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CHAPTER 1.

ORE DEPOSITS.

The preceding chapters have been devoted almost exclusively to the
consideration of the geological structure of the district. This subject has
been treated at considerable length, not only because it presents many facts
which seemed of sufficient” interest to geologists in general to justify such
treatment, but also because a thorough knowledge of the geological struct-
ure of a region is an essential and indispensable basis for the study of its
ore deposits; a fact which is too often lost sight of by those practically
engaged in mining. For a time the miner may develop his mine success-
fully by simply following the ore lead, guided by the empirical rules which
experience has taught him, and without regard to the geological phenomena
presented by the country rocks, their structural conditions, or the probable
origin and manner of formation of the deposits; but the time is sure to
come when without this knowledge he will be liable to make mistakes
which may cost him more than he has gained by all his previous labors.

Before proceeding to a detailed description of the various ore deposits
of the region studied in the course of this investigation, it may aid the
reader to have a brief résumé of their principal characteristics and a con-
cise statement of the conclusions which have been arrived at with regard
to their origin and manner of formation.

CLASSIFICATION.

To a scientific description of natural objects the most valuable aid
is a rational and universally accepted system of classification. The first

obstacle one encounters in attempting the description of ore deposits is
367



368 GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

the absence of such a classification. The object of a system of classifica-
tion is not only to afford a means of avoiding long and repeated circum-
locutions in descriptions, but also to furnish a comprehensive view of the
mutual relations of the classes of phenomena to which it is applied. Such
systems must necessarily change from time to time as the scientific studies
of the phenomena progress and knowledge with regard to them becomes
more accurate and thorough. The unsatisfactory state of existing classifi-
cations of ore deposits is due in large degree to an imperfect knowledge of
the subject on the part of those who have made them, but in part also to
their being made from a false standpoint.

As the study of geology sprang originally from the empirical observa-
tions of those engaged in mining for the useful metals, so the first systems
of classification of ore deposits were based on distinetions and character-
istics established by the miners themselves in their daily work, and, as in
carrying on this work the outward form of the deposit was the most essen-
tial characteristic, this naturally formed the basis of their classifications.
But while general geology has made relatively more rapid progress than the
study of ore deposits, which, being a matter of practical and economic im-
portance, has seemed to many to belong to a lower sphere of scientific inves-
tigation than purely theoretical questions, the prevalent classifications still
hold largely to the original basis of the practical miner. The form of a
deposit might well constitute the basis of a classification, if it constituted
an essential characteristic thereof, and if there were certain regular forms
that belonged exclusively to particular classes of deposits, which had a
necessary connection with the sum of their other characteristics. This is
so far from being the case, however, that not only is no one form confined
to any particular class of deposit, but the same class of deposit, that is,
one which has undoubtedly the same origin and manner of formation, may
have a great variety of different forms, as is the case with those about to
be described.

That the scientific study of ore deposits has not kept pace with the
advance in other branches of geology is due in great part no doubt to the
inherent difficulty of the subject, but also in a measure to a want of scien-
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tific zeal or knowledge on the part of those who are practically engaged in
mining. The phenomena to be investigated must be studied in the 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 as
permanent as are the latter and soon become obscured by decay or entirely
inaccessible. But, while the attainable facts are thus relatively meager,
they have not all been made available to the student, for the reason that
those practically engaged in mining are too often content with noting those
alone which have an immediate practical bearing, and have neglected to
put on record those of merely theoretical interest, which, nevertheless, if
carefully observed, might afford a basis for scientific generalizations of great
economic importance.

We can only hope to arrive at a satisfactory and rational classification,
which shall be founded essentially on genetic principles, when our knowl-
edge of ore deposits shall be vastly increased by the accumulation of a
great number of scientific observations, based on correct geological studies,
and towards this accumulation we must look to those practically conducting
mines for a most essential eontribution, since they alone have the opportu-
nity of daily observation of the constantly changing phenomena which ore
deposits present. Meanwhile it may be of use to review some of the more
prominent systems of classification proposed by modern writers upon ore
deposits, and to consider their relative applicability to the important class
of deposits under consideration. ;

As the Germans were the first to write upon mines and ore deposits
and the classifications adopted by other nations have been to a greater or less
degree founded upon their work, the first place will be given to a mention
of those most current in Germany at the present day. The original edition
of B. von Cotta’s treatise upon ore deposits appeared in 1853, and has not
been essentially changed in the later edition here quoted. The next classi-
fication quoted is that of Dr. Joh. Grimm, professor of the School of Mines
in Pribram, Bohemia. The third is that given in his course on mining at
the School of Mines of Berlin, by Professor H. Lottner, and published by his
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Von Cotta.!

Serlo-Lottner.?

Von Groddeck.*

1. Deposits of regular form.

1. Beds.
a. Beds of ore, coal, ete.

i Grimm.?
|

1. Disseminations orimpreg-

nations (deposits form-
ing an essential constit-
nent of the country

I. Inclosed or underground !
deposits.

1. Sheet (regular-shaped) de-

1. Original or primary de- |

posits. \

A. Contemporaneous with ‘
country rock.

The last, that of Dr. A. von Groddeck, of the

b. Placer deposits. posits,
9. Veins. ‘ rock). a. Veins. 1. Deposits in stratified
a. Transverse or ordinary 1. Original impregnations. b. Beds. rocks.
veins. ‘ 2. Secondary impregnations. | 2. Mass (irregular-shaped) | 2. Deposits in eruptive
b. Bedded veins. deposits. rocks. |

¢. Contact veins.
d. Lenticular veins.
II. Deposits of irregular
form.

II. Distinctore deposits
1 (forming an accessory
constituent of the coun-

| try rock).

‘ 1. Sleet (regular-shaped)

a. Stocks.
b. Stock works.

3. Other irregularly-shaped |
deposits (pockets, kid-

B. Later than countryrock.

3. Deposits filling pre-exist-
ing cavities.
a. Veins or lodes.

|
|
|
|
|

1. Stocks (sharply defined masses. neys, &c.). b. Cave fillings.
| bodies.) a. Bedded (sedimentary) | r. Superficial deposits. 4. Metamorphic (or metaso-
a. Stock works. i deposits. |

b. Contact stocks.
¢c. Cave fillings.

b. Veins; crevice deposits;

stringers (filling open

4. Deposits of débris (plac-

ers).

matic) deposits.

I1. Secondary or detrital de-

posits.

d.and e.- Pockets, kidney- | fissures). 8. Surface deposits in place | \
shaped deposits (Butz- | c. Sheet-shaped segrega- (bog-ore, &e.).
en, Rachelen, Taschen, tions. e = I P ™ o R L

Nester, Rinner, Nie-

ren).*

2. Impregnations (bodies

not sharply defined).

| 2. Stocks and irregularly
shaped deposgits.

a. Bedded (sedimentary)
deposits.

