ins: 
L ent! ... .. . .... . ..... ... ........... ... ..... .. 
Sih·e r ...... .... . ............... ..... .. . .... .. 
Ar ODiC . .................. . ........ .. . .. .. .. . 

Autimouy . .... .. ...... .. .. .. .... . . . . .. ..... . 

TID ... .... .. ................................ . 
ulpb i<lc of lea(l ................. ........ ... . 

ulpbid s-
' ult>bido of iron ... . .. .. ................... . . 

ulpbitlo of silver . ..... . ..... .. ..... . .. . ... . 
Sulpbitle of 1 atl ..... . . ..................... . 

O.x.ido of lead compounds-
Oxidu of lead ... ............. .... ..... ...... . 
Oxide of zinc ... ......... . .. . .... .... ... . . .. . . 

Ars~nious acid ...... .... ....... .. .......... .. 
A ntimonic ncid . .... ......... . .... ... ...... .. 

tannic acid . ... . . . ..... .. ........ .......... . 
Oxiue of golcl .... .. .... .. ............ .... . .. . 

"ili cic achl . ...... . ....... ... . . ....... . . ... . . . 
AlunJin:t. · .. ..... . . ... ... .. ........ ......... . 

23. 7t921 

0. 10800 
0. 02500 

0. 05500 
0. 23100 

0. 2 1913 

0. OHOO 

0. 11 ~66 

1 . 9692< 

32. 62459 

'l'r.tee 
6. 5<900 

a. so oc 
6. 81666 
0. 00075 

2. 83000 

0. 60000 
P erox ide of iron .. . . .. .. . .. .. .. . .. . . . . .. . . .. . 3. 45000 

I Loss .... - -~~t~~- :::::::::::::::::::::::::::::::::: --io~ 
·-----'----

Discu sion.- Tbe rational report toaj· be ex pre ' :-.;ed under the imp! form: 

:Motallic g rai n: . ................. . ......... ... ............... . .. . .... . 
:Metall tc ulpi.Jitle .......... ... . ..... ............... ................. . 
Oxide oflead compouucl .............. .... ......... .. .. ... .......... . 
Lo ....... . .. ........ .... ........ ....... ..... ..... . ... . ....... ..... . 

24.4;)734 
Hl.l269:1 
5<i. 41506 

0.00067 

Total . .... . ......... . .......... .. ....... . ..................... . 100. 000 0 

The writer bas fouud tltat silicic aei<l, alumiua, a nd peroxide of irou '"ere com­
biued with oxiUo of lead in the tate of ·i licnte, alumiuat(', and ferrite; a for gohl , it 
i a \Y ell -known fa ·t that tbi meta l i ·oxidi zed l>y o:si<h.: of' tiu nod eotubiu e witlJ it. 
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Peculiar accretion found at Gage, Hagaman & Co.'s smeltei'. - Tbi ac -r tiou was a thiu, 
compact, yelluwi b-oTeen ma s of altcru ate lay r ~ of sulpbitle of lead aud yellowi ll­
green oxi<le ; it contaiu ecl ouly a very fe w grain of lead iu fi ne partie! s. Tlli s 
a ··cretion is remarkable on account of the normou quantity of zine concentrat diu i 
(·53 per ceut.), chiefly in the tate of ox i<l e (65.5 per ceJJt. ). It i a lso tll oul · accre­
tion iu wllich were found trac s of cblorin , bromine, and iodine. 'lb rational report 
of the aoaly i ha beeu arranged .o a· to ~ bow a clea rly a po~dble llow the differ­
eut ubstauce are mixed or com bi n d . ulpbide of ziuc wa., estimated b,y meau ~ of 
t he su1ph tu eted hydroo-eu eYolved on treatiug the accretion with weak ulpLuric acid. 
Jo iron \Yas present in th e solu t ion. 

Trace of t ll e il Yer reported a ' cb lorid e.xi ' t in tl1 stat of n1phid . 

E lementary an aly is. Ration al analysis. 

Lea u . .. . ........... ... . . . . . . . . .. .... .. ···· ··· · · · ulphide of J~ad ... ........ . .... ..... . ... . .. ... . . . 
Zinc . . ... ...... ..... .. .... . . ............... . . . . .. . . ·Sulphide of zinc ........ . . ...... . .. . ... _ .. . .. _ .. . . 

il\'Of . ... .... -· ... -. · ... · · ·- ·. · - · · · ·- · · ·- - - · · ·• · 

Chlodno w·ith traces Br, I . .... .. . ........ . .. ... . Osi<leof zi nc .. . .. . . .. -._ ..•. _ . . ..... _ ..... . . . 
nlphuric acid .. . .. .. .. ... ............. .. . ..... . ulpbateofl ad ........ .... . .............. . . 

0.071 5 Oxic! of l d .... . } . j 
0. 0565

1 

Arsenious acid . . in combination . ... .... l 
13. 7513 Anllmouiou nuid 
~ - 7254 Chloride ofl cnd, with trn e. Pl>Br, 'Pl.> I. .. . . 

l . 3'15 1 hlorido of ih·cr, wi1..b tr<\Ce~ .:lg B1\ .d.~I .. . 
0. 3~ • P eroxide of :r~n (mix d. not com l>inec1) . .... . 

1l r '-' ll iou acid ..... .... .......... .. ....... . .... . 

Autimouitlu acid .. .. ... . . .. . .. .. ....... ... .... . 
Ox)·gcn .. ........... ... ...... .. ........ . .... ... . 
SnlpbuY . .... .. ........... . . ... .... ... . . ... .. .. . 
J e•·oxide ofiron . . .. . . . ...... ......... ..... ... . . 

A111Ulill!\ ····· · ·-------··- ·- ···················· · 

0.2007 1 .AlumiD!l } ( 
0. 1.'> Lir . . . . pnrLly co<nl>iu~d with '< iOt ..... ~ 
1. 5770 liabrue3i.1 l 

Llmo ... . .. .... ........... . ... . ... . .... .. . . ..... . 
M:t rru Shl ... . ............... . . .. ...... . ...... . ..... . 

ilic:\ . . _ ...... . . . ... . .......... .. .......... . .... . 

Lo . o. 0504 I i lica .......... . .. . ..... . ......... ....... . . . . 

Ptr cent. 
17. 005 

1. 0070 

(j',j. 55j0 

J. 0 Ol 

10.5341 
o.oa ;; 
0. 0:;65 

Tnt ·es 
0. 120 1 

1. a 15 

0. 31125 

0. 200i 

0. 1 ~ 

I. f•i 7(J 

Totnl. .. ............................ . .... . JoO.OttOO 
1 

Lo s .... ... ... .... ... . ......... . .... .. . .. ... ... . . __ o_. u_.;o_4 

==-= 
ih 1' ............. ... ............ (ltmce to tf'ln.. 2i . .)327 Total .... . ........ .. . ...... . ....... .. ... . 100. 0000 

G-old .......... . .... . ...... . . . ..... .. ..... ....... 1'rn 'O only 

E TION V. 

TllEOR.ETI ~L DI CU IO 

llEA.01.'ION IN 1.'llE llL T·FillmA ES. 

'l'o form a · n ·-ct couceptiou of tbe m tallurgicalr action · in tL blast-fw·nace 
of Lea<lville we must take into consitl ration-

(1) The great altitude at wlli h the melting operations tak place, which ruodi· 
fie· to a cou ·iderable extent. the volum e of the bla · t and the volatility of Yolatile com­
pou 1Jl1s . 

(2) Tb c mauu r iu wbicb tbe melting charges are di po eel in the fnruace. It 
Las be 11 en a lready th at the ores and fl.uxe · are pl aced between two lay rs of fuel, 
o t hat iu all t he zo n of t li e fnrna • abo,·e !Los of ag-glomeration nud fusion tlle 

rea ·tions take place by actionR of gase 11pon olid uu ta u e , nud t!Jat iu a Y ry 
li111 ited pace on ly reactious by co ntact of :soliu ma.t,t r can take place. 
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(3) TIJe element. of the bla t: Os:yg n. nitrog n, moi 'tur , and carbo11i acid. 
(4) Tb e element of the fu el: Jn coke, carbon, moi, tnre, a littl e ulphi<.le of iron, 

and a con illera ble quantity of a -ll, formed of ilicc , alumina, lime, a nd oxid of irou; 
in cllarcoal carbon moisture, and a. littl ' a ·b , compo eel of alumina a nd alkaline 
carbonate . 

rJ 'l'h e element of dolomite : Carhonic a ·id, lime, tn<lgnesia, with mall quanti­
ti s of iron aucl otller ub tan e . 

(G) Th e element of hematite : 1 cros.id e of iron, protoxide f iron, carbonatl:l of 
iron, wHh mall qnantitie of other substance . 

(7) The elements of the ore : Carbonate of lead, ulpuid of lead, ulphate of 
lead, p;yrite, oxide of iron and manganese, clllorophosphate of lead chloro-bromo­
iodide of . il>er, gold zinc, titanic and molybclic acids, and ar enic and antimonic 
acids, witll ·mall quantitie of cobalt., nickel, and other sub tance . . 

Th e examination of the furnace prodnch, which bas alr ady been mad , atforrl 
mean of pointing out witll pr ci ' iou wha becom of the elem nt introduc diu the 
fnrnace. Th e analy e of lag, bullion pei ·. , lu t, and mattes are fair r pr enta· 
tive of the com plete or normal rea tions of the furnace, a nd tho. e of II artb and 
llaft accr · lioo , of in complete or accideut<1 l react ion . B nt bcfor enteri n · into tb e 

con ideration it i n a ry to pa . in re,iew· the wiu cipal rea tions f lead . i!Y(;'r, 
and iron com pound , and to tn<ly their actiou upon each other and upon th chi ef 
ino-redient either u ed in meltino- or produced by meltin o- . t the am time tre::; 
will be lai l upon the reaction that a r represented by pecim n found in the fnrnac · 
of Leadville and kept for refer nee in tl.Je coll ection of t lJe G ological ur~ y and 
al o upon th reaction which wer r ,·caled by a naly i . 

REA TIOXS {H' LEAD CO:UPOGXDS. 

No. t. Reactions of carbonate of lead. - Carhonate of lead lo es it ca rbonic acid 
bAtw en 1700 C. ancl :..00° C. (J. A. PIJillip ), 1 and i converte<.l into protoxiLle of lead. 

No.2. Reactions of protoxide of lead.-Ox.icle of lead combine in tb dry way with 
. ta nni 0 acid, ar enious an<.l a r enic acids, antimoniou and antimonic acid anLl with 
peroxi 1 of iron ami oxid of zi nc (Bcrthiei' )2 The e reactiou take r lac in th 
fni·oa ce. as i hown by aualy e XLIII and XLIV of peculiar ac r tion . 

No. J.-Oxid · of lead i partially reduced to tbe metallic tate by magnetic oxide 
of iron with fo rm ation f p roxiLle of iron: 3Fc30 4+2P b0=Fe3 0 4 +3Fe20 3+ Pb0+Pb 
(Berthier). Tb e fact tllat orne lao-, ( e amtl y c of slaO's) contain peroxicl of iron 
in the tat of ·ilicat eem to indicate t ll at thi . reaction ta.kes pl ace. 

· No. 4.~0xide of lead in exec i red uced to the metallic · ·tate by ulphnr with 
forma ion of ulpbnrou ·acid: 2Pb0+ =~Pl.>+ 0 2 (Ber tbier). 'J' bi reaction no loubt­
ed ly ccur · when the charge ontain pyrite . 

No. s.-Oxicle of lead i rcclnc d b~· arsenic witll formation of lead and arenite 
of' lea 1: .J.PbO+ = PbO A -0 3+ Pb (Bertbier). 

No. 6. - Com·er · ly, metalli c lead reclnces ar eni te of I a Ll with form ation of bas ic 
ar .. euit f lead and ar. eniuret of le<~d: 2 (I bO,A U3)+4Pb=5Pb0, A.·03+PbAs 

1 Li .;hig nnd Kopp's .Jahre ·b., 1 ~, J , p. 357. 
~ All I be qnota.t ion frolll Bertbier are taken from hi s Trait6 des e ai pnr Ja voie cbe, Pari s, 

1 '3,1, and may a lso he fouutl in Percy's Metallurgy of Lead, Loudon, 1 70. 
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( Berti.Jier). The pre euc> of a r enite of lead iu all th oxid of leall COillJ)O uod s of t!Je 
fmnaee and t !J e pr seuc of a r ·en ic in bu ll ion bo"· that reaction· 5 and G are f rr . 
qu nt occnrrenee. 

No.7·- utimony acts on oxide of lead, and lead on oxid of autimony iu til 
sam "·ay a ' with arseuic (Berthier). Tile pre euc of antimooiou acid in oxid ' of 
lead omponnd allll of antimony in bullion s!Jows t!Jat t be-e rea tion a r con tautly 
taking plac> in tb e furnace . 

No. a. -Protoxid, of lead i reduc u to tbe w >tallic ·ta,te by irou wi t ll forma tion 
of maguetic oxid of iron: 4Pb0+Fe3=Fe30 4+ Pb (Berthier). To tbi rea tiou is 
m1doubte<l ly due part of tb magn 'tic oxiLI, of iron fo niHl in lao· and other furoa 'e 
JH'Oll uet ·. 