1 Die Lehre von den Erzlagerstiitten.

|
|
|
|
{

Freiberg, 1859. |

| ?Die Lagerstiitten der nutzbaren Mineralien. Prag,
a. Independent impregna- b. Stocks (Butzen, Nester, 1860.
tions. ' ete), filling pre-exist- | 3 pergpaukande. Berlin, 1878.
b. Dependent impregna- ing cavities. 4 Die Lehre von den Lagerstitten der Erze. Leipzig,

tions (connected with
other deposits).

¢. Stock works (reticulat-
ed veins).

1879.

| * Untranslatable miner’s
| terms,

|

Von Cotta’s classification is founded exclusively on the form of the
deposit and recognizes no genetic principle as a basis of classification. Thus,
such essentially opposed deposits as coal beds and placer deposits, on the
one haﬁd, and mineral veins and contact deposits, on the other, are put
under one general heading ; while cave-fillings, pockets, ete., which may he
merely offshoots from a vein or contact deposit, come under a distinct main
head.

Grimm’s classification is also mainly founded on the outward form of
the deposit, but he admits a few minor genetical distinctions, such as sep-
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arating bedded deposits of sedimentary origin from those which were formed
later than the inclosing rocks. Lottner also bases his classification on out-
ward form alone, but distinguishes secondary from original deposits. Von
Groddeck lays much more stress on genetic distinctions, and not only
brings in each of those recognized by the two previously named, but admits
the existence of ore deposits of later-formation than the country rock which
do not necessarily fill pre-existing cavities or fissures.

F. Posepny,' professor at Pribram, who has made an extensive study
of ore deposits, including many of those of the United States, proposes an
even more radically genetic subdivision of metalliferous deposits into (1)
deposits in pre-existing cavities and (2) those formed by gradual replace-
ment of the rock substances by the vein material or mineral, the first class
being further subdivided into those filling cavities formed in a mechanical
way, or dislocation spaces, and those formed by corrosive action in soluble
rock, or corrosive spaces, which would correspond in general, though not
necessarily in all cases, to the distinctions of Grimm and Groddeck of the
fissure-fillings and cave-fillings. '

In order that a classification should find general acceptation among
mining men, it is essential, moreover, that it should be simple, concise, and
of easy comprehension, qualifications which the first two of the above
systems certainly do not possess. Thus, in this country, where mining-
geology has found its principal discussion in courts of law, in which Prime’s
translation of von Cotta has been generally accepted as authority, ore
deposits of primary origin (leaving placers out of consideration) are practi-
cally divided into true fissure veins and deposits which are not true fissure
veins, the latter class being somewhat loosely subdivided into contact
deposits, blanket deposits, and rake, pipe, and gash veins.

The term ‘“blanket deposit” is probably derived from the manta of the
Spanish miners, a term which in Mexico and South America designates the
richest and most productive ore bodies, but in the United States is apt to
be applied in rather a derogatory sense to any horizontal sheet of ore. The
last terms are derived from local usage in the lead regions of the north of

! Archiv fiir praktische Geologie, p. 600. Wien, 1880.
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England, and their general application is of very doubtful advisability,
since authorities differ as to their exact definition. The term *gash vein”
is the only one recognized in the classifications given below, and is there
applied to a fissure which is confined to a particular rock or bed and which
does not extend into the adjoining rocks.

The English literature of ore deposits is even more meager than the
German. Of general treatises on this subject, the more prominent in this
country are J. D. Whitney’s Metallic Wealth of the United States, pub-
lished in 1854 ; an article by R. W. Raymond, in his Mining Statistics for
1869; and an admirable but little known paper on ore deposits, in John-
son’s Cyclopwedia, by R. Pumpelly. J. S. Newberry has also published an
article on the origin and classification of ore deposits in the School of Mines
Quarterly for March, 1880. In England, J. Arthur Phillips published in
1884 an extended treatise on ore deposits. Of the classifications proposed
by the above authors, those of Newberry and Phillips are nearly identical
with that of Whitney and Raymond’s is avowedly an adaptation of Lottner,
the differences in either case being unessential for the purposes of the pres-
ent discussion. Those of Whitney and Pumpelly alone are therefore given
Lere, and to them is added that given by A. Geikie in his Text Book on
Geology (London, 1882), mainly because of the different standpoint from
which it is made.!

1 Prof. Joseph Le Conte has also published an article on the Genesis of Ore Deposits, in the Amer-
ican Journal of Science for July, 1883, in which a subdivision into (1) fissure veins, (2)incipient fissures,
(3) brecciated veins, (4) substitution veins, (5) contact veins, (6) irregular ore deposits, is given.
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J. D. Whitney. R. Pumpelly. ’ A. Geikie.

1. Superficial. 1. Surface deposits.
IL. Stratified. 1. Residuary deposits.

1. Contemporaneous ores of
stratified rocks.

II. Contemporaneous oresof

a. Constituting the mass | 2. Stream deposits.
erystalline rocks.

of a .bed or stratified | 3 a6 and bog deposits. | i
deposit. III. Subsequentlyintroduced
b. Disseminated through IL. Forms d.ue to the texture ores. |

sedimentary beds. of thedniloning rotkor | : N s ‘
|- o Griginsily Sepoutiol to its mineral constitu- 1+ Mineral veins or lodes. |
[ J tion, or to both. 2. Stocks and stock works

(including gash veins).

from aqueons solution, |
but since metamor- | 1. Disseminated concentra- |
phosed. tions. i
III. Unstratified. a. Impregnations.
| b. Fahlbands.

a. Masses of eruptive |
2. Aggregated concentrationa.

: origin. 3 5
E b. Disseminated in erup- | a. Lenticularaggregations.
g tve racka: b. Irregular masses (stocks)
E’ ¢. Stock work deposits. ¢. Reticulated veins (stock
3 Y works).
d. Contact deposits.
Le. Fahlbands. d. Contact deposits.

_‘i' . Segregated veins. III. Forms duechiefly topre-
54 9 Gash veins. existing cavities or open
£ h. True or fissure veins. JSissures.

1. Cave deposits.

| 2. Gash veins.
3. Fissure veins.

All of the above are an advance upon von Cotta in that form is not in all
cases the exclusive basis of classification. Whitney’s first two subdivisions
are distinetly genetic, but the third, which embraces the majority of metal-
liferous deposits, is an unsystematic grouping of a variety of forms having
only one common quality, that of not being stratified. Whitney recog-
nizes a genetic quality in his division a, that of being of eruptive origin, but
few geologists of the present day agree with his wide application of this
quality —for instance, to the great deposits of magneticiron of Missouri and
Lake Superior. In his “segregated veins” he recognizes the possibility
of an unstratified deposit which is not the filling of a pre-existing cavity,
while no such recognition is found in Geikie’s classification. Geikie’s term
“subsequently introduced ores,” on the other hand, is to be preferred to
“ unstratified deposits,” as being based on a more essential characteristic
of the deposit. This would involve, however, a definite statement as to
the age of Whitney’s Classes III, @ and b, which his general term avoids.
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Pumpelly’s classification ignores the division of stratified or contem-
poraneous ore deposits, and in his text he states his belief that the greater
number of ore deposits have been formed later than the inclosing rock ;
he also says that all metalliferous aggregations are the result of a process
o series of processes of concentration.

Posepny states his opinion on contemporaneous deposits even more
strongly in the following words:’ g

In the course of my nearly twenty-years studies of ore deposits I have yet met
with no deposits (carrying sulphides) which answer to Werner’s definition — that is,
whose ores are contemporaneous with the country rock and which form a regular
interstratified bed between other rock strata.

Like PoSepny, Pumpelly recognizes the importance of deposits which
do not fill pre-existing cavities, devoting to these his subdivisions I and IL
These he says fall under two heads, as regards the manner in which the
space occupied by them was obtained : (1) by mechanical displacement of
the inclosing material ; (2) by a chemical replacement similar to that to
which pseudomorphs owe their origin. His use of the form as a basis of
subdivision for deposits filling pre-existing cavities seems more legitimate
than in the case of those which his title seems to imply are merely concen-
trations of metallic minerals already existing in the rock, and the use of
the word ‘““concentration,” as applied exclusively to the latter classes, seems
unfortunate, as implying that the others are not concentrations also.

Geikie’s classification has the merit of conciseness and his principal
divisions are based on genetic prineiples, but his subdivisions, like those of
von Cotta, recognize only differences of outward form.

In view of the difficulty, or even, in many cases, the apparent impossi-
bility, of determining definitely the genesis of a given deposit, it may well
be questioned how far it is advisable to adopt genetic relations as the basis
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 studying
should be placed. It seems to the writer, however, that in such a case,
although his determination may not be final and may give rise to discussion
and difference of opinion on the part of other observers in the same field,

1 Op. cit., p. 423.



CLASSIFICATION OF ORE DEPOSITS. 375

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 deposit in question
according to its outward form.

As regards the applicability of the foregoing classifications to the Lead-
ville deposits, it will be seen from a perusal of the following pages_that no
one of the subdivisions proposed would adequately define them; either
they would apply only to a limited portion of the deposits or else they
would include them under the same head with deposits of an essentially
different character.

Of von Cotta’s, Lottner’s, and Whitney’s subdivisions, several would be
applicable; thus, a large part of the deposits are contact deposits; other
parts, however, not being at the contact of two different rocks, would be
stocks when large and pockets, chambers, etc., when small. The same remark
would apply to Pumpelly’s subdivision of his Class II, 2. On the other
hand his definition of gash veins, as filling open fissures, would not apply
to those of this region. The deposits would come under only a single head
of Grimm’s, Geikie’s, and von Groddeck’s classifications. By the two for-
mer they would be classed under the general head of stocks, which really
defines nothing except that they are of irregular shape and large. Finally,
von Groddeck’s term “metamorphic,” or “metasomatic,” applies to all the
Leadville deposits and defines one most essential characteristic; without
some modification, however, it would apply equally well to a large por-
tion of the Rocky Mountain deposits in Archean rocks, which have been pre-
viously considered to be ‘true fissure veins.”

LEADVILLE DEPOSITS.

Manner of occurrence.— By far the most important of the ores of Leadville
and vicinity, both in quantity and in quality, occur in the blue-gray dolo-
mitic limestone of the Lower Carboniferous formation, hence known as the
Blue or ore-bearing Limestone, and at or near its contact with the over-
lyiﬁg sheet of porphyry, which is generally the White or Leadville Por-
phyry. They thus constitute a sort of contact sheet, whose upper surface,
being formed by the base of the porphyry sheet, is comparatively regular
and well defined, while the lower surface is ill-defined and irregular, there
being a gradual transition from ore into unaltered limestone, the former
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extending to varying depths from the surface, and even occupying at times
the entire thickness of the Blue Limestone formation. This may be re-
garded as the typical form of the Leadville deposits; there are, however,
variations from it, and also in the character of the inclosing rock, which do
not necessarily involve any difference in origin or mode of formation. As
variations in form, the ore sometimes occurs in irregularly-shaped bodies,
or in transverse sheets not always directly connected with the upper or
contact surface of the ore-bearing bed or rock; it also occurs at or near the
contact of sheets of Gray or other porphyries with the Blue Limestone, and
less frequently in sedimentary beds, both calcareous and silicious, and in
porphyry bodies, sometimes on or near contact surfaces, sometimes along
joint or fault planes.

Composition.—The prevailing and by far the most important ore, from
an economical point of view, is argentiferous galena, with its secondary
products, cerussite or carbonate of lead and cerargyrite or chloride of silver.

Lead is also found as anglesite or sulphate, as pyromorphite or chloro-
phosphate, and occasionally as oxide in the form of litharge or more rarely
of minium.

Silver frequently occurs as chloro-bromide, less frequently as chloro-
iodide, and very rarely in the native state. Chemical investigation has
failed to detect sufficient regularity in the proportions of chlorine, bromine,
and iodine, combined with the silver, to justify the determination of distinet
mineral species.

A frequent alteration product of mixed pyrite and galena, which occurs
in considerable quantity, associated with the ore bodies, is generally called
‘““basic ferric sulphate.” It is an ocherous-looking substance of somewhat
uniform outward appearance, but of varying composition, being mainly a
mixture of jarosite, or yellow vitriol, and hydrated basic ferric sulphate,
with more or less anglesite and pyromorphite.

Gold occurs in the native state, generally in extremely small flakes or
leaflets. 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 as arseniate of iron.
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Antimony, probably as sulphide.

Molybdenum, in the form of molybdate of lead or wulfenite.

Copper, as carbonate or silicate.

Bismuth, as sulphide and its secondary product, a sulpho-carbonate.

Vanadium, as dechenite or the vanadate of lead and zine.

Tin, indium, and cadmium have been detected in furnace products. -

Iron ocecurs as an ore, though in the Leadville deposits in general it con-
stitutes an essential part of the gangue or matrix in which the valuable ore
is found. In the former case it occurs in considerable bodies as pyrite or
sulphide and as anhydrous oxide or red hematite, with a liittle magnetite.

Gangue—"The other components of the ore deposits, which may be con-
sidered as gangue, although this term is perhaps more strictly applicable to
non-metallic minerals, are:

Silica, either as chert or as a granular cavernous quartz, and chemic-
ally or mechanically combined with hydrous oxides of iron and manganese.