No. g. Protoxide of lead aml sili a combiue a ily at tbe temperatur at xrhiclt 
the xid of leall becom · pa ty . Tbe iii ate 3Pb0 i 2 i.' , ·ery fu ible and n~ ry 

tluid. Th ilicatc2Ph0, i02 i·pa rs ( Percy -Beck).1 Tb >pre n eof silicateoflcad 
iu a ll the la o-s bows that tbi ' nb -tau e is form ed in t it , furu , ce. · 

No. 10. Oxide of leau aoll galeoa. -lu thi · \YCll ·kllO\\'Ilreaction ·ulphurou ' acid i 
e•ohed <HH.1 leat1 is red need t tbe meta ll ic tate (H rthier, Percy- mitb ) : PbS+ 
~Pb0=3Pb+S02. Tbi - i ' ooe of the fuud a meotal reacti 1.! , of bla ·t.furnac wl.Ji ·Ll 
Ln be •11 pr.J,·ed too oft ' ll to uc ll d emou , tratiou. 

No. 11.-0xide of I ad i ompl >t ly r tlucell to tlle metalli · tate by ·harcoal, 
ok oxicl of a 1·bou, hytlrog o with for matiou of carbonic o ·id!'l, carbonic acid allll 

wnt r (Berthiec P .orcy and other ). 
No. 12.- xide of lead i ' redu <I u zi nc to tb, metallic ' tate by forma tion of 

oxid f ziu : PbO+Zu=Pb+ZII (Bertbier). The oxide of zin · depo -ited in accr · 
tions aud fume.' i - uud onb teclly produced in t hi ' " ·ay b.r zio r ed uc <l iu tbe zon of 
·agglomeratiou. 

No. 13. Reactions of silicate of lead.- ilicate of I ,ad behave ' alu10 -t exactly like 
protoxide f lead iu it · reaction · upou ' nlr bu r, iron cale ·,i ron, carbon carbo ni ·oxid e, 
ga len a, tc. ( Pcrcy-B cl; ). 

No. 14.- iii cat of I all i , 'Olllpletely reuuc 1 to t ll c metal lic state b.r mixtnr<> ­
of oxid of iL·on <W<l ca1·bon ( P •ruy-Be ·k). Tl.Ji , is undoub tedlj· one of tbe bi f reac­
ti 11 of tll f'uruu ·cat t lw zou" of ago·lom ration; but reactiou No. 13 take place iu 
1110 ·t of t il e zones of t ll fo ma ce. 

No. 15. Reactions of sulphate of lead.-SnlJlbate of lead i decom po -ed by · iii a wit h 
e ,·olution of nlpllurou ' acid a nd oxyo-en and formatiou of , ilicate of I ml (B rtbi ,., 
Pe l' _y ). · 

No. 16. - ulpltate )f lead i r dueed by lead to tbe t~tte of oxid with e ' 'olution 
f · ulpllmou ac.d: I bO 0 3+I b=2Pb0+S02 (BerLbier, Per ·y-Sm it b). 

No. 17 . - ulphate of lead is reduced by irou to the metallic tate with formation 
of magu 'tw oxide of iron anl1 sulphitl of iron: PbO, 0 3+ 4F =Fe30 4+FeS+Pb. 
Tlltrc i but lit tle t1o,ubt t hat tLe ma tte ' of L ad,·ille owe t l.J ir origiu iu oTeat part to 
t hi s ret1nctiou. 

wbv naru <l foiiOIY P rcy' , are takcu from 
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No. rB. - ulphate of lea d i · reduced by carbon to th tate of ulpbill : PbO, 
S0 3+02=PbS+:! 0 2 (Gay-Lu sac),' and al o by carbonic oxide ( Roclw(lll ) . ~ Th 
su lphide of leatl of th e matte i produced partly by the c rea tion . 

No. 19.- ulpbate of lead i decompo ed. by lim with formatiou of nlph ate of 
lime and oxid e of lead; nlpbat of li me ba been pointed ou t in the anal e of orne 
furnace product . 

No. 2o. Reactionsofsulphideoflead.-Sulpbide of lead i ~ omewhat volatil; it i 
sublimated at high temperatnr (Berthier, Percy ). Thi ublimated. gn,l na in fin 
di tinct iri ated cry tal i one of the conRti tuents of norm al haft accretion . 

No. 2x.- ulphide a·nd oxide of lea (l react upon each otb.er with formation of 
merallic lea d and sulphurou acid ( ee reaction }lo. 10). 

No. 22.-Sulphicle of lead and metalli c lead combine together and form ub ul­
phide and alloys. Theanaly e of bullion and ldmming pro'e this reaction. Mor -
over, the metallurgical collection of the Sun- y contain pecimens of alloys llighly 
charged with RU lphid e of-lead. 

No. 23.- Sulpllide oflead i reduced by zinc : Pb +Zn=Pu+ZnS (P rcy- mitb ). 
Th e ulphide of zinc found in norma l accretion aud a l o in lead fume i ertainly 
depo it('(l in Yirtue of this reaction. 

No. 24.- ulphid e oflead and ulph ate of lead react upon each other with forma­
t ion of m tallic lead a nd sulphuron acid: Pb + PbO,SV3=2Pb+2 0 2 (Berthier, 
Percy ). 

No. 25.- Snlphide of lead and irou produce one of the mo t impor tant reaction 
of the bla t furnace; lead is completely redncr.cl to the metallic tate and s ulphide of 
irou i formed : Pb +Fe= Pb+Fe (Berthier). Mo tof the ulphide of iron in matte 
i produced in tbi way. 

No. 26. - Sulphide of lead aud oxide of carbon act sli ghtly upou each other with· 
formation of sulphide of a rbon (Rod we11).3 In a ll probability ome of the ilica found 
in tllat portion of the fume whi ch e cape in the air is volatilized in the ·tat of sol -

• 1 uitl e of iliciurn by the snlphi<le of carbon tbu produced. 
No. 27.-Sulpbide of lead mixed with liw e at,tl ca rbon is partly reduced with for ­

mation of ulphide of calcium ::tncl carboni c oxid e : 2PbS+Oa0+ =Pb+Pb , aSJ.. 
CO (Bertbier). This important reaction, which undoubtedly takes pla ce in thfl zone of 
agglomc 'ation of tb e furna e, account: fo t' the ulpbitle of cal·inm iu the lag . 

No. 28.- nlphid c of I ad, beate r! with oxide of iron and carbon, produces metal ­
lic lead and sulpllidc of iron: 4PbS+~Fez03+3 =4Pb+4FeS+3002•4 Thi react ion 
is interesting as inclica.ti'e of what nctnally take place in the furnace. 

No. 29.- Sulpllide of lead and ba ic tli ate of protoxiue of iron react upon each 
other with formation of wetallie lend, and iron anclleau matte: 2(3Fe0, i03)+5PbS= 
:? (2F O, i0 3)+2(Pb , Fe ') + Oz+ Pb3 (P ' I'C.)"-Olond ). Tbi important reaction is 
illn ' trated by the pecimen , of heart b. accretion or lag-matt in t l.J e collection of 
tll e urvey. 

1 Ann . de Chjm, et <.le Pbys., 1 ~6, 73, p. 435. 
• Jonrnal oft he Chemical . ocicty, new series, 1863, p. 42. 
3 Journal of tb o bem. oc., ant a cit., p. 48. 
• Jordan , Erdmann' Jonroal, 1 n, l 1, p. ~34. 
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No. 3°· Reactions of phosphate of lead.- Pbo ph ate of lead forms, witb chlorid bro . 
mid , and iodide of lea<l , Yery volati le com ponnd (A. Gn.)::trcl ). This i prov~d by 
the analy:i of.roa ted chamber-do t a nd by that of tb . mol; canO'bt in the Bar tlett 
flit r. 

No. 3L- PJJOsplJateof lead i re lnced by carbon and iron to the metallic tate, lik 
ox ide of lead (Percy Cloud ). Part of the pbo pboric aci<l found in tbe lags come 
from thi . reaction. 

No. 32. Reactions of chloride of lead.-lt is a, well·kllO\Tn fact that chloride, bro· 
rnide, a nd iodide of lead are volatile compound · h nee their con taut presence in I ad 
fumes of e,·ery kind in Leadville. 

No. 33 · Chloride of lead with lime and carbon .- Cbloride of I acl is reduced to ti.Je 
m taUic state with formation of chloride of calcium and ca rbonic acid (Bertbier): 
2PbClz+2Ca0+ =Pb2+2Ca lz+C02. The ana ly e of lag· bow that this reaction 
doe not take p lace in Leadvil l . It i ch i fly cine to tbe fact that chloride of lead i 
volatili zed befor carbonate of lime is clecompo eel, and it ind icates that there would be 
an advantag·e in u in g ea usti<: lim e in tead of raw lim tone. 

No. 34. Ch loride of lead and galena.-The e two ub tance form a very volatil 
cb loro- ulpbiu e of .I ad imilar to ga lena (Bert!Jier). Tbi product !J a been found in 
tbe portion of the lead fum es lost in the a ir. 

No· 35· Reactions of metallic lead.- Lead i omewbat \ Oiatile (all author ). It ha 
b en e n tbat normal a cretion ar chi fly form ed of ubllmated lead, and the con· 
t nt of tbi ·ublimated I ad in ih-er were al o g iYen . 

REACTIO!"S OF dLVEH CO )lPO UND . 

No. 36. Reactions of metallic silver.- ilnr i omewbat ,·ola tile (all authors). The 
a ay of nblimate<l bu llion fou nd in normfl l haft accretion rri'le an idea of the rel­
ativ pr'O J ot·tion of I ad and , ih· r vo latiliz d and nblimated in the blat furnace. 

No. 37· Reactions of sulphide of silver. - ulpbiue of il'ler combines with metallic 
ih· r and with ulphitlP of lead and iron. T!J ana ly e of bullion, kimming , and 

matte . bow tb::.t the · react ions take place iu Lca cl ville. 
No. 38.- ulp!Jid of il'l r h atetl with ox ide of I ad i rednced to t!Je metallic 

tate wirh formatio n of an alloy of lead an<l ~ ih'et· and ulpbnr u, acid: Ag2 +2P~0= 

2(PbAg)+ 0 2 (Per ,'i'· mitl t).1 

No. 39·- nlpltide of si lvet· i not ompletel.r rcclucNl to the metallic tate by 
m tallic lea d in exc s, (Percy). 

No. 40.- ulpbi(l e of siln·r i com pi tely r dnced to th metallic tat by iron , 
\Yitil formation of ulpbitl of iron (Bertbier, I ercy aud otbcr.s ). 

No. 41.- nlp!Jid of , ih" r i' no t omple tely red uced by iron io pre enc of an 
xccs ·of sn lphicl of irou (A. G nyard). T !J matte analyzed in . L, and ';'hich y~eld ed 
u.OG7 onnces of. ih-er to th ton by ·ol'ific::. tion, gave only 0.16 ounc s when 1t was 

tr'ated d irectly with finx, Jit!Jarg>, and iroo. Tbi ' experi men t thro·'' li ght on ma n · 
fnmn •f' reaction s. 

Reactionstof chloride of silver.- W ha.t i aid fo r cblorid of ilver i true for bromide 

a nd iod itl . 

' Qn~"t.a tions from Peroy aud his a· ist!l.nt nre 1aken from Percy' ~1 talls rgy of Silv rand 
Gold. Pnrt 1. London, 1 0. 
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No. 42.-lt i ·a well -known fact tl.wt tlli compound i volatil · 11 nc l td pr -euc 
in large q uantitie iu th e lead du t and even in the lost fume,. 

No . 43 .- 0hloride of silver i reduced in th dry way by metallic 1 ad and also b 
metallic iron . I t i O\Tiug to the -e important r action that ~o mu 11 chloro-bromo 
iodide of lead i formed antl tbat ~o much ill-er i reduced it;~ the bullion. 

HEAC'flOX ' 01' !HOX O~ll'OU :\D . 

No . 44· Reactions of c<rrbonate of iron.- arbonate of iron is reduc d at red b at to 
tbe :state of wag-netic ositlB of i ron with format ion of carbonic oxido ( l. Lowtl1ian 
Bell ),1 with formation of peculiar magu ti ·oxide of iron , coutaiuinrr an exce · of pro ­
toxide of iron (Percy).2 The writer bas found a imilar magn tic oxid of irou in ~;lao- ­

and matte . 
No. 45· Reac <c ion3 of peroxide of iron .- udt>r th e influence of carboni~ oxitl , p roxid > 

of iron begin ' .to lo e oxygen at the temperature of 200° ., protoxide of iron being 
formed a well a , carbonic aeid. 'Ihe decomposition in cr-ea ·e rapidly with tbe tem­
perature until it reache · 4170 '. Th e Joss iu oxygen is grate r in tl.le arne lap of 
~ ime in a rapid eurrent of C<trbonic ositl . At 410° 0 . p roxill of iron lo -es 3ti per 
cent. of its oxygen iu a. IO\Y current of carbonic oxide aud 56 per cent. in a rapid cnr­
r nt of tLc arne ga ·(Bell ). Jb tl1 e bla ·t far iJ<ICt> of LE'a(hill tlw couuitiou:; a r 
tho ·e of a rapid cunent. To form magnetic oxid , peroxide of' iron mnst Jo-e 11.1 per 
c nt. of it ' oxygen and to form protoxid of iron 33.3 p r c nt. on -equeotly at the 

' t mpcrature of 4100-i . . , below red beat-and iu a rapitl cnrren t of carbonic oxide 
peroxide of iron losing more tban 50 p~r c nt. of it oxygen, som metallic iron i , 
produced. 'Ihi:s i au important fact but on which is profoundly moditi d iu Lbe fur­
nace, wi.Jeio ca:-bouic oxide is diluted with nitrogen and carbonic aeitl. 