A great variety of clays or hydrous silicates of alumina, generally
very impure and charged with oxide of iron and manganese, the extreme
of purity being white normal kaolin, containing at times sulphuric acid in
appreciable amount.

Sulphate of baryta or heavy spar.

Carbonate of iron, pyrite, and sulphate of lime are comparatively rare
in the deposits of Leadville itself.

The miner’s term, Chinese tale, has been retained for a substance
which is found with singular persistence along the main ore channel, or at
the dividing plane between White Porphyry and underlying Jimestone or
vein material, and also at times within the body of the deposit. It is com-
posed of silicate and a varying amount of sulphate of alumina, to which
no definite composition can be assigned. It is compact, semi-translucent,
generally white, and so soft as to be easily cut by the finger-nail. It is
very hygroscopic; hardens and becomes opaque on exposure to the air.

Distribution.— With regard to the distribution of the above ores the prin-
cipal generalizations to be made are:

1. That the main mass of argentiferous lead ores is found in calcareo-magnesian beds.
II. That ores containing gold and copper are more frequently found in silicious beds,
in porphyries, or in crystalline rocks. :
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These associations have already been remarked in other mining dis-
triets.

Secondary alteration—Here, as elsewhere, the ores found near the surface
are mostly oxidized or chloridized ores, and those farther removed from it,
or comparatively unexposed to the direct action of surface waters, are
mostly sulphides. It may be observed, moreover, that the zone of sec-
ondary deposition, or that in which oxidized ores predominate over sul-
phides, varies in the depth to which it extends with the relative altitude of
the deposit; or that in higher altitudes, where surface waters are imprisoned
by frost during a larger portion of the year, the proportion of secondary
products is less.

There is a contrast in this respect, however, between the deposits of
Leadville and those of the more arid regions of the Great Basin. In the
latter the surface zone, or zone of oxidation, is generally more sharply
defined and extends down to what is known as the water level. This con-
trast is more apparent than real, for the zone of oxidation is there dry, be-
cause of the limited atmospheric precipitation, and in Leadville generally
wet, partly because of the relatively great precipitation and partly because
of the peculiar geological position of the deposits, which renders them more
accessible to surface waters. The alteration of the ore deposits is produced,
not by the water alone, but by the atmospheric agents which it brings from
the surface with it; whereas in the case of deposits below the water level
the water which reaches them, not coming directly from the surface, but
through a relatively long underground passage, has during that passage
been deprived of these active agents of oxidation or neutralized.

Mode of formation.—F'rom the present investigation it has been assumed,
with regard to the mode of formation of these deposits:

- 1. That they were deposited from aqueous solutions.

11. That they were originally deposited mainly in the form of sulphides.

I11. That the process of deposition was a metasomatic interchange with the material
of the rock in which they were deposited. That is, that the material of which they were
composed was not a deposit in a pre-existing cavity in the rock, but that the solu-
tions which carried them gradually dissolved out the original rock material and left
the ore or vein material in its place.

1V. That the mineral solutions or ore currents concentrated along natural water
channels and followed by preference the bedding planes at a certain geological horizon, but
that they also pencetrated the adjoining rocks through cross joints and cleavage planes.
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Age of deposits,—As regards the time of deposition of the original ore
deposits, it is proved:

That they were deposited not later than the Cretaceous period.

That they are later than the inclosing rock is proved by their mode
of occurrence; and since they have partaken of the dynamic movements to
which these rocks were subjected, and were folded and faulted with them,
they must have been formed earlier than these dynamic movements, which,
as the geological considerations already presented show, occurred not later
than the close of the Cretaceous period.

Origin of the metallic contents.— With regard to the immediate source from
which the minerals forming these deposits were derived, the following con-
clusions have been arrived at:

I. That they came from above.
11. That they were derived mainly from the neighboring eruptive rocks.

By these statements it is not intended to deny the possibility that the
material may originally have come from great depths, nor to maintain that
they were necessarily derived entirely from eruptive rocks at present im-
mediately in contact with the deposits.

The facts and reasons on which these conclusions are based will be
given in the following chapters.



CHAPTER II.

IRON HILL GROUP.

IRON HILL.

General description.— Of the three principal groups of mines, that of Iron
Hill presents the simplest type, both in geological structure and in the
character of its ore deposits. It is that of a block of easterly-dipping beds,
with a fault on its western side, by whose displacement these beds have
been lifted in places about one thousand feet above their western continu-
ation, and in which the ore deposition has taken place at the upper surface
of the limestone bed, along its contact with the overlying porphyry, and
extending down at times into the mass of the limestone. This simple type
obtains only on the south end of Iron Hill, and even then in a somewhat
modified form, the north presenting, as will be seen later, the extreme of
complication.

The area represented on the Iron Hill and North Iron Hill maps forms
topographically one continuous ridge. The map has been printed on two
sheets, partly because of its otherwise cumbersome size and partly because
the geological character of the opposite ends of the hill is very different.

The Iron Hill map includes all of Iron Hill except its northern por-
tion, together with a part of Dome or Rock Hill, the spur which lies be-
tween California and Towa gulches. It thus takes in all the mines belonging
to the Iron Silver Mining Company, to the La Plata Mining and Smelting
Company, and to the Silver Cord Combination, which represent the prin-
cipal developments outside the Adelaide-Argentine group in this portion
of the Leadville region.

Iron Hill and its companion, Carbonate Hill, are flat-topped bosses or
shoulders, on the main spur of the Mosquito Range between California and

Evans gulches, whose form was evidently due originally to the displace-
280
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ment of Iron and Carbonate faults, though much modified by later erosion.
The region, however, as distinguished from the other portions of Leadville,
has been scarcely affected by glacial action, California gulch, in which
erosion has been deepest, being, as has already been shown, essentially a
valley of erosion. The slopes of the hills are steep, but extremely regular,
and covered with an accumulation of *“Slide,” whose average depth may be
considered to be from six to ten feet. This slide is distinguished from
Wash by being not rounded, but angular and resulting from the disinte-
gration of rock in place. It consists mainly of the débris of White Por-
phyry, which forms the top rock of either hill. The porphyry weathers
into thin sherd-like fragments, which from their relative lightness are easily
carried down by rain or snow, and therefore cover the greater part of the
slopes of the hills, even where other rocks actually crop out. It is only
along the steep slopes of the V-shaped valley of California gulch that actual
outerops of rock in place are found on either hill.