No. 46.-.d.. t the temperature of 41·, o 0. -that i , at tl.le lemperatur at which metal­
lic irou mal_;e ' it· appearance-it is rapidly attacked bJ carbonie acid, with fot·ruat,ion of 
oxide of iron a nd oxide of carbon (Bell ). 

No . 47 -- A the arne temperature of 4170 (). a mixture of equal Yolume· of car­
bouie acid and carbonic ox ide xerts no action upon metaUiu iron, but at full red I.J eat 
t be carboui · acid of tbe mixtur i · rapidly d~ omposed and converted into <·arbonic 
oxid (Bell ). 

No. 48--i\lixtur'S of carbon tc acid am\ oxide reduce peroxtde of iron , bu ~ only to 
ti.Je tate of protoxide, at tLe te mperature of 4l7° 0., witl.l formation of uarbo oic aci tl 
(Bell ). 

No. 49--.::\. mix\ ure of carbonic aeid witb an exce s of oxide of cc~tbou (00 2 9 
YOlume , ()0 100 Yolume ·)oxidize ' spongy iroo , e.ud carbon i:s d po -itecl from reduce I 
oxitle of carbon, oxitle of irou beiog fo rm ed. Pure pou gy iron tLu ' tre<.ltetl ba for 
compo itioo F =!H.4:.l, '=0.33, 0=8.25 (Bell ). l 11 pure oxide of carbon ::;pougy iron 
tal> · up as mucll a ~3 p r cent. of ca rbon (Bell ). 

'Ibe above ·on ' ideration , wi.Jiell are purely ti.J.eoretic& l, are interestiug a· bow ­
ing ti.Je mecbani ·m of tb e formation of ca ·t iron in tbe bla ·t furnaces, ,ucb as tho ·e 
of L atldll , in wlli ci.J the phenomena of lead and sih·er m ltiug take place jointl.r 

--- ----·-------
t All quotations from I. L. llell a re from b:s Ch ~ mi cal Pheuomeou of lrou , melting. Lou­

don, 1 . :2. 
• Peres's M tallurgy of lrou aud ' tctl. Loudon , 1 64 . 
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with tho e of iron melting; but the following experiments mnde by I. L. Bell in tile 
iron blast furnaces in the presence of the gase actually produced in sm lting , bow 
with more accuracy the real process of the reduction of iron: 

(a) Furnace worldng with raw lime tone; pieces of calcined Cleveland or or 
artili~ial hematite kept for two hours in the zone of the furnace below r cl point. 
Compo itiun of gase : C0 =100 volume ; C02 = 25 volumes; N =190 \'Oluwe . TIJ 
ore lo e 11.85 per cent. of its oxygen (mean of two experiment ·). 

(b) Same experiment a in a, but in cherry-red zone . . Compo ·ition of ga · ·: 
C ~ =100 volume ; C02=8~ volumes; N =172~ >olume . The or Io e 76.~ perc nt. 
of it ' oxygen, bowing great reduction of iron. 

(c) ameexperimentasinaandb, but in bright·red zone. Composition ofga ·e~: 

00=100 \~olumes; 002=31 volume· ; ~:r =169~ Yolume . The ore lo ·e 73. perc nt. 
of its oxygen. 

(d) :::>ame experiment a preceding bu t in ,·ery bright-red zou . ompo itiou of 
gases: 0=100 \' Olurnes; C0z=3 >olumes; N=l 3! v lume' , TIJ ore lo ·e 0 per 
cent. of it oxygen . 

(e) arne experiment a preceding, but in inten ely brigbt-red zone near tuyeres. 
Composition of gases : 00=100 >olume ; C0t=5 n>lumes; N=!"i~2 ,·olume, . Til 
ore lo e 71 p r cent. of it s osyg n. 

To int rpret con tly th ·e ex periment w mu t take into con ideratiou tbat 
tb or uoe uo t r main expo eel t' o hours ·to the infln nee of the ga e of th ame 
zon in the furnace of Lead ille, ~nd that. although th e reducing power of the cor­
re pouding zoo is . en · ibly th ame the quaotit ·of ore reduced is greatly tlimin­
i bed. 

Reactions of sulphides of iron.-Pyrite exi'ting in orne ore and ulphide of iron 
being form din the furnace tb following reaction are intere ting: 

No. so.-Proto ulphide of iron and peroxide of iron a~t upon· each other wi tl.l 
formation of magnetic oxide of iron and ulpburou' acid: Fe +10Fe20 3=7Fe3 0 4 

+ 0 2 (Percy- ocil tart r· ). To tbi reaction i · probably due in part the magnetic 
os.id of matt ·. 

No. sx.-Iron pyrit 'an l oxitle f lead react upon ach oth r, gi'e off sui] ilur u · 
aciu, and form a magn ti · mi . tu r of ulphide and oxides of ll~ad and ilon (.E er .v ). 
In thi · iu'tance tue orio-iu of ma tte' i · clearly indicated . ' 

OHJ,;MIO.A.L DISCU~Sl0 .:-1 OF THE LEADVILLE F RN.A.CE . 

The object of tui' discu siou is to illu trate the chemical and metallurg-i a.J r · 
action of the bla t furnace, and it i ba ed a · much a · po sible on general a\'erag-t>s 
obtained during the pr paratiou of thi · report. 

It ltas already been ·een (Table IV): 
(1) T hat the <Hera.ge proportion of fuel to ore is 3-. 3 per cent. 
("" ) That the average proportion of fu 1 to charge i 24:.03 per cent. 
(3) That the average compo ition of the fu el u ·ed in tue camp i : charcoal 5i 

per eut.; col\e 4:3 p r c nt. = 100 p r cent. 
(4) '.£bat the aYerage proportion of ash iu coke i 22 per cent. and in cllarcoa l 

2.5 per cent., giving for the fu 1 nuder con ·ic! ration au average oi 10. per cent. of 
l\IOr .X:U-- 47 • 
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a !J . \Ve '"ill assnmo from t!Je ua ture of t !Ji ru >I tlla.t it a ,· rage proportiou of 
moisture i equal to 5 per cent. a nd of ga 'e 3 per cent. 

Raw materials-- The a>erage compo ition of ore, h rnatit , dolomite, fuel a ll iu 
fu el, and atmospheric air "hich will be adop ted in thi di cu ion is th followiu o· : 

Componenc-patt . Oro. F uel. H mntit . Dolomite. , 

-----1-----1-----

~~:E}:n ~:·/:: : :::::: :::::::::: ::: :: :::::::::: :::::::.:::. ::::: ::::::: ::::.::. :: :.1. .. .. J. ~. :::::: ::::::: ::::::::: ;;_: ~~ 
Oxygen .... .. ... .. .... ..... .. .. ... .... . . . . ..... 9.5a 22.50 21.H 
Carbonic acid........... ................ .... ... 5.58 ......... . .. ...... ~;:·;r ::::::: :: : ........ ~: ~~ - ~ o.o4 

M oi turo. . . . .. .. .... . . . ..... . .. . .. . .. .... .... .. 5.53 . 1. 92 0. 10 1 5.00 j······ ······· 1 l o· 
Lend .. ................ ... .................. .. .. 23 . 00 ...... ............ .. .. ..... ......... ...... . ...... .. ......... · .. . 

o.a1 .. ........ .. 1 .... .. ...... 1 ...... .. ......... .. ...... , ............. . 
hl talliciron ............ .... : . .. .. ......... .. .. 1 . 10 , 52.50 ....... ... . .. ... ..... ........... . ........ ......... . 
Alumin~ .... . .................. . .. .. .... ....... a. 99 0.50 .................................. .......... .... .. 
P eroxido ofiron u ..... . ....... .. .. .... ........ . ...... . ..... 

1 

... ... ... . .. 
1 

0.66 ,........... . 22. 20 .. . ......... .. 

u,- ' -·-··· ··· ·· · ······ ···· ·· ·· ······· ····· · -· 

P eroxi<.loof mangane e.......... .... . ..... . .. 4.03 0.42 ..... . . .. .. . .. ... ........... . ........ .... ......... . 

~;k~;:-:: ::::::::: .::::::::::::::::: ·::: ::::: ~: F 1 .... .. _~:-~~- '1· ...... ~~:-~~-c . :::.::::1 ~- ~~ ·:: ::: :· :_::: :: 
ilica ........... . .. .. . ....... . ................. 22. 59 J6.aO 2.40 . .. .. ....... ! 50. o ......... . .. .. 

~;:,'~,: ;,;;~~;i; ~~~;~ -~ ·.: :: :: ::::::::::::::: :: :::_, ... .. .. ~--~~r .. - --~ ... ~ , ....... ~-- ~~- ]~:an ~ ..... ·;1.·~~- ::::::::: ::: :.· 
Totals . . .. .. .. . .. . .. .. . .. .. .. .. .... .. . .. --100.001 100. 00 --100.00 --l;:o.QOI 100. 00 I 100. 00 

a lt will be a umed that this peroxide of iron capes reduction. 
b Sulphur, arsenic, antimony, chlorine. pho pboric aciil , ·c., are neglected in subsequent oo.lculntione. 

Tbe compo ition of old lags iN not given here, it being unnece ary for tbi di . 
en ion. 

Of the above chemical constituents the followin g proportional qnautitie enter into 
the melt in g charge, calculated on the ba i of a\erages given in Section V of Tab I IV: 

From ore. II Froo:> h em - ~ Fron~ dolo- ~ F ·om f 1 From n•h 
altt . m•tc. 1 u · in fuel. 

----------------------------------1------, 
Con tituen ts of s.m lting cbarg s. 

Carbon .. .. . .... .. ... .. ...... . . .. ....... . .. . .... . ... ...... .. . 26. 533 
Gn sinfuel ....... ....... .......... .............. ....... . .. . . . ... ...... ............ .... ....... 0. 0 5 

Oxyj!en ... . .. .... .. .. . . . .. . . . .. ... . .... .. .. ... . . .. ... .. . .. . 95.· ~5- 38 ' · . . . ··1·.-· 6·7· · ..... . ... . . . ... ....... .. 
Carllonic a id .. .. . . .. . .. . .. . .. .. .. .. . . . . .. . .. . . . .. . . . .. . . . . 4. 986 . ..... . .... . 0. 12f> 
Moisture........... . ............... .. ....... . ... ..... . ..... 5.53 0. 159 O.Oll 1. 641 
Lad . .. ............... ........ .. .... .. ... .. ..... ....... ...... 2a. oo . ........... ... .......... . .. .. .. .. .. 
' ih· !' ......... .. .. ... .... .. .......... ............. . . ..... .. .. 0. 31 

M tallic iron ..... .. .. .......... .... .. ... .......... ....... .. 18.Hf 
a. 99 

4.357 .......... ........... ...... ..... .. .. 
Alu mina . .' . . .... ....... .. . ........................ .. ... .. .. .. 0. 041 .... ... ... .. .. ...... . .. . .. . ....... .. 
P eroxide of il'On ............. . .. . .. .. . ....... .... .. ...... ...... .... .... . ..... . ....... . 0. 072 . ...... .. 
P eroxide of mangane e .. . . .. . . .. . . .. .. .. .. . .. .. .. . .. .. .. .. .. 4. 03 o. 035 
J,i.m . .. .... ... . . .. .. ................ .... ........ .... .... . .. . 0. 031 s. 800 

Magnesia .. .................. ..... ............ ..... ... ...... . 
2. a6 

a. 04 
0. 08 

0. 052 2. 129 
.AJI;alies ...... ... ..... ... . .......... ................. .. . .. .. 

ili ca , ....... . .. .. ..... ..... ..... .. ........ ............ .. 22.59 

o. 793 

0.14J 
0. 0 !8 
0. 07 1 
2.0.:9 

. -. -.. ~-· ~~; ., .. ---. o: ;~~ 

-----------------------------------~------~ --------~·-------~-------
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The above figures may be conveniently comt>iuet1 a follows : 

Vola,tilo portio n. 

Carbon from fu el . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :.!6. 53:3 
Gas from fuel...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 9 -
Carhonio acid from ore, do lomite, and a h .. .... ... .. ... .. ......... 10. 691 
Oxygen from Fe00 3 in ore and bemati te, e capiug as CO, .. .. . . . . . . . 3. 20 
Oxygen from .Mn09 in ore and hematite, e ca,ping a CO, .... . . . . . . . 0. 747 
Oxygen from PbO escaping a CO, . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . 1. 640 
Moi tnre from w hole charge .. . . .. . . . . . . . . • . . . . . . . . . . . . . . . . . . . . .. 7. 341 

( Pb= L040 
Du t and fume carri tld away ..... ... . . .. .. . ........ { Ag=O. 011 

l Dust=O. '90 
I. 941 

Tota l . .... . ........ .... ...... . ................. .. .... ... .......... .. 53.086 

Slag. 

ili ca .. .... .... ........ .......... .. ...................... .. .... . . 26. 0:.! 
Alkali es .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. . .. .. .. .. .. . .. . .. .. .. .. . 1. 051 
Ma"ne ia .. .. .. .. .. .. . .. . .. .. .. .. .. .. .. .. .. .. . .. . .. . .. . .. .. .. .. .. 5. 239 
Lime ........ .... .......... ... .. . ........................ .. .... .. 5. 4 
Alumina .... .... .. ..... .. ... ...... ............................ .. 4 .03 1 
Protoxide of iron ..................................... .. . ........ . 2 . 3 
P c:,.oxid of iron .. ........ . ... .. . .. . ...... ..... ......... ...... ... . 0. 65 
Protoxid of mangane .. .. .. .. .. . .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. ::! . 31 
Protoxid of lead .. . .. . . .. . .. .. .. .. .. .. .. .. .. .. .. • .. . . .. . .. .. . .. . ~- ~60 

Old slag ............ ........ .. .. .. ................................ 17.441 

Total ............... . ........... .. .......... ....... .. ..... 94.774 
Le du t ...... .. .... .. ..... ... .. .. ... ..... ... .. .. ...... ... 0. '90 

Total lnrr produc d ......... ... ............... .. .... .......... ... . 93.884 

B1tllion . 