Geological structure.— The average strike of the formations on Iron Hill is
a little west of north, and the beds dip east at an angle of about 12° to
25°, shallowing, however, to the eastward, and probably basining up toward
the Mike fault. The south face of the hill has, by the erosion of the deep
V-shaped valley of California gulch, been left so steep that its surface is but
thinly covered by detrital material, and east of the Iron fault, whose line is
marked by a slight depression down the slope, the outcrops of the succeeding
sedimentary beds can be readily traced, in the numerous prospect holes, from
the Lower Quartzite, immediately overlying the Archean, up to the main
body of White Porphyry, which forms the summit of the hill.

The geological section represented on this slope is, then, in descendmw
order:

1. White Porphyry capping, in which are included detached portions of the
Weber Shales, represented in the Imes shaft by black shales and, along the outcrops
on the Lime and Bull’s Iiye claims, by a greenish slate containing plentiful easts of
Lingula mytiloides.

Feet.
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Later intrusive sheets.— Besides this normal series of beds, are two intrusive
sheets of porphyry of later eruption than the White, and allied to, though
not absolutely identical with, the Gray Porphyry. One of these is found
at the top of the Blue Limestone,’the other near its base. Their probable
extent can be best seen by reference to the map and sections (Atlas Sheets
XXIII, XXIV, XXV). The thicknesses there given are assumed from the
position of outerops, where they could be determined, and from other in-
direct evidence, and may differ considerably from the actual facts, as these
porphyry sheets, especially the later ones, vary much in thickness in rela-
tively short distances.

Upper sheet.— The rock of the former of these bodies is of a dark-gray
color and consists of plates of altered mica and relatively large, opaque,
white feldspars in a greenish-gray matrix. So far as seen it is in a too
advanced state of decomposition to allow of a satisfactory determination of
its original constituents. Externally, however, it resembles more closely
the country rock of the Printer Boy mine than any other porphyry col-
lected.

This sheet, while in general separating the White Porphyry from the
Blue Limestone, does not always keep exactly the same horizon. In the
bed of California Gulch, where the outcrops eross and where this porphyry
seems to be thickest, it cuts into the Blue Limestone, leaving a portion of
the latter above it, near the mouth of the La Plata tunnel. Farther west,
on the hill slopes, it cuts up into the White Porphyry for a short distance,
leaving a sheet of that rock between it and the Blue Limestone, and then
again returns to the contact on the Lime claim, on Iron Hill, and west of the
Dome fault, on Dome Hill. There is direct evidence that the sheet thins or
wedges out from this crossing of California Gulch to the south, west, and
north, but on the east no workings have yet reached a sufficient depth to
cut it. It is not impossible that it may be an offshoot from some large body
occupying a lower position in that direction—the Printer Boy body, for
instance, which is at a lower geological horizon, though actually brought to
a higher elevation by faulting.

Lower sheet—The rock of the second body, as compared with that just
described or with the normal Gray Porphyry, has in the hand specimen a
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much finer grain, and its minute feldspar crystals are generally of a flesh
color. When thoroughly bleached by decomposition it can be distin-
guished from the White Porphyry by its speckled or mottled appearance,
whence the name of ‘mottled porphyry” that is not infrequently applied
to it. It is probably also a variety of Gray Porphyry, though, like the pre-
ceding, not found in sufficiently fresh condition for exact determination.

As nearly as can be determined from the various prospect holes on the
slope of the hill, this body has its maximum thickness near the line of the
Iron fault and thins out to the southeast. It is best seen in a tunnel driven
in near the fault, on its contact with an underlying limestone, which is sup-
posed to be the lower portion of the Blue Limestone, though, as the Part-
ing Quartzite was not actually exposed below it, this cannot be regarded as
beyond a doubt. A certain amount of iron-stained material is found at the
contact, and it had been supposed by some that this repetition of a contact
of porphyry and underlying limestone below the regular outcrop was evi-
dence of another fault, the different character of the two porphyries having
escaped observation.

This porphyry sheet is probably of much wider extent than the one
previously deseribed, although its actual outerop is much more limited ; as
will be seen later, it probably extends under the greater part of Carbonate
Hill, and inasmuch as sheets of Gray Porphyry are found in considerable
development on the north end of Iron Hill, though at somewhat lower hori-
zon, it is fair to assume, as has been done in the sections (Atlas Sheet XXIV),
that it extends under Iron Hill also, gradually lowering in horizon toward
the north. It is probable that the small bodies of Gray Porphyry found
crossing the limestone in various points of the hill are offshoots from this
body.

White Porphyry.—The White Porphyry, which forms the summit of the
hill, is the normal rock already described. From the quarry in California
gulch, just above Graham gulch, was taken the specimen chosen for complete
analysis (see Appendix B, Table I). In this quarry, which is but a short
distance west of the Iron fault, the jointing planes are strongly marked,
those parallel with the plane of the fault being the most prominent.
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Blue Limestone—'T'he Blue Limestone, as shown by the map, has an
unusually broad outcrop in California guleh, owing to erosion and to the
low angle at which it stands. From the bed of the gulch the outerops extend
up along the hill slopes on either side, only obscured by slide or surface
débris, until cut off by the Iron and Dome faults, respectively. On the
Montgomery claim, a cliff exposure of a very considerable thickness of the
lower beds is afforded by an open cut, where the limestone was formerly
quarried as a flux for the smelters. There is also a small outcrop west of
the Emmet fault, near the bed of the gulch, below the Columbia tunnel.
From the upper beds in the Silver Wave ground were taken the specimens
illustrated in Plate VI (p. 64) and whose composition is shown in Appen-
dix B, Table V. The characteristic ribbed structure is here very well devel-
oped. The thickness of the formation, as calculated from these outerops,
is two hundred feet or more, which is greater than that deduced from meas-
urements on Carbonate Hill.

silurian—"The White Limestone is disclosed in numerous prospect holes,
and some shafts on the south side of the gulch have cut the character-
istic Red-cast beds. The Parting Quartzite could not be unmistakably
recognized, owing to its close resemblance underground to decomposed
porphyry. There is, however, no reason to assume that it is wanting.

cambrian—The Lower Quartzite is best shown in the Globe and Garden
City shafts, each of which has cut through it into the underlying Archean.
The quartzite is of the usual normal type and the Archean is a coarse-
grained granitoid gneiss.

Iron fault—The average direction of the line of the Iron fault is a little
east of north, butits course is very crooked, as shown on the map. Although
this irregularity may be somewhat increased by erosion, i. e, be greater than
if the line given on the map were- its intersection with a horizontal plane,
still it cannot be considered abnormal, since from the bed of California
guleh northward to the Codfish Balls shaft it has been actually proved in
so many cases as to render its delineation unusually exaet.

It has been cut by the workings of the Garden City shaft; by the L.
M. shaft, which was sunk perpendicularly to the depth of two to three
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hundred feet through White Porphyry, on the west side of the fault, into
Lower Quartzite on the east side; by two shafts on the Lingula claim; and
by numerous shafts and winzes in the claims of the Iron mine, some of the
latter being sunk on the plane of the fault itself, and showing its average
dip to be 60° to 65° to the westward, or nearly at right angles to the dip
of the formation.

As the Blue Limestone has not yet been reached on the west side of the
fault in the region represented on this map, its movement of displacement,
or throw, cannot be accurately determined. Its maximum is probably not
far from one thousand feet, since the City of Paris shaft, 1,200 feet north
of the line of the map, was sunk to a depth of 800 feet without reaching
the Blue Limestone. The dip of this bed carried back from the outcrop
on Carbonate Hill, at the average angle, would reach at the line of the
fault a much greater depth, probably not less than fifteen hundred feet;
but there are good grounds for assuming that this dip shallows, and that
the beds actually basin up, i. e, assume a westerly dip, before reaching
the line of the fault. The movement of this fault may here be partly dis-
tributed among smaller parallel faults to the west, like the Carbonate fault,
in which case the contact immediately adjoining the main fault may be found
at a less depth than 1,000 feet. To the north, beyond the limits of this map,
as has already been szen in the general description of the Leadville region,
the movement of the Iron fault gradually decreases and it apparently passes
into an anticlinal fold As regards the continuation of the fault south of
California gulch, however, no definite data have been obtained, since the
great accumulation of Wash and Lake beds there have been a barrier
to underground explorations. It has been assumed that it gradually
passes into a synclinal fold, as indicated on the map of Leadville. The
movement of displacement south of California gulch is, however, distributed
among two faults, the Dome and the Emmet, with which the Iron fault is
connected by a cross-fault (the California fault), which follows approx-
imately the bed of California gulch.

California fault.—The plane of this fault has not been actually cut, but its
existence is proved by the discrepancy of the beds on either side of the

MON XII——25
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gulch, the Blue Limestone outcropping near the Robert Kmmet tunnel and
opposite the Globe shaft, in which the Lower Quartzite is cut.!

Dome fault— The Dome fault is in one sense the proper continuagon of
the Iron fault, since it forms the great break on Dome Hill, as Iron fault
does on Iron Hill, and, like the latter, passes at its extremity into an anti-
clinal fold. Considered in this way, the Iron, California, and Dome faults
would form a single fracture, somewhat irregular in direction, but having a
general north-and-south trend, while the southern continuation of the Iron
fault, as at present indicated, and the Emmet fault, would be simply
branches, relieving the strain atthe sudden bend of the fault in California
gulch. To the east of this line of fracture are the principal outcrops of Blue
Iiimestone and the main ore developments in this region, while to the west
this horizon is more or less deeply buried beneath a covering of porphyry.
The Dome fault proper has a general north-and-south direction. Its plane
has been proved by underground workings only in the Vining tunnel, but
the line as given on the map is tolerably closely determined by the develop-
ments of adjoining shafts and inclines, those on the west finding White
Porphyry, underlaid by Gray Porphyry, on a level with Blue Limestone on
the east, in the Rock and Dome workings.

Emmet fault— This small fault, running in a southwest direction from
the California fault, has a movement of displacement the reverse of the
majority of the faults in this region — that is, the upthrow is to the west in-
stead of to the east. Its plane has actually been proved by adrift running west-
ward from a winze sunk in the Robert Emmet tunnel. It is further proved
by the discrepancy in the position of the Blue Limestone and the overlying
porphyries on either side of it, as shown in Section G, Atlas Sheet XXV.
That it actually continues to its junction with the Iron fault to the south,
as indicated on the Leadville map, is merely a matter of conjecture.

Dome Hill. — By reference to Atlas Sheet XXV, Sections E and F, it will
be seen that the northern portion of the ridge of Dome Hill, adjoining Cal-

! Since the close of field-work, developments in the Garden City mine have definitely located the posi-
tion of the western end of this fanlt. The lower shaft on this claim was sunk perpendicularly 100 feet
through limestone and vein material, and then passed into the Lower Quartzite, crossing the fanlt
diagonally. At 120 feet a drift to the southwest cut the fault at 5 feet from the shaft, showing that
its dip is to the south. At 75 feet from the shaft the same drift cut the plane of the Iron fault and passed
into the White Porphyry on the west side of this fanlt.
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ifornia gulch, was originally pa:t of the Iron and Carbonate Hill ridge and
that their present separation by the valley of California guleh is due tc
erosion since the Glacial epoch. What is now the main crest of the ridge
was once an arm or bay in the Arkansas lake, and the actual rock surface
is buried to a great depth beneath the deposits formed in this lake and the
later Wash  Except, therefore, on the northern edge of the ridge adjoining
California gulch, which is the portion shown on the Iron Hill map, data
with regard to the actual rock surface are extremely meager. Its geological
structure above and to the east is similar to, and practically a continuation
of, that of Iron Hill, namely, a series of easterly-dipping beds, capped by
porphyry, in which the ore bodies have been developed by following the
contact of the Blue Limestone with the overlying porphyry. The main
difference lies in the development of the intrusive sheet of Gray Porphyry
below the White Porphyry, which is not, however, absolutely parallel
with the bedding, inasmuch as on the summit of Dome Hill a small sheet
of White Porphyry is left between the Gray Porphyry and the limestone
and in the La Plata ground the Gray Porphyry cuts down through the
upper part of the Blue Limestone.

West of the Dome fault the relative position of these two sheets of
porphyry affords most valuable evidence as to the underground structure,
and actually proves a basining-up of the beds towards the Dome fault, as
has been assumed to be the case in regard to the beds west of the Iron
fault. At the Bank of France shaft the Gray Porphyry actually comes to
the rock surface. The City Bank and Oro City, on the other hand, pass
through the White Porphyry into the Gray, as does the Vining shaft higher
up on the hill. The Sullivan, Ben Burb, and Keno shafts have reached
the contact and limestone after passing through the White and then a com-
paratively thin body of Gray Porphyry. The Blue Limestone is thus
shown to be at no great depth below the surface near the Dome fault. On
the other hand, at the Coon Valley shaft, near the head of Georgia gulch,
the Blue Limestone is over six hundred feet deep, showing a comparatively
steep dip from the fault westward.!