Lead ...... .... ...... .... .. ............ .... .... ........ ... ....... 20.240 
ilv r..... . . .. .•. . ..... . . .. . .. ...... ..... . .. .• .. .... . . •... . . .... . 0. 299 

Total ..•• .....•• ....... .... . ..... .. .......• _. _. . . . . . . . . . . . . . . . . . . . · 0. 539 

Total of Yolatile portion, slag, a,nd bullion ...... .... ................ 167. 509 

739 

Iu ti.J ·e calculation pei and matte· have been purpo~e ly neglected. Be. ide 
t b d cending barge of olid matter thrown in the furnace at the feed-hole, there i 
tbe a cending charg of bla t forced in at the tuyer s. The weight of the ga eou 
cl1arge wil1 be calculated after the weio·bt of charge filling the furnace have been 
d >termined. 

This discus ion is carri d ou for tl.le bla t furnace of smelter 0, which i hown 
in Fig. 2, Plate XXX I, divided into zone of cl.larges and temperature in accord­
anc witll tlJ workin g of this fnrua c>. Tbe e zones will be de ignated hereafter by 
their temp ratur s. The zone 9ooo of the crucible i charg cl witlJ 12 tons of bullion. 1 

It il'! a snmecl that the furnace i .. in fu ll bla t; that the weigh t of smelting charge , 
including fuel, i equal to 502.527 pountls, or three t,iro the weight of the charge cal-
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culated fo r 100 pound of ore. Thi fiO' ure i calcula ted from th capacity of t l.l e 
furuace, a nd repre euts Yery nearly a emi -cl.l a rg of melter C, bu t a:s a g reat ma ny 
furnaces run clt arges of thi weight it will be adopt d in t hi di cu ~ ion. Th fu r­
nace i ca1 able of melt ing thi l.larg in about sev u minute , g iving a cake of slag 
weighing 28l.G52 pound , antl i t i · a sum ed that a t th time of the experim nt t l.l 
furn ace i properly fi lled with ele>en imilar charge , each cl.l arg bein g diYided into 
two layer , a layer of fuel and old slag a nd a layer of fl.nx and ore all t!J ' ' uppo:i­
t ioo and all the fi gures adopte l bein g in perfect accord anc wi th tl.l e pra ·tica l work­
in g of the furnace. 

T l.l e composition in pounds of the charge in zone 1500, t he zone iu whicl.l it i 
th rown into the furnace, will be as follow : 

Carbon .. ... ... ... . ... . .. ....... .... ................ .. . .. .. .... .. ... . . 
Ga e from fuel .. . .... . .. ... .. .. .. .... ........ .. ... .... . .. ............ . 
Carbonic ac id (C:-: . 747) . ... ....... ....... .. .... ... .. . . .. .. .......... . . 
Oxyg n . .. ..... ... .. .. .. ....... . ........ .. . .. ......................... .. 
Moisture .... . .. ..... . ..... . . . .. · ..... . ... .. . .... ....... . ....... . . . . ... . 
Lead ( tota l CO~ combined with PIJO = l.J . 667; PbO=<k. 7i4 · 0=4. 934 ) .. 

il•er ...... ......... .... ..... .. .. .. . . .... .. . ... ............ ..... ..... .. 
Metallic iron (Fe30,·~ 9 .! . 036 ; Fe0=86. 620; Fe20 3 = 96. 244 ) . .... ........ . 
Oxid of lead in slag .. .......... .. .. .. .... . .... .. ............ .. ...... .. 
Alumina .................... .... .......... .. .. ........ ........ . ...... . . 
Peroxide of inm . ... . . ..... .. .... ..... . ...... . . .... . .... .... .......... . 
P eroxide of maugaue (i.\IuO ::.9. 9:i:2: 0 = :2. 24 J) . .... .. .. .. ......... .. .. . 

ilica .. .. .. .. .............. .. . ..... ...................... ..... ....... .. 

Lime .... ~ ( I CO . b " . 0 ) 5 l\Iague ia 5 tota , JU com IDauon= 1-. 4 6 ...... .... ... ... .. .. .... ~ 

Alkalies ... .. ... .. .... ........ .. .. .... ..... .. .............. .. ........ .. 
Old lag .. .. .............. .... ................ .. .. ..... . ...... .. ... .. .. 

79.5!19 
2. 955 

~:2.0i3 

:33.792 
2<!. (}2:3 
6::!. 0 

0.930 
67.371 

5. 
12. 09.l 
2.595 

1:2 . 19c 
7 . 606 
17. 2 
15. i17 
3.v·.:~ 

:>2.323 

Total ... .. . .... : . .... ... . ......... .. ....... .. .... .. .............. · 02. 527 

Weight of blast.-It will be een in the di ·cu ion of lo e in each zon of t u 
furnace tl.lat of the 79.599 pounds of carbou thrown in the furn ace wi th acb charge 
only 32.L5i pound reach the zone of combustion. I t i this quantity of carbon wh icl.l 
~-ill enable u to calculate the quantity of air nece sary to couvert it iuto car boni · 
acid iu e'' en minutes, an exce s of air bein g- inj uriou nod calcu lated to cool t be 
furnace. s 32.1257 pou nd · of carbon requi re 5.6G 5 pound of oxygen for their com­
b o tiou into carbouic acid, i t is deduced from t !J e compo itiou of air gi,' eu pre>iom;ly 
that th air blown in the furnace in e> n minute will be compo ed of-

Ox.vg n . . . . . ..... .... . .. . .. . ...... . .... . ...... ... . .. . ... . . ..... .... .. 5.6tid5 
Moi lure . . ..... .... . ..... .... ... .. ...... ... . .. .. .. . ...... . .... ... .. ... 4.2023 
Carbonic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 1600 
Ji trogcu ... . ... . .. . .... ..... .. . . . .. -- - ...... . .. . .. ... .. . ... . . . . ... .... 310. 10::!1 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400. 13::!9 

In ot!Jer word , t he weight of air ·t rictly neces ary to buru the carbon left in the 
·m l tin g charge a t the t Llyere i about four-fifth s of tl.l e weigu t of the cllarge thrown 

in at th e £ ed-bole. At sea-leYel the volume of air corresponding to til e weight of 
400.1339 would be 5,356 cubic feet (1 cubic foo t = 53 .569 grain ). Iu Lead ville, a t the 
uor mal pre ure of 21 inche of mercury, the volume of t he a rne weight of a ir i rep­
n:sentcd by 7,\l06.- cu l;>ic feet. 
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It ha b~en een tbnt the normal \Oiumc of bla , t d('lin' red by t!Jc blo"er con­
nected "itb thi furnace i,; 2,550 cubic feet per minute, or 17, 50 cuuic feet in ,·en 
minutes, at th e rate of 0 revolution per minnte; con equeutly, D 043. cnbi c ft ·et of 
bla t must be , but out durin g t!Je 'en mmnte . ·rhi i don , a before sho"n, by 
lea,iog open the damper placed at th extreme end of the ma io bla t-pipe. Hot~·ever, 

there i' hardly any doubt t!Jat in practice an exce, of air pa es through to the fur­
nace, a nd it i to a\oid thi that the adopt ion of a meter to be placed at the indu ct ion 
pipe ha been re ommen<l <.1. 

Loss of weight of charges.-Th e data are now prepared "hich are uece ary for the 
eli cu, ' ion of the lo. s of \Ycight of , m l ting char<>·es in \ ery zoo of th furnace in enn 
minute , and for giving an idea of tb chi f n~a~tiou that take plac in ach. A the 
element of time i all-important in the e di cu..,,· ion s, tbe reaction ha' be n le -
cribed in zone of temperature Ligher than tho e indicated by t!Jeory; but, if there 

are a f w error of jnclguwnt in the position a signed to them the final r nit remain 
unaltered. 

The weight of ga e 1 which pa s through tbe uppermost zone in e,·e11 minute is 
a - follo"s : 

Zone of ga es 150° C. 
Carbonic nci<l ......... . .................. . . ----- ....... ------.- ..... - ........... - .. .. --- ... 
Oxide of carbon .... .. . _ ... _ .. .. .. _ .. __ ... ........ ............ ... .... ...... ... ......... __ _ 
Vapor of wntH ... ... ........ .. . ........... --- - -- - - .. .... . - - --- ---- -- -- .. .... .. ......... . .. 
Nitrof!en ...... . ... . .. _ .. .. ... . .. . .. .. . ... . ....... . .. .. ..... . .................. . ...... _ ... . 
Gn8 s from fu 1 ... .. ............ . ................. . . --- - ------------ ....... .. -- .. ... .... .. 
Dust and I d furues . ... . ...... .... ... .............. ------ ...... -- ....... . ... ------ ... .. . .. 

27. 455 
1 . 771 
26.225 

310. 103 
~- 955 
5. 823 

Total. ... __ ... ___ ......... ...... ___ .. __ __ . _ ........ .. .. _ ....... ----- ..... -- - -.. ...... 56 1. 322 

Zouc of de iccation 1500 C. 
\\ei~<ht of harj(e ntering zone . ... _. --- ... --- ....... ... --- -- --- .. .. ----- - ------- -... . 502. ~270 

lt loses ouc- fonrtb of its moisture (chicH_\' from the ore), or ... -.- .- -- - - ... . -- 5. 505 
lt loses on -ele..-entb of totallo sin dust nnd fumes.. .... ..... ..... . ... ..... 0. 5~94 

6. 0352 

Zone of de iccation :lZ>5;, C. 
Weight of chnrgc ntcrinj( zone------· - -------------- ·---··----------- -- --------- ------- -- 496.4918 

It lo es oue-fonrtb of its moisture (c hiefly from the ore) .... -....... -...... .. 5. 5058 

Jtlose one-eleventh of totnllos;; in dustnnrl fume · --- ---··--- ----- -------- 0.5294 
6. 0352 

Zo11 c of desi ccatiou 360° C. 
W eight f charge entering zone ._ .. . __ .. _ .. . __ . _ .. . . _ .. -- - ... --- ------ - ...... --- -- - ... . .. 490.4 566 

It, lo cs ono-fonrtb of it moislure (from oro and fu 1) . . .. .. . . . . .. .. . . . . . .. .. 5. 50(;7 
Itlo sonc-ele..-entbof totnllossiutht taud fum es....... . .......... .... ... 0. 5294 

6. 03bl 

Zone of clesiccaliol! 465° C. 
Weight of charj(e entering zone . _ ............................. . ---- -- . .......... . --....... 484. 4215 

It loses the remaioiu~: ene-fourlb of its moistur (chi Hy from fuel) .. .. . .... 5. 5057 
It lo es 0 :1 -ele..-eutb of total los in dust nttd fumes .... -... ----............. 0. 5294 

6. 0351 

• .As no aualsses were ntade of the gasts pu · ·iu o- through the differeut zoo · of th furnaces at 
Leadvill<.', th fignr g iveu by Mr. Guyard in tho followio<r tables caunot l•e a s nmed to r pre eut 
their actual coro po iti on. Iu point. of fact , the ir eompo ition n.tust be v ry differ ent from tha as umed 
by him, owing to t.he x e s of bla t u ed. Hi idea i evid(·ntly to r epr e ut wbl1t th thcor• tioal 
condition · iu the fuma ce bould be wh u employing th lea t amouut of bla t for th giv n amount of 
fuel. ( . F. E.) 
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Zon e of decon~position 570° C. 

W eight of charge ent ring zone ... ...... .... .. .......... .. ............. . - . .. .. . .. .. ...... 47 3 64 

It loses: 
One-eleYenth of t~1 total loss in dust and fumes .............. ..... ....... .. 0. 5_94 
One-hnlf of the gases from fu el. ....... .. .. .. . ... .......................... .. I . 4775 
One-hal f of the CO. from PbO, CO.a .......... ........... .. ...... .. . .. ... .. 7. 3333 
C o•idize(\ b~' C0 2 formed in ZODO 7 00 C. (2.2614 pound C02) .. .... .. .. . .. 0. 6167 
C oxidized by! CO• formed in zon 8850 <..:. (5.4436 pounds C02) .... .. . .• .• .. . 1. 4 ~6 

c oxidized by * co. formed iu zone 9900 c. (3.52 pound• co.) . -...... -... -. 0. 9624 
c oxidized by t co. formed iu zone 1,0950 <..:. (0. 82~ pounds co.) -.- .. -- ... -. 0. 2406 
C oxidiz cl by n CQ., formed in zone 1,200° C. (10.70 G pounds CO•) .... .... .. 2. 9'l05 
C oxidized by! C02 xpelled from PbO, co, in zon e 6750 C. (2.4444 pounds 

co,> ...... .. .................. .. ...... ... ...... .. .... ..... .... ....... .... .. 0. 6667 
C oxidized by t C02 x;1elled from carbonates in zone 9900 C. (1.1604 pottnds 

COo) ...... ....... ............... ... ......... ........... ...... .. .. ........ .. 0.3164 
C oxidized by i co, expelled from carbonates in zone 1,0950 C. (0.9670 pounds 

CO.>) ... .. .. ........... .. .. ...... ............ .. . .. ... ...... . : .... . ....... . .. 0. 263i 
C oxidized by ; COo expelled f1·om carbonates in zone I , 2000 C. (0.8288 pounds 

co,> .. .-....... ........... ....... .............. .... ... ...... .. .. .. .. ... ... . 0. 2260 
17. 0378 

To~al C oxidized in zone 5700 C....... . ... ....... ....... . . . .. . 7. 6976 
Tota l CO formed in same zone . .. .. .. .. .. . .. . . .. . . .. .. .. .. .. 35. 9221 

Zone. of reaotion 6750 C. 