1 Since the completion of field-work the contact and even valuable bodies of ore have been proved
in this region west of the Dome faunlt, notably in the Rosie, Sequin, and Vining claims. In the Sequin
the contact was struck at 375 feet, in the Vining at 317 feet, in each case with a sharp dip to the west-
ward.
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The wedge-shaped block of ground between the Emmet and Iron
faults may be considered a portion of the formation which, by compression
between the adjoining blocks, has been lifted up relatively and compressed
into an anticlinal fold. Aectual outerops of Blue Limestone are found near
the bed of California gulch, opposite the Globe shaft. The Columbia tunnel
was run in apparently on the very crest of the fold and developed consid-
erable ore on the contact. I'rom the line of the tunnel the formation dips
gently to the eastward and very steeply to the westward, so that in the
Crescentia shaft, a little west of it on the slopes of California guleh, at a
depth of 335 feet the limestone had not yet been reached, but the shaft was
in the Gray Porphyry beneath the White.! Section G, Atlas Sheet XXV,
represents graphically the structure thus described.

Ore deposits—T'he principal deposition of ore has taken place along the
contact-plane between the Blue Limestone and overlying White Porphyry,
and extended to greater or less depth into the mass of the limestone. In
several instances large deposits have been formed within the body of the
limestone, being probably on the line of some natural cleavage or joint
plane which caused a deviation of the ore currents from their normal
course.

The vein material or gangue consists of hydrated oxides of iron and
manganese, silica, and clay. The iron varies from a hard, compact, more or
less silicious brown hematite to a simple coloring matter of the clay. Man-
ganese is found sometimes in fine, needle-like crystals of pyrolusite, but
mainly occurs as a sort of wad, a black clayey mass known to the miners
as ““black iron.” Silica occurs either as a blue-black chert or as a granular,
somewhat porous mass, hardly distinguishable from quartzite. Clay is
found in greatly varying degrees of impurity, from a white kaolin down,
and is a product of the decomposition of porphyry. It occurs either in
place or as an infiltrated mass. DBesides this should be mentioned the
Chinese tale of the miners, found mainly at the actual contact.

The ore is principally argentiferous galena and its secondary products
are carbonate of lead, or cerussite, and chloride of silver. As accessory

| Late developments in the lower Garden City shaft show that the Blue Limestone is considerably
mineralized and that the formation dips very steeply to the southwest.
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minerals, or those of less frequent occurrence, are sulphate of lead or
anglesite, pyromorphite, minium, zine blende, and calamine. Native sul-
phur is found in one instance as the result of the decomposition of galena,
and native silver formed by the reduction of chloride.

MINE WORKINGS.

The principal mine workings in the area represented on the Iron Hill
map may be divided into the following groups, commencing at the south:

1. The Rock and Dome.

The La Plata and Stone.

. The Lime and Smuggler.

. The Silver Wave and Silver Cord, including the South Bull’s Eye.
The Iron mine proper, including the North Bull’s Eye.

o WL

<

Rock and Dome.—These two claims are owned and worked by the Iron
Silver Mining Company. The former is opened by a tunnel running south-
ward on the strike, the latter by an incline running eastward on the dip.
The ore bodies thus far developed in either mine are found near the sur-
face of the hill and may belong to the same bonanza, if the same north-
easterly direction of ore shoots prevails here as does on Iron Hill. On the
hillside, at the present mouth of the Rock tunnel, was formerly an actual
rock outerop, consisting largely of hard carbonate, from which the mine
derived its name and where the first ore in place was found in this region.
From it were no doubt derived the heavy fragments which caused so
much annoyance to the early gulch miners.

From this tunnel level the ore has been followed along the contact of
limestone and porphyry a certain distance upward or toward the outcrop,
but mainly eastward in the trough of a fold and then downward on the dip
The workings have also been pushed southward with the intention of mak-
ing a connection with the Dome workings. Beyond the crest of the fold
to the eastward the contact has thus far proved comparatively barren, but
at the lower extremity of the Rock incline ore has been found which may
be the precursor of a second ore shoot.

In the Dome the rich ore has thus far been found near the mouth of
the incline, in very considerable thickness and with a remarkable develop-
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ment of masses of Chinese tale in the ore body, at some distance from the
contact. The incline has not yet reached a second ore shoot in depth,
though there is every probability that one will eventually be found there.

The ore in both these mines is mainly a hard carbonate, very rich in
lead, but of comparatively low grade in silver. It is very thoroughly oxi-
dized, and in some cases a red oxide of lead has been found in it. It
occurs in bodies sometimes of considerable thickness and always at or near
the contact. At the contact the alteration of porphyry into the so-called
Chinese talc is very persistent, and when found in the ore body, as in the
Dome mine, shows that offshoots of the porphyry had probably penetrated
the limestone previous to the replacement of the latter by vein material.

Sections E and G, Atlas Sheet XXV, which pass through the Rock
workings, show the fold in the limestone, which affords a good illustration
of the tendency of the ore currents to deposit their load immediately above
any sharp bend in the stratification.

La Plata, Stone,and A. Y.—The La Plata claim is opened by a tunnel
800 feet long, running south from near the bed of the gulch. Tts direction
was intended no doubt to correspond with the strike of the formation, but
in point of fact it diverges a little to the westward, so that while at the
mouth it is at the actual contact of the White Porphyry and Blue Limestone,
it departs from it more and more as it advances. At the extremity, however,
the contact bends sharply down to the south, so that a winze has been sunk
70 feet to reach it. It is noticeable that this bend is on aline with the east-
ward continuation of the California fault.

Below the mouth of the tunnel and in the body of the limestone is
found the Gray Porphyry sheet, which to the north and south is found
above the Blue Limestone and separating it from the White Porphyry. The
contact in this mine was not found very produetive. A small body of ore was
found east of the tunnel, near its mouth, and a prospecting drift running to
the Gneisson shaft, and continued some distance beyond it, found the usunal
evidence 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 below its surface, and are opened by the Rus-
tin shaft. These and the similar ones in the Silver Wave ground are inter-
esting as showing that the ore deposits are by no means confined to the
surface of the limestone, as was originally supposed. The bodies are irreg-
ular in shape, but have their greatest extent in a nearly vertical direction.
The slickensides found on their walls give evidence of some movement,
and they were evidently formed by ore currents percolating along cross-
joints or planes of fracture in the limestone, having a general north and
south direction. The ore is oxidized and does not differ essentially in char-
acter from that in the adjoining mines.

The Stone claim was ingeniously outlined to take in the curving out-
crop of the Blue Limestone as it crosses the gulch. The developments on it
are mainly on the north side of the gulch, and have as yet opened no con-
siderable ore bodies, though the evidences of replacement action are abun-
dant. Probably a search below the contact for bodies similar to those of the
La Plata might prove remunerative.

The shaft of the A. Y. mine, above the Stone claim, has developed an
extremely interesting occurrence of unoxidized ore, a mass of galena, pyrite,
and zine blende, which was the only one reached in the Leadville region,
though unfortunately not accessible, at time of visit. The ore is of low
grade in silver, and hence of little value in competition with the more easily
reducible oxidized ores.