Weight of hnrge entering zone . .. . .. .. .. .. .. .. .. .. .. .. . .. . ... .. . .. .. . .. .. . .. . .. .. .. .. .. .. 461. 3486 
It lo es: 

One-cl venth of t-he total loss iu du t and fnmes ... ... ............ .. . ...... .. 
The remaining ! of gases from fu el .... .. .. .. .. .................... . .. . ..... . 
The r maining ~ of CO. from PbO, CO.b ........ ...... .... . .. ........... . .. .. 
C oxidized by t CO. formed in zone 7800 C. (2.2614 pounds COo) . . . . ..... . . .. . 
C oxidized by a CO. formed in zone 8850 C. (5.4436 pounds CO•> . ...... ..... . 
C oxidized by t COo formed in zone 990° C. (3.5288 pounds COo) .. ........... . 
C oxidized by i COo form ed in ?.ono 1,0950 C. (0.€822 pouncls CO,) ........... .. 
c oxidized by n co. formed in zone 1,2000 c. (10.7086 pound co.) .. .... .. --
c o:o.idized by t C0 2 flxpelle t! from carbonates in zon 9900 C. (1.1604 pounds 

CO.) ... --- ......................... -- -- - -- .. .. .. -- ----. -- -- ... -- -- .. -- ... --
C oxidized by II COz e xpell ed from carbonates in zone 1,0950 C. (0.9670 pounds 

COo) ... .. .. --· -- ... ... ---- ...... -- · ·-- ---- · · -- · · ·-- · .... -- · --· .... --
C oxidized by ; CO. expelled from carbonates in zone 1,200° C. (0.8288 pounds 

CO.> .. -- .. -- .. . ....... -- ... .... .. -- .. -- ...... .. - ---- -- . .. -- ........... - . . 

Total C oxidized in zone 6i50 C. .. . . . . . .. .. .. .. .. .. .. .. .. .. .. 7. 0311 
Total CO formed in sa me zone ...... . .. .. ...... ... ... .. .. .. .. 32. 11 

Zone of 1·eduction i 0° C. 

0. 529-1 
1. 4775 
7. 3334 
o. 6168 
1.4846 
0. 9624 
0. 2406 
2. 920.; 

0. 3165 

0. 2637 

0. 2260 
16. 3714 

W eight of charge entering zone . .. .. . . . .. .. .... .. . . .. .. . .. . .. . .. . . .. . . . .. .. .. . .. .. .. .. . . .. 444.9772 
It loses: 

Oue-ele\'enth of the total loss in dust an<1 f'uru es .. .... .. .... . .... . ..... .. . .. 
One-half of the oxygen from total PbO r educed (this forms with CO 6. 78425 

pounds COz, of "hich f i r educed in zones 5700 and615o, while i escapes) . . 
C oxid ized by 1 C02 formed in zone 885° C. (5.4437 pounds C02) ............ .. 
C oxidized by t CO. formed in zone 990° C. (3.5288 pounds COol . ... . ..... .. . . 
C oxidi~ed by II CO. formed iu zone 1,0950 C. !0.8822 pounds CO,) .......... .. 
C oxidized by n COo formed in zone 1,2000 C. (10. 7086 pounds CO.) . . ...... .. 
C oxidiz <l by t COo expelled from earboua tes io zone 9900 C. (1.1604 pounds 

CO.> .......... .............. .... .... -- .. .. .. .. .... --- . ...... ---- .... - ... -- . 

0. 5294 

2. 4670 
1.4 47 

0. 96~4 
0. 2406 
2. 920:; 

0. 3165 

a Tt will be assumed that, owing to the velocity of blast, the admixture of inert gases from zones 
below, noel the low temperatures of zones above, this CO• escapes reduction to CO. 

b 1t will be assumed, for the rca on s tatetl nod r zone 5700, that only ! of th C02 driven off here 
Is reduced to <..:0 in upper zon 57oO. 
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C oxidized by ~ co, expelled from carbonates in zone 1,095° C. (0.9670 pou nd 
CO.) . .... . ... . ... .. ........... .. .. .... . .. ..... .... .... .. . .. ............ .. .. 

C oxidized by t C02 expell d from cat'bonates in zone 1,2000 C. (0. 2 pounds 
co,J ............. .. .............. ... .......... . ........ .. ... .... . .. .. .... .. 

Total C oxidized in zone o80° C. . . . .. .. .. .. .. .. .. .. .. .. .. • .. 6. 4144 
Total CO formed in same zone...... .. .. .. . .. . .. .. . .. . .. .. .. . 29. 9339 

Of this latter there i used for reduction of ore... . ...... ....... ... 4. 3li2 

Leaving for escapin)! CO . .. ... . . . ........ .... ......... ... ... . 25. 6167 

Zon of reduction · 85° C. 

W eight of charge entering zone 
It los s: 

One-eleven th of the total loss in dust and fumes . .. ... .... ................. .. 
The remaining 6 <•fox;cgen from total PbO reduced .... .... ....... .... . .. .. .. 
Oxyg u from MnO, reduced to MnO ............ .. ................ ...... . . .. . 
Oxy~ten fro m Fe20a r duccd to Fe.o, ..... . .... .. ...................... .. .. .. 

(Total oxyg n 7.91 0. This forms 'vitb CO 21.7U5 pound CO,, of wbicb 1 
i reduced in upper zone , whilo i escapes.) 

C oxidized b.V i CO. formed in zoue9900C. (3 . 5~88 pounds C(H} ....... .. .... .. 
C ox itlized by A CO. fonnetl in zone 1,095o e. (0. 23 pounds CO•> ... . .. . .. . . . . 
C oxidized by -fr co, forme<l in zone 1,2000 C. (21.4171 pounds COt) . ..... ..... . 
C oxidized 1.>,,. i COt ex p lied from carl>onates in zou 9900 C. (1.1604 pounds 

0.) .................... .... .. ........ ...... ...................... .. . .. .. .. 
oxid.iz d by~ (;Q., cxpdl d from carbonate in zone 1,095° C. (0.9670 pound 
CO.) .................. .. ........... ........ .. .. ............. ............. . 
o:<idizedl>y + 0. spelled from carbonates in zone 1,2000 C. (0.8289 pounds 
COt) ........ ........ .......................... ...... .. .... ...... ... ....... . 

Total C oxidized iu .zonc so c.. ..... ..... .... . ........ .. .. 7. 503 
Total CO furmcd in arne zoue...... ...... .... . .. . .. .. . .. .. 36. 6347 

Of this lntter th er is userl fol' red uction of ore .. .. . .. .. .. . .. .. .. .. 13. 8565 

Leaving fore en ping CO.... .. .... .... .. .. ................ .. 22.7782 

Zon e of semi-agglom l'alion 990° C. 

0. 2637 

0. 2260 

0. 5293 
2. 4670 
2. U30 

a. 20 o 

0. 9624 
0. 2406 
5. 8410 

0. 3165 

0. 2637 

. 2261 

9. 41 

435, OGG-1 

16. 2976 

Weigbtof barge nteringzone ......... . ................ .. ........................... .. . . 419.20 
It loses: 

On -e1e,·entb oftotal 1o sin dust a nd fumes .......... .. ............. .. .. .. .. 
One-tbirtl of CO, from carbonates ...... ...... .............. .... ............ .. 

(Of this ! is reduced in upper· zo nes. while! oa p .) 
Oxygen from Fo,o, re<luce<l to F 0 .................................... .. .. .. 

(This forms \vith CO 17.6-1-10 pounds co,, of which tis reduc d in upper 
•.one~. whil t escapes.) 

c oxidiz d l>.r! co. formed in zone 1,035° c. (0. 823 pounds co,) .... . ...... .. 
() o. idiz d by ,o., co, formed in zone .1 .2000 C. (32.1256 pounds 0.) ........ . 
C oxl<liz~d by ~ co, expellecl from rnt bonat iu zouo 1,0950 C. (0.9670 pound 

CO,J .................... .. ..... .. .. . . .. ..... .. ... ...................... .. . 
C ox idized by + CO. e>rpelle<l from carbonat sin zoco l ,2000 C. (0.8289 pounds 

co,, ...... .... .. ........ . .............. ... .. ..................... ..... .... . 

Total C oxidized in zone 9000 C ....... .... : .. .. .. .. .. .. .. .. 9. 4921 
Total CO form ed in arne zone.. ...... .. .. . .. . .. .......... . 44. 2965 

Of t bis_ lntter theru is uded for red uction of or .... .. .. ...... ...... II. 22 0 

Lea.vlng fvr •oaping CO...... .. .. .. .. .. . .. .. . .. . .. .. .. .. . .. 33. 0 · 

0. 52PJ 
5. 020 

6. 4160 

0 2407 
. 7610 

0.26H 

o. 2261 
22. 239J 

743 
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Zone of arJglom l'l'alion 1,0950 

Weight of cha rge ent er ing zo n<>........ .. . ......... .... .... .. .. .. . .............. 397, 0~93 
It lo e : 

Onc-elcnnth of the total loss in <lust anti fumes.. . .. . ...... . .. .. .... .... .... o. 529~ 
Ooe- Utiru of th o co, from cn rbonntes.... ...... . .. . . . . . . . . . . . .. . . . . . . . . ... .. . 5. 020 

(Of this fi is reduced in upper zone , while It esca pes.) 
Oxygen from It, FeO r~uueed to F e .. . .. . . .. . .. .. . .. . .. .. .. .. .. .. .. .. . .. .. . .. 1. 9249 

(This forms with CO 5.2935 pounds(;(),, of which ! is reduceu above, while 
i escapes.) 

C ox idi zed uy t C02 ex pelled from carbonates in zone 1,200° C. (0.8"..89 pounds 
CO.) .... ... .... . ... ... ............ ...... .... ............... ............... 0.2261 

C oxidized by fr CO. fo rmed in zone 1 ,~00° C. (32. 1256 pounus COt).. . .. ... ... .7616 

Total C oxid ized in zone 1,0950C..... . ...... ... . . .... . ..... 8. 9 1i 
Total CO formed in sa me zone...... .. .... .. .. .. .. .. .. .. . .. 41. 9426 

Of th is latter thcro is used for reuaction of ore.... ...... ...... .. .. 3. 3686 

Lea..-ing for escaping CO . . . .. .. . . .. .. .. .. . .. .. .. . . .. . .. . .. . 38. 5740 

Zo11 e of combll slion and reaction by con tact of solicl11Wtter, 1,200° C. 

li. 2439 

W igbL of charge entering zone . .. .. .... . . .. . .. . . .. . .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 379. 7854 
It loses: 

Oae-ele..-entb oft bo tota l loss in dust aod fumes.... .. .. .. .. .. .. .. .. .. .. . .. .. 0. 5293 
One-thhd of the CO. from car l>oontcs.. . .. .. .. .. .. .. .. .. .. .. . . .. .. .... .. .. .. 5. 020 

(Of this~ is r clue d io upper zone , wbile t escapes.) 
C O'-id ized to CO, . .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. . .. .. .. .. .. 32. 12:.7 

38. 4' 0 

R emaining in fu rnace .. .. .. .. .. . . . . ................ .... .. .. .. ..................... . .... . 341. 3274a 
W eight of bullion reaching zone of crucible .. . .. . .. .... ..... .. . .. . .. .. .. .... .. . Gl. 6170 
W eightof lag pro<lcced .. ...... ... ........ .... ........ .. ................. .... 2 1.6520 

343. 2600 

Chemical reactions of the different zones.- Some important reactiou l.> gin to take 
place in zone 5700 0. and are contin ued iu zone G/50 C. Oxide of lead act on galena, 
ulpllide of sih ·cr, and PFite , and sum ulpl.lorou · aticl i evolved. :\1atte b0gio 

to form . Oxide of lead act on ili ca, and orne ilicate of lead i form ed. In pra tic 
':lolomite lo e l.l ere a portiou of their carbqnic acid, but the di en ion l1 a been carried 
on a if dolomite behaved lil'e carbonate of lime, in order to get at extreme result . 

In zouc 7 oo 0. 1 the important reaction of reduction of lead taking place, ·enra l 
mor rea tion are produced in con eqoence. l\letallic lead acts on ar eniate an d 
autimoniate of lead, forming ar. eniuret and antimoniuret of lE:ad , with regeneration 
of oxide of lead. Meta llic lead act al o on ulpb ate of lead, witlt regeneration of ox ide 
and evolution of snl pburou acitl; all t he reactiM s which Lave e caped compl tiou in 
the upper zones are completed here. Meta.ll ic lead acts ou galena, and ubsulphid es 
ar formed. Sulphide of lead act. on sulphate and oxide of lead, with evolutiou of 
snlpburou acid and reduction of lead. Sulphide of lead acts on ilicatc of lead and 
matte are produce<.!. i\ietallic lead acts on culoro- l.>romo-iodide of ih er and form . 

a The ui scr paucy bet"·een this nmul> r nod that n xt bolow, repre•enting the sum of l>ullio~ and slnf!, i~ m1inly du to 
tb fa t tb.at wh ile Mr. Guyard >.--pressly says (p . 739) he has neglected consideration of speiss and matte in this •liscussion . 
he nc,·erihcless allows fot· the redu ction of ..fo F cO in zone 1,0950 C. Calculations carried out with n ,-; w to correcting tho 
auo..-c discrepancy gh·e 32.7272 a the amount of ca rbon burnt in zone l ,2000. Such correct icn io..-ol..-es, naturull y, !ij!ht a lter­
ations in some of lhe fiJ,'11Ies , representing lo s in all except the four· highest of th e other zones, and also alt ers lbe <lat.a. 
rel nti ,· to tho umount of blast theoretically req uired . A second cause of difl'eronec between th above numbers is fou nd 
in th fact that tbo fi gures for com position of charge (p. 740) nre accurate in some cases only to the second decimal figure. 
'l'be s.light lnaecura ci s in tho Yalues of the !ph·<! decimal necessarily in.-oh' e errors in cairn! tiona carried to four deci mal 
place . ( . F. E .) 
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chloro-bromo-iodide of lead , which i volatili zed with the cbloropbosphate of lea d of 
the ore, and red uced ilver a lloy witll lead, forming bullion. ulpbide of ~ uver i 
partly ac tellupon by lead aLo, and ome galena is regenerated . hloro-bromo-ioclillC 
of lead act on galena a ud Yolati li ze a portion of th i sub tat1 ce. 

Zone 5° . i one of the mo t important with rega.rd to reactions. ilicat of 
lead act I a r tly on t ile magnetic oxide of iron formed , reoxidize it, an d ome peroxid 
of iron combin with ilica. <\ ll the con tituent of th charge are in a m·i-f.l uid 
cond ition, and all po sible compounds :u form d here, orne of whiclJ wi ll be d st royed 
by thorough fu 'iou in lower zone . nlplwte of lead is actl'd on enerrretically by 
ilica · all the r action of zone 7800 C. are produ eel here a lso with even mor uerg~· ­

ulphide of carbon i formed and produces s ulphid e of ilicium and magoes iu u1. 
ome \Olatilc culoride of non-volatile metals are a l o formed. All the reactio ns 

which generate matt s are to l> obs rved in th i · zone. In t bi zone al ' O the quautiti<',.; 
of carboui oxide and carbonic acid a re n early equa l. Hematite lo es completely t h 
caruonic a ·id of it carbonate of iron. Zinc reduced in zone. below act on ga lena , 
and ulphid e of zinc i formed . 

Zone !)90° C. i one of ' ery important reaction . Lim e a nd magn sia bring ,· e:: t 
free ~tet energetically on sulphide of I ad and pyr1te , forming the u lphid of ca l ium 
fon nll in the ' lag. iii ·a omuines with lime, ruagoe~ia, and protoxide of iron and 
Ia i ' formed . Oxid of Jcad i. exp !led from its ilicate. Pbo pllate of lead \Ybich 

base - a1 d •olatilizati n form· th pho pbate of lime :fouud in lag and accretion . 
In zon 1,0950 ' . iron r auc ar eniuret of lead , forming- pie s aud s ulpllide 

of I ad forming matt . It a ·t al o on oxide of lead expelled f rom ili cate, forming 
magn tic oxid of iron : wbi b nters the la o· a nd the ma tte. This zone i the zone of 
r fining f bullion . It i ' h r a! o that molybdic vxide i r duct>d anl tha iron a nd 
;·pei s combi11e with it. 

Tll preceding ch mical di cu ion wa narri don al:so with a ,-iew to a certain 
tu zone of ab orption aud of production of' beat in the furnace and it was the writer' 
int ntion to develop a complet t h rmic eli cus ion of tbe different zones; but neither 
tb tim nor th mean of determining with accuracy a D w important data peculia r 
to t be bla ·t-fumace in which lead i melted could be had, and a eli en ion based on 
hypotbe e would ha v lo tall cientific or practical va lue. 

CONOLU IONS. 

'Ill •hief couclu ion arrived at in the preceding pages a re: 
1. That s melting in Lead ville i a profitable operation, but that the aggregate 

melting capacity of the working s melters i abou t equal to the pre ent minin g produ t 
of t ll e camp. ' 

2. That lead smelting in Leadville ba , on the whole, been brought to a s tate of 
great p rf0ction with regard both to the plant adopted, which i con tructed on the 
roo t approved principle , and to the manner in which fuel, fluxes, and ore ar mixed 
for melting, giving slags which are rema.rkable for their fiuidit and not too IJi o·bl y 
charged with either sih•er or lead (e pecially when it i remarked that the bullion pro­
duced i very rich ), and from which by-product , uch a · .. pcis and matte, are ea ily 
detached . 

3. That tbe quantity of by- products, other tbau lead fume ; resul t ing from s melt­
ing in Leadville amount to but little. 



74() GEOLOGY AND l\1IKI -G I D STRY l.F LE DYILLE. 

4. That the camp is provided with the nece ary plant to ''ork profitably uch 
by-products a are generally rich in silver and either completely neo-lected or trent d 
imperfectly and with a con iderable loss of sih·er. 

5. That the mode adopted at a great many m Iter of mixing and re melting 
with caustic lime the chamber-dust, formed in con iderabl quantity, is the b t that 
could have been de•ised, and that it -would be ad•i able to nb titnte pure lim for 
the dolomitic lime u ed in Leadville for thi operation. 

6. That the nnmerou imp rfection noticeable at variou melter are mo tly 
intentional and ba ed on economical ground , and not on ignorance, for melting i 
conducted iu Lead\ille by very cle,er uperintendent and welter . 

7. That the smelting of lead ore in the pre ence of iron- tone ha here been 
brought to a state of great practical perfection, and i carried on mo t 
from one year's end to the other with the greate t regulari y at a dozen melter , aud 
that uperiutendents of smelter do not hesi tate to in trod nee in the charges om timE> 
very large quantitie of galena, which are reduced with the greate t facility. 

8. That, owing to the peculiar nature of the Leadville ore and to the great alti ­
tude at. which melting i perform d, which increa el' th volatility of lead compound , 
attempt ought to be made to ub, titute can tic lime fr e from magnesia for th raw 
dolomite used i 1 Lead\ille, in order to avoid a mnch a po ible the formation of 
volatile lead compound . 

9. That, cmteri paribu , dolomite form a good a flux a calcitic lime tone, o far 
a the actual working of tlie bla t-fnrnace i concerned, and that the fluidity of tiJe 
lag thu formed is not only irreproach~tble but quite r markable. 

10. That, beside the ub tances existing in large quantitie in the camp, Ruch 
a ilica, sulp'hur, carbonic acid, lime, magnesia, alumina, oxide of iron and man­
gane e, lead, ilYer, chlorine, and pho phoric acid, the following sub tances exi t in 
mall quantities: Sulplmric acid, titanic acid, bromin , iodine, zinc, baryta, gold , 

nickel, molybdenum, arsenic, antimony, and copper; and that trace of the follo,ving 
ubstanc may be detected: Tin, bi mnth, cobalt, indium, selenium, tellurium, cad ­

mium, and a new metal, which has been imperfectly tudi d a yet, and whiciJ appea rs 
to be intermediate between the m tals of the iron group and those of the lead group. 

11. That the ore of Lead•ille are either rich in lead and poor in ilver, riciJ in 
ih-er and poor in lead, or equally rich in both ilver and lead, and very variable in 

compo ition; but that, by judicious admixtures of various ores, ore-beds of sen ibly 
the arne compo ition are made at the smelter , which are needed to insure regularity 
in the smelting operations. 

12. That the quantity of leacl completely lo tin the atmo ·phere is sensibly twice 
a larg a the quantity of lead caught in the dust-chambers generally n eel. 

13. That the crude bullion extracted in the bla t-furnaces of Leadville by the 
proce referred to in section 7 i of very fair quality, and that a little of it silver aucl 
orne of its lead exist there in tiJe tate of sulphides. 

14. That matte (both iron and lead mattes), which hacl hitherto been con ·idered 
a entirely formed of ulphide , are crystallographic compounds of sulpbide of u·on 
ancllead and crystallized magnetic oxide of iron. (This la t ob ervation , however, in­
terfere in no way with the fact that in various smelting operations matte. · entirely 
formed of , ulphides are produced.) 
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15. That lag cannot >ery well be compared with minerals from which they dif­
fer e entially; that tlJey contain minute quantities of carbonate which 1J ::1xe e caped 
destruction, and small quantities of carbon or carburet , two products which hitherto 
had not been generally known to exist. Tha,t lag· are formed of cry tallogTlphic 
compound, of silicate of iron, mangane e, zinc, lead, lime, and magne ia on the one 
band, and on the other of a peculiar matte which i de ignated by the nam of calcium 
matte, and which, liire it congener , is form ed of a ulphide (sulphid of calcium) 
and of magnetic oxide of iron, which can be i olated in tb e pur crystalline state. 

16. Tha.t at least three dis inct metallurgical kind of peiss, containing t''o di -
tinct chemi6al ar enio-sulphuret of iron, are formed in lead melting; and tua they 
alway contain small quantitie of nickel and molybdenum entirely concentrated in 
them, lJowing that the metallurgy of molybden um could be conducted jointly with 
that of lead with ore containing only h·aces of molybdenum. 

17. That a v ry cm·iou and a hitherto un u pect d reaction takes place in the 
bla t-furnace of Lead>ill e by mean of which cobalt i · completely eparated from 
nickel (nickel being concentrated in pei and cobalt in the skimming of tlle lea d­
pots of blast furnace ) and showing that the metallurgy of both metal and tb ir· ep­
aration could be effected in lead furnaces by operating under condition imilar to 
tho e ob tJrv d in Lead vill . 

1 . That iron ow are a variety of pei and 1 re ent a great analogy with tlJe 
latter product . 

19. TlJat l ad fume are very complicat d product characterized in Leach-il!e by 
tb pre n of no incon iderabl amount of chloro,bromo-iouidP. of lead and pho -
phate of lead, and that they cont.ain contrary to th opinion formed in Leadville, but. 
mall qnantitie of ar enic a lld antimony. 

_o. That the practice of roa tino· the du t in order to free it from arsenic and 
antimon~ a adopte l at one melter, i an le and co tly one which ought not to 
b g neralized in Leadville. 

21. That a cr tion are produ t of ublimation, and that the e prod net , whicu 
Hue tbe baft of the furnace and interfer eriously with a regular run, might be to 
some xtent avoided or made le trouble orne by a light modification of tlJ manner 
of cltar<Ying th furna e and by the adoption of cau ·tic lime in teacl of n1 w limestone 
in meltin o·. 

22. That ome ac r tion are cbaracterizecl by tile concentration, ometime in 
larg quantities, of m tal uch a tiu, arseni antimony, and zinc, which exi t but ill 
. rrall quautitie ill tlJe ore . 

23. 'l'hat tlJe charcoal u eel in melting i of v r~- good and the coke of l.Jad qual­
ity · but tbat the fuel obtained by mixing tllem contain 10 p r cent. of a h, aurl that 
it require a, maximum amount of 32 to 33 part of thi fuel for 100 part of ore, aud 
.... -1 part for 100 part of clJarges, to effect melting; but that at everal melters the · 
percentag ar cou iderably lower d. 

24. That for ever;r 100 part of carbon thro'.'l"n in the furuace with the ·melting 
cbar,;es, only 40.36 1 part reach tho zone of com bu tion at the tuyere , the balance 
being- oxidized in tlJ ur 1 er zone to carbonic oxid , chiefly by th carbonic acid formed 
in tlte zoue of combu tiou, iuvolvino·, a is well known, an absorption of heat. 

1 Thl figure dift' r from that gh7 en in tile ab tract of tbis report. publi hed in tile econd Annual 
rt!p rt of tho Dir ctor of tlte nited tates Geologio<tl mTey (1 "0- 1), s vera! cl ri cnl rrors in Mr. 
Gnyarcl'R alcnlation having been discover d sine that appeared. ( . F . E.) 
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A, cruci blo. 
A', interior of crnciblo. 
.4", dam of crucible. 
a, sheathing of crucible. 
n', sheathing of lead-pot. 
B, water-jacket . 
B', slag-pot. 
b, fir -bri ·k above water-jacket. 

, ron ·onry of shaft of furnace. 
', wall of haft of furnac 

D , chimu y. 
D' , du ' t-cbamber. 
d beathin "' on top of crucible. 
E, tack. 
F, tack to du t-chamb r . 
E', flu to uo ·t-chnmber. 
G (G'), daiUp r. 
H , ~· d -hole . 
I, iurlnction ula t-pip 
J, bran h bla t-pip from I . 
J ', iron ja ket to furnace. 
Ii wind-bag . 
L lead-pot. 
L' iphon . 
l, sliding valve of t uyere. 
M, cold-water conduits. 
M', bot-water outlet. 

i\, ttl~ ere. 
n, t uyere-boles . 
0, cast-iron bed- I Jato. 
0', vertical flange of b d-plat . 
0" , proj ecting horizon tal flange on 0 (in 

circular furna ce!!). 
P, ca t iron pillars. 
P', ~ edina-floor. 
Q, braces on C. 
q, water -j:~ck t clamp 
R, water-jacket feeder. 
R', main ula L-]1ipl", feed ofT. 
,., brack ts on 0' . 

' ( ") liding·doors of ftlecl-openiu ,., 
s, ontlet-pipes of R. 
T, water-gntter. 
T, bla t-pipe fe d of I. 
t, brack et of pillars . 
U, la"·g n tter. 
IT, lag-outlet in "·n.t r-jacl;et. 
IV, hood , 
W', chinmey of hood. 
X, fore- hearth. 
X', hearth. 
Y, cold-water faucets. 
Z, tap-hole i o IT. 
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__.....Bross..... .. .. ..................... .. ....... .... 115 
/' Buckeye 'peak) .. ................... ... ......... 19~ 

nuckskin . ...... .. ............................. 124,125 ' 
Buffalo (peaks) . ................ .. ............ 28,175, 302 

/"~~2E::~ : ::::::.::::::::::::::: :_:: :_ :_::: ::::::::: 194. m . 
D ye•·· ............... .. ... . ... . .. .. .. ...... ...... 150,212 
En tBall. . ... .. .. .. .......... ..... .. ...... .. .. . 215 
1£ \'0 D ...... .... .. . .. ............... .. ........ .. 139, 2H 
Getoi ni (peak ) .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . 149 
Gre<n .......... .... .................... .. .. .... 222,507 
Laml.> . ........ . . .... .. ...... ................. ... !63 

/i::~~~ol;~~;j~~~: :::::::::: ::: :: :: : : :·. :·:: :: : :::: :: 107, ;~~ 
Little Zion .. ........................ .. ........ .. 
Mo quito (peak) . . .......... ...... .... ....... . . . 
Korth (peak) .. . ..... .. ........... ........... .. 
l'eerle s .. .. ... . .... ............ ........ .. .. .. .. 
Prospect ...... . ........... ................... .. 
Ptarmigan (peak) ............ .. ............ .. .. 
Quandary ............................... .... .. 

beep....... .. ............................. .... JM 
Sb ritlan.. .. .. .. .. .. . .. .. .. . .. .. . .. .. .. .. . .. .. .. 182 

b en.oan ....... . .......... . ............ .... : .. .. 159,210 
' ih·erbeels .. . .. . ... .. . ...... . .. . .... .. ...... . ... 105 
outb (peak )....... . . . ........ .. ............ .. .. 174 

:Spani It (peaks)....... .... .. . .. .. ........ .. .. .. . 306 
W st.Dy r ... .. .... .. .... .. .......... .. .. ...... 214 

'h ridnn .. . .. . .. .. .. .. . .. .. .. .. .. .. .. .. . 212 
Weston'ij (peak).. ....... ..... ..... .... ... .... .. 1T2 
Ziou .. .... .. . .. ... ...... ....... ..... .. ... .... 186 

i\JO U~<T ZIO:'( POI:PflYRY .. ....... ..... .. ... .. 76, 185, 323, 326 
-ana lysis of ......... . ..... 326, 358,589 

Monroe Mountains, Ireland, grrmite in . . . . . . . . . . . . . 309 
M UFFLE , us din a sayi.ng .... ..... .... ...... .. .... . 633 
Murray, John, cit.ed .. . . .. . .. . . .. .. . .. .. .. .. .. .... .. 54 
i\J n co,•ite, alteration product of bioti te .. .. ..... 324, 325,357 

feldspar it1 sa nd-
atones ....... ·... G8 

N . 
Page. 

NKVADITE .... . ... .. ...... .. .. 87, 105,201, 205, 300,803, 3~ 5, 5 9 
analysis of . ..................... ...... 849, 358, 5 0 
definition of........ .... ................ .. 345 
fi gu red . .............. .. .......... .... .... 8 
metallic rontenta of ........ .... .......... 581 
snnidine from, figure<l . .. .. .. .... .. .. . .. . 348 
topaz in.... ...... ...... .... ........ .. .... 87,347 

~ewb~rry, Prof. J . ., ited .... .. ..... ... ........ 54, 372,508 
NRW DISCO~"RR\' Mll'E .. .. .. .. .. .. .. .... .. .. .. .. .. .. 462 
New metal .. . .. .. .. .. . . .. .. . .. . .. .. .. .. .. .. .. .. .. .. 714 
Nickel in L ead,·ille ores .. . .. .......... .... .... .. 547, 720,724 

separation from col.>alt ...... ........ ........ 721 , 723 
' igrine in nmpbilloli te . .. .. .. . ... . . .... .. .. ..... ... 50 

NILES-AUGUSTA liTh'E . . . .. • • .. . . .. • .. • • • • . • .. .... .. 443 
NO:S·ABSORI'Tlv:S OF SBDllfE:STARY ROCKS DY I!RUP· 

TIVR l.lASSr:S .. .. .. .. .. .. .. .. .. .. . .. . .. .. .. .. 30 
No Name gulch ........... .......... ...... ...... .... 1F9 
Non-con formity l.>y erosion in P aleozoic .... :.... .... 61 , 188 
NOilTH Ino~ HILl . ............ .. .. .. .......... . ..... 24 , 401 

M o QUITO AlrPmTHEATER .. . .. . .. .. .. • .. .. . 125 
ECTIOX . . ............. ...... .... 131 

P eak ridge .. ....... .... .. ........ ........ .. 98 
NOTES UPOX I F.TilOD OF A'<\t.Y F ............... 59 

TilE HE:SI!Y MOl':sTAr.-1 HOCKS.... . .... 350 

0 . 

Ohio ami Missouri melter ..... 625, 026, 693, 694, 695, 69 , 70 , 
711 , 712 

OLDER Ell PTI\'ES............. .. ........ .. ...... .... 323 
OnE usns . ...... ...... .................. .. .. . ....... G4 

nunso ...... ................ .. ........... ..... on 
current!", dire tion of ....... . .. .. . .. . .. . . ... . _. 5il , 573 
DeposiJioo, pr ,-ions to foulti ng......... .... .. 399 

on Iron fau lt, sceoodary.. .. . . . . . . 400 
DF.POSITS . ................. ...... .. .. .. ..... . .. 

GE:'(E IS OF LEADVILLE .... .. ...... .. 
manner of occn1Tence of ... ........ .. 
mode of formation of .... .......... .. 
on Carbonate Rill . . . ............ .. .. . 

Fryei'H.ill. .............. .. .. .. .. 
~orth Irou Hill ......... . ...... .. 

a67 
539 
540 
565 
411 

451, 490 
404 

repine mont, of limestone ............ 406, 407 
scientifi c study of....... .... ......... 368 

PROSPECTS L'! Ul'F.Xl' LORED ARCA .. .. ....... .. 
ORES A.~D VEL'< l!ATERIALS, composition of .. .. , .. .. 

annual consumption of, by smelters ..... .... .. 
deposited as su lphides ........... .. .... . .. .. . 
of ~-b ief mines descrilled ...... .. ............ .. 

51 
543, 599 

637 
502 
616 

OniGJ:-; OF l1ETAI.S in Lead,·!Ue deposits ... . ..... . . . 370, 509 
S&LIPE:'(TINE .. . .. .. . .. . .. . . .. . . .. .. . .. • .. 2 l 

st l'ucturo in ernplh·o rocks.............. 320 
Ortboclnso io porphyrite .. .. .. .... ... ....... .. .. .... 336,339 
Orthoolnstic aud plag iocla tic rocks .. .. .. .. .. .. .. .. 304 
OTUER GllOUI'S OF MI,';RS . .. .. .. .. .. .. . . .. .. .. .. .. .. 493 
Outcrop deposits richer than those in depth . . . . . . . . 55t 
Output of Lcmhille mines, tabula ted . ... . .... .. . .. . 615 

P. 

PALEOZOIC FOIDIATIO:SS. .... .. .... .. .. .... .. ..... . .. 53,277 
Ol'e in... .... ...... ..... ..... 541 
sections of .. ...... 57, 133, 166, 213, S I 

P ark city . .. . .. . .. .. .. . . .. .. .. .. .. .. .. . .. .. . .. .... .. 131 
)'rovi nce .. .. .. .. . .. . .. .. .. • . .. .... .. .. .. .. .. .. 29 1 
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Park Range, propriety of name . . . •. ......•. •.....•.. 
PARKS of Colorado. geological structure of .......••. 
PAI!TL~O QUARTZITE . . . ...... . ..... .. . ··· · ·· ..... .. . 
Paten t t uyerea at smelter F .. . ......... . ...... . .. .. . 
P eale, Dr. A . C. , cited ..•. .. .. .. .. . .... .•.. ... . .. .. . 
PECULIAR ACCI!ETIOXS . . . . . . .. .. . .. .. . ... .••. .•...... 

analyses of . .. ..... . .. . .••.•• . 
P eerless Mountain . .. ....• .•... . . . . . . ... . • . • ........ 
Pegmat ite, age of . ..... ..... .. .. . . . . . . ... . ... . . .... . 

defi ned ... . . . ..... . .. . .. .. ....• .. ........ 

P age. 

23 
22 

61 , 453 
082 

aoo, 342 
730 

730,731 
159, 182 

52 
43 

PEXUEllY FAULT ........ ... .... ... . . . ....... . .. . .. .. . -Il l , 42 
PE~"1' YLVAI<1A RILL ..... . .........•... . . ... 135, 137,13 , 144 
Percy, Dr. John, cited ... ... • .. .. . ... . . . •. ... 550,551 ,732-737 
P e1 mo-Carboniferous . . . . . . . . .. •. . . . . . .• . . . . . . . . . . . . 69, 71 
PETROGRAPHY, by Whitman Cro s.. ... . .. . . . . • . . . . . 319 
Phillip , J. rthur, cited. ....... ......... .. .. .. . . . . 372 
Phyllite in Archea n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
Pi"tail j::u lch . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . • 234 
Pike' Peak excitembnt . .. . . . ..... .... .... ..... . . . . . 
Pilot faul t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 227 
Piney Creek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . 1 9 

River . . .... . ... . . ..... ... .. .. . . .... . . .... .•... 
PLACER DEPOSITS.......... ........ .. . .... . .. . . . .. . . . 515 
PLAXT ND lll! l.TIXO OPERATIONS in general . • . . . . . 659 

ofindivi<lualemelt.-
rs.. . . . .... . . ... 669 

OF )JEJ.TER , tahulatetl . . . • . . . • . . . . . . . . . . . . • . 639 
COST 0 ~- . . • . . . . . . . . . . . . . . . . . . . . . , 626 

Plat au r gion . . . . . . . . . . . . . . . . . . . . . . • .. . . . . . . • . . . • . . 289 
P LATTE AM~IIITUEATER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 

glacier . ... . . . .... . ..... .. .. . . . . .. ... .. . . . . . . 106 
Pla tes, where <1 cr ibe<l or ro~ rred to: 

I (fronti Jli~ce).. . . .. .. ...... . .... . .... 210 
II . ........... .. ... .... . ..... ... .. ... .. 5, 6, 140 

III... . ... . . . .... .. .......... . .. . . .. . . . . 28, 149 
IV .... . . . .. .. .... . . . .. ...... . . .. . . . 52, 9-i, 124,200 

V . .......... .. ........... . .. • .... . 60, 70, 134, 177 
VI. . . .. . .. . .. ... .... . . ................ 64,2 0, 3 4 

VIL ... . .. . . .............. .. 84-86, 134, ~00. 338, 339 
vru ...................... .............. 87, a t o 

l X ... . . ... . . .. .. . .. ... .. . .. .... 91, 94, 95, 107, 117 
X.. .. .......................... . .. . .. . . 9 , 99 

:S:L ............... .. ...... . . .... . .. . . ... 111 , 112 
XII. ... . .... . . .. ... . .... .. .. . ....... . .. .. 113, 114 

X11L .... . ..... .. ... . ..... .. . .......... 12 ,527,528 
XIV ...... .. . .......... . .. .. ........ .. . .. . 131, 132 
xv ..... .... .... .......... ........ . 37,147,14 , 152 

XVI. .. ......... .... ... .. .............. . 37,153, 154 
xvn . ... ... ... ........ ... .......... .... 153, 15 ,16o 

xvru .. ...... .............. .. .. ..... .. ... 37, 164,165 
XIX . ... ... ...... . . .. . . ..... ... . .. .. .. .. . 195, 196 
XX .. .... . . ...... . ....................... 336-339 

XXI . . .... .. . . . ... .... .. . . ............ .... 330,35<1 
XXII .... . ............ ... .. .. .. .420, 42 , 435, 441 , 560 

XXIn . . .... .. .. ... ...... . .. . ............... 666, 670 
XXIV.. . .. . .... .. . ........ . . .. ....... .. . . .. 671 
XX \7 ... . . . . . . • . • • • • • • • • • • • • • • .. • .. • • • .. • • . 609-0il 

XXVI.. . . .... . ... . ............. . ..... . . ... . 659 
XXVII . . . ... . ..... ... ...... .... . ..... . .. .... 661 

xxvm .. . . .. . ... .... .... .. .. . . . . ............ 642,673 
XXIX .. ....... ..... . . . .. .. . . .. ........ ..... 664, 676 
XXX............. . .. . . .. . . ... . ... ...... .. . 678 

XXXI . .. . . ... . .. . . . ..... . .. .. . . . 627, 651, 664, 671,677 
xx::ar .. .. .. .... .... ... .. .... ... .... .. .. .. .. 676, o8o 
xxxm... ... ... ......... ... . ...... .. ..... .. . 082 

Pnge. 

P lates, where described or refenetl to-Con tinued . 
XXXIV... . .. ... ... . ..... . ..... . ... .. .. ...... 682 
XXXV ...... . . .... . ....... . . . ............ . .. t>84 

XXXVI. . . . . . . . . . .. . . . . . .. . . .. . . .. . . .. . . .. . .. 685, 739 
XXXVII .... . . .............. .... . .. ... .. . . 666, 687,688 

xxxvm ....... .... .. ... ..... .. .. ..... ..... .. 635, 6 
XXXIX.. ..... .. ... . .. . .. ............. . .... .. 632 

XL...... ... . .. .. . . .... . .. . .... . .. . .. .... 089 
XLI.... .. .............................. . . 630 

XLII .. .. . ....... . ........ .... ... . ... . .. 636, 662, 063 
::s:LID... . .. .. . . .. . . . . .. . . .. . . .. . .. . . . . . . .. . 632-63;; 
XLIV ...... . .. .. ...... . ... .. 657, 608, 667, 677, 685, 6 6 
XLV .. .................. ... . .. . 632, 678, 085, 086, 002 

Pogonip limestone, fauna of. . . ... ... .. .......... .. .. 62 
P OilP HYR!TE. . ..... .. . . .. .. . . . . .. . .. . . . .• . . . ... . . .. .. ·, 33! 

nnaly es of ................ .. ... ..... 340, 35 , 589 
<lefiue l .... ... . ........ .. ............ . .. 75,3 19 
dikes ...... ..... . . ... . ... 124-126,134,160, 200,201 
figured...... ..... ........ . ..... . .. .... S4 
lend in ... .. .. .. . . .. ... ..... .. . . ... ..... 57 , 591 
sih ·er in.- . . ..... . . . . .. . ....... . ........ 579, [!94 
tronlium in .. ... . ... . . .... . ... . .. .. . . .. 5;7 

P orphyry bodies causing swelling ont of trata . .. . . 104, 156 
form of, indeterminable . ...... . .... 584 
po"5iblc contents of. .. ..... .. .. ... 5 2 

Po" pn$', F ., cit <l .... .. .............. . ........ . .... 3il, 37i 
P o T-GLACt.AL FOimATIOx .. . . . .. . . .. .. . . .. .. . . .. . . . n 
Pre-exi ling ca .-iti · , orcs deposit ed in 1 .. .. 37t, 373, 374,378, 

394, 467, 563, 567 
PRELIMISA RY COX!)[ rtOl<S OF S)lELTlXO . . . . . . . . . . . . . . 614 

Prime, Fred. , jr.... .. .... .. ...... .......... . .. .. . ... 371 
PRIXTER BOY RILL..... . ........................... 231, "10 

porphyry ........... . .... .. 234, 31!2, 513,514,51 6 
'PROCES E.S OF ALTE!tATIOX ofLead.-illo ores.... . .. . . 550 

mel t ing, conclusions in r gnr<l to . . . 745 
Pro<l uctiou , tables of, of meta ls.... ... .. .. .. . . .. .. . 16, 18 
PltODt;CTS OF Mt;LTIXO ... . •. .. . . .. .. . .. .. . . . .. .. .. .. 692 
Profit-s of sm :ting (J>ot· 24 hours) . . . . . . . . . . . . . . . . . . . 669 
PROPI!l!TIF. OF LAGS .. . . .. .. . . .. . . .. . . . . •. . . .. .. .. . 702 
PROSPECT MO .XTA IX ........................... .. .. 184,257 

Ridge . ........................ 215 
Ps lHlomorph of cerussite after galena.. . .. .. . . .. .. 452 
Ptarmigan Peak. n;nin crest north of ... . . .... .. .. .. 182 
PULI'EltiZATION of ores for assaying.......... .. .. . .. 632 
Pumpelly, R. , -ci te<L .. . .. . . . . . . . . . .............. . .. 372-375 
P yrite, annlysi of . . . . . . . . . .. .. . . . . . . . .. . . . . .. .. . .. . 5."6 

iu W hite Porphyt'y ... ...... . . . . ... ......... 495, 490 
orij::inA<l in P yritiferous Porphyry... . . . . . . .. 2, 327 
repln ing fos ils..... . ... ..... . . . . .. ... .... .. 177 

PY!UTJFEROU POlll'O\' HY . ... . .. . ....... . . 82, 222, 233, 235, 326 
area of.. .. .. .. . . . ......... 52 
barium in .. . ...... . . . ..... 577, 50! 
<l i tri\m t ion of, in Leadville 

r «ion.... . ......... . .... 20 
'Old in .. ........ ... . . ... . . 579, 504 

lend in . • . . . . . . .. . . --- .... 57 , 591 
metallic content of.. . . 580, 5 2, 583 
s il.-er in .. ... ... .. .. . . . .... 579,594 

PYROXI!SE·DEAR!XG IIOR~HLEXDE·ANDF.SITE. . .. . . .. .. 353 

Q. 
QUru'<DARY PEAK . .. . ..... ..... .. .... ... ...... .. . ... . ~8 

QUA I!TZJFEUOUS TRACHYTE . • . . . . .. .. .. . . . .. .. . . .. . .. 352 
QUAUTZ-~llCA DIORITE .. . . • . .. .. .. . . . . . . .. .. . .. .. .. .. 84, 333 

PIJRPHYRY....... ... .. . ...... . . . . • . . .. . .. . . . 823 
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Quartzvillo, town of ... .. .. .. . ....... .. ...... ...... . 122, 521 
QUATElll'(AliY C. .... . . .... . .. . .. ...... .. .... ......... . 71 

R. 
Raimondi, cited.... .. ...... ... ......... ....... ... .. . 554 
R nmmelsbm:g, cited.. . ... . .. ... .... . . .. . .. . . . . . .. .. . 50 
Rates )lAid for oro at L eadville. ... . .. .......... .. . .. 628 
Rnt.h, G . ..-om, cited.. .. .. . ..... . ... . .......... ...... 321 
RAw liATERL\I.S ent er!ng into smelting charges . ... . 738 
Raymond, R. W. , cited .. .............. ..... .... .... . 3i2 
Rns!llond, Sherman & McKay's smelter .... . 625, 626,603, 70 
REACTION IN THE BLAST-FURNACES ... .... .. ......... 731 

of iron compounds . ... .. ...... .. ........ . 
lend compounds . ..... . .. .... .... .. .. .. 
silver compounds., .......... . .. .... .. 

READY CAs n MJNE ..... . .. .... ...... .. ............. .. 
RECENT FORMATIONS .. .. ............... ... ......... . 
RED AMJ' lliTilEA'!ER .... ...... ... ... . ........... ... . . 

732 
735 
508 
72 

119 
Red-cast beds .. .. .. .. .. . .. .. . .. .. .. . . .. .. . . .. .. . . .. . 134, 169 

specimen from, figured . ..•... ........ 60 
RELATION OF FORM TO COMPOSITION, intrnSi'<'o bodies. 297 
RELATIVE AGE of Archean rock s . ............... . .. . 51 

ernpti..-c rocks .. .. . .. .. .. . . .. . .. . 310 
RICll ~"E OF GALENA A.''W CI!RUS !TE... .. . (153 

R eplacement, endence of. . . 394, 407,414, 419,420,424, 4J5, 446, 
4 0, 54 ' 566, 56 

Rhodocrosite........ ... .. . .. .. . .... ........ .. .. ..... 527 · 
RIIYOLJTE . ........ . ...... ............. ... ......... 87, 181,345 

cobalt in........................... . .. . .. . 591 
from Black HHI . . ... .... .... ... . ...... liO, 171,349 

Chalk Mountain .. . .. .. .... .... .. .. . 345 
Empir gulch .. .. . .. • .. .. .. .. .. .... . 351 . 
McNulty gulch . ......... . .... .. .. .. 350 

sih·er in ....... .................. .. . ...... 579, 594 
zinc in............ . ..... .. . . .............. 591 

Rhyolitic breccia from Eureka shaft ...... .. . .. .. ... 236, 352 
tnfa from outh P ark .. ..... ..... ......... 170,352 

Richtbofen , W. B.' .. . .. .. .. .. . . . .. .. .. .. .. .. .. . .. . x 
Ricketts, L . D., cited ........ .436, 437, 438, 443, 549,553,604,605 
ROASTF.D OH.AMBER DUST .. .. .. . .... . . .. .. . .. .. .... .. 71 5 
ROASTING FURNACE, at melter A ........ . ..... .... .. 671 
R OBERT E . LE& MI"F. .. .. .. .. .. .. . .. .. . .. .. .. . . .. . . .. 483 
:Robinson , Geo. H.......... .. .. ............... .. .... x 

L imestone .............. . ...... 6~, 19 , 2i9, 59 , 646 
Ro k consti tu uta of eruptive rock s .. .. .. . ... . .. .. . 356 

:FORMATIOXS ... . . .. ... ...... .. .............•... 

on Carbonate Rill ..... ........ . .. 
Frser Hill. . .. ..... .. .... .... .. 
Iron Hill .. . ...... .. .. .. ...... . 
North Iron Hill . . .. . . .. . . . .. . 

45 
409 
447 
381 
402 

liP.<& .... .. . . ....... .... .. .. .... .. .. ..... ...... 389 
llOOKY MOUNTAINS IX COLOR ADO.. .. .... .. ..... . . ... 19 

uplift, shore-line . .... .. .... .. .... 211 
Rodwell , cited....... . . .. .. . ........ . ............... . 734 
R OOT'S PO ITIVE-nLA T BLOWER 663 
Rosenbusclt, II.,quoted . ..... .. ::: :::: .".":: : ::: : :: : :: 46 3?0 
Rnib , J., cited ........... . . ... ......... ..... .. 283, 551 563, 5G4 
Rough-and-Tumbling Creek ....... ... ..... . ........ ' ' 175 
R unclllill....... .... . .. .. . .. . .. .... .. ..... .... . . .. . 169 
R UX:S IXG WITil DARK-TOP. . ...................... .... 666 
R 8 lA MITE...... ... . .. ........ ...... .. .. ....... .. .. 52 1 
Rutile . . . . ... ......... .49, 50,324,325, 327,328, 330, 332,342, 357 

s. 
ACilA)IESTO AMI'lUTUEATI;;R . ......... ...... . ... .... 140 

.1.\.ttCR . .. .... . .. ..... .......... . . . ..... 147 

SACRAllEN'IO ~liS E ....... . ........ . . . ...... ....... .. 
PORPU YR!TE .. .. .... ..... ........... . .. 
PORPIH'llY ........... .. .. . .. .. .. . ..... . 

silveri.n . .... . ... .. .... .... . 
Sahlite in gueiss .................... .. ...... .. .... .. 
SALE OF BULLION ............... . . ........ ...... . . .. . 
SAMPLISG of ores . .. . ...... .... ...... .. ..... . ... .. . .. 

liullion nl mclter c .. .. .. ..... .... .... . 

P aj:e. 

530 
34 1 

81,150 
579, 594 

49 
692 
62 
67 

WORKS .... ..... ................. .. ...... 629 
Saud berger, F. , cited .. ................ .... .. 561, 570,575, 576 
Sandy lime tones , term defined . .. . . .. .. .. .. .. .. .. .. 59 
Sangre de Cristo Range, Archean areas in. ... .. . . .. . 24 

anidine from N e..-adite, figured... ... . ............. . 34 
satin-lik luster of .. .. . .. .. . .. .. .. . .. . .. . 348 

Snu Juan region, Archean area in ... .. ......... .... 24 
secondary erupti..-es in .... .... . . .. aoc 

Sa watch :Range, Archean Janel ma s. . . . • • . . . . . . . . • • . 23 
Scorire, defined . .. .. . .. • .. . .. . • . . .. .. .. .. . .. . . . .. . .. . 701 
SECONDARY ERUPTIYE . . .. . .... . .. .. .. . .... ... . ..... 74 

folds .. .. . ........ . ............. ... ...... 122, 130 
Section ofCnmbrinn . ... ... ...... . ...... ... ..... . .. . 119, 132 

P aleozoic ... 57, 58,120, 12R, 133, 155, 166, 187,213,3 1 
W be r grits ...... ....... .. ....... ....... 101, 123 

on Iron fault . .. . . .. .. .. .. .. .. .. . . .. . .. . .. .. 400 

ections of L ad nile map e:<pla ined . . . . . . . . . . . • . . . . 263 
elenium in L eadnlle or .. ..... . ..... .. .. ......... 547,714 

Senarmcnt1 cited . .. . . .. .. . .. .. . .. .. . .. . .. . .. . . .. .. . 569 
Serlo, P rof. A .. cited .. .. .. .. .. .. .. • .. . . .. . . .. . . .. .. . 370 
Serpentine ..... .. .. ... . ..... ...... .. . . ... . 60, 120, 121, 234, 2 1 

nnaly e of....... .. .... .. . . .. .. .. . .. .. . .. 59 
SHA.FT. ACCRETIONS .. .. . . .. . .. . .. .. .. . .. . • .. .. .. . .. .. 726 
She p Creek . .. . . .. .. . . .. . . .. .. . . .. .. . .. .. .. . .. • .. .. 171 

MOUN'IA[X .. .. .. . .. . .. . . .. . .. . . . . . • . .. . .. .. . 16 
Tiidge, structure of .. .. .. . .. .. .. .. 162 

RIDGF. . .. . . . .... ... ...... . ...... .. ..... .. .... 109 
Sheridan fault ..... . ...... . .... ....... . ..... . 179, 181, 182, 211 

Mount. .... .. .. . ......... . .. ..... ......... 1 2 
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