Lime and Smuggler.— Directly opposite the Rock workings, and at a cor-
responding elevation on the north slope of California gulch, are the work-
ings of the Lime, Smuggler, and adjoining claims, which, though not very
extensive, are sufficient to give evidence of another zone where the lime-
stone has been largely replaced by vein material. The minor folds in the
limestone are here very sharp, the rock masses near the surface sometimes
broken, and the replacement has been somewhat irregular, so that the con-
tinuity of the ore bodies is not always evident. Here, as in the Dome
claim, a small thickness of White Porphyry separates the intrusive sheet of
Gray Porphyry from the contact, as shown in Sections E and F. From
the south incline of the Lime to the South Bull's Iye but little ore has
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yet been developed along the contact. On the extreme north end of the
Lime claim, an incline, not indicated on the map, was driven in on the
contact until cut off by a wall of Gray Porphyry, standing at an angle of
65° with a strike to the east and northeast. This would seem to be an off-
shoot from the intrusive sheet in the lower part of the Blue Limestone.
The form of this offshoot, shown in Section I, must be understood to be, in
the present state of developments, purely a matter of conjecture. That
ore bodies have not been found at the contact here is, however, not neces-
sarily a proof that they may not exist within the body of the limestone, as
will be seen from the description of the next group. Thin beds of shales
carrying Lingula are found at the contact in the Lime and Bull's Eye
claims, near the outcrop.

South Bull's Eye, and Silver Cord Combination—A considerable body of rich
carbonate ore was found along the contact and near the outerop at the
south end of the Bull's Eye claim, which has been developed by the
so-called South incline. It was extremely irregular in shape, extending in
places fifteen or twenty feet below the contact; its probable continuation
in the Silver Wave ground is apparently even thicker. As shown in Section
D, this body, like that already described in the Rock mine, occurs just above
and on the crest of a fold in the limestone, whose axis has a northeast direc-
tion parallel to that of the ore body. The ore was quite rich near the surface,
but became poorer in depth. To the south it passes into black iron (wad),
containing little or no silver. The incline, which runs diagonally across
the body and follows approximately the contact plane, has at first an incli-
nation of 12°, and after passing the crest of the fold steepens to an average
angle of 25°, and for short distances reaches 45° or more; the contact is
here barren, showing only iron-stained clay and a little Chinese tale. This
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 success-
fully in the other claims of the Iron Silver Mining Company, the outcrop
of the vein or of the upper surface 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 coutact bends backward, or up the hill, instead of following its normal
grade along the slope, so that for a considerable distance the line of outerop
passes east of the Bull's Eye line and within the ground of the adjoining Sil-
ver Wave claim. A most valuable piece of ground was thus lost by an acci-
dent, which only an actual stripping of the limestone outcrop over its entire
extent could have prevented. During the time this investigation was car-
ried on, owing to pending litigation, the Silver Wave claim, which has
since been consolidated with the claims adjoining it on the east, in what is
known as the Silver Cord Combination, was not open to publicinspection ;
nor could permission be granted to take copies of the maps of undergound
workings, as was in general freely accorded by the Leadville mine owners.
The workings and outlines of ore bodies in these claims, as given on the
map, are hence necessarily incomplete, being made up from data obtained
from outside surveyors and from notes gathered during a rather hasty per-
sonal inspection of the workings.

The mine is opened by two inclines from the surface in the northern
part, and by shallow shafts from which inclined drifts follow the ore chan-
nels in a very irregular manner, in other portions of the claim.! The main
or most northern incline runs at an angle of 15°, striking the contact at 10
feet from its mouth, and thereafter running in the body of the limestone at
an ever-increasing depth below the contact. It thus passes beneath a drift
run southward from the fifth level of the Iron mine, which follows a barren
contact. On the contact little good ore has been developed, but very rich
ore, and probably in very considerable quantity, said to have produced many
hundreds of thousands of dollars, has been obtained from bodies in the
mass of the limestone, and extending «in some cases to a depth of one hun-
dred feet below the contact. In those visited, the outlines of the body,
although irregular as in most ore bodies in limestone, have in general a
northeast direction and stand nearly vertical. At their upper limits can be
generally distinguished a distinet crack or jointing plane in the limestone,
extending up to the contact, as evidenced by the entrance of water through
it.  On the other hand, at the lower limits of these bodies no trace of any
opening could be found through which the ore solutions might have come

10n the map, by error in proof-reading, the parallel linings used to denote inclines have been
omitted in this mine.
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from below. In general outline the bodies seem pear-shaped, with the
taper toward the top. Similar bodies are found around the Silver Cord
shaft, also having a northeast trend, and, as the map shows, in a direct line
with those in the Silver Wave and Grand View claims. East of the Silver
Cord shaft a steeper dip in the formation comes in, which may be a contin-
uation of the fold already noticed in the South Bull's Eye. It seems, then,
that before the dynamic movement in this region there was a certain amount
of fracturing of the beds, not, however, accompanied by any considerable
displacement, and that along these planes of fracture the ore currents have
penetrated into the body of the limestone, the ore deposition or replacement
acting from their walls outward.

In the Silver Wave claim was also seen a freshly opened cave, one of
the few that are found in the Leadville mines, and which is of interest as
bearing on the generally-advanced theory that ore bodies in limestone are
necessarily deposits in pre-existing cavities. It was somewhat funnel-shaped
toward the top, about twenty-five feet in horizontal diameter, and contained
no ore. Its walls, which had the wavy surface common to water-worn lime-
stone, were covered with a thin coating of fine reddish ooze or slime. An
examination of the walls showed that these were in part of unaltered lime-
stone and in part of ore and vein material, which could not be distinguished
from each other until the coating had been removed. It was thus evident
that the cave was of comparatively recent formation, made by the percola-
tion of surface waters and carved out of limestone and ore body indiffer-
ently ; hence, that it is entirely posterior to the deposition of the ore, which
was formed before surface waters, as the term is generally understood,
could have reached to this depth. «

Iron mine proper.—The underground workings of the group of claims
which are exploited from the various shafts and inclines of the Iron mine
cover an area of about twenty-five acres, being the most considerable of any
single mine in the district. They have been driven a distance of over fif-
teen huadred feet along the contact eastward from the outcrop, or rather
from the fault line, since at the peculiar eastward bend of the fault plane
in the Iron and Iron Hat claims the limestone does not actually come to the
surface,
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The Iron Hill map shows the principal underground drifts in this area,
taken from the actual working maps of the mine, the level of different
points in these drifts being given by figures which denote their respective
elevations above the 10,000-foot curve. The outlines of the ore bodies are
given in generalized form, as deduced from the same maps and from personal
observations. As in the case of all the mine maps, both drifts and ore
bodies are indicated in projection, that is, as if the ground over them were
transparent, and in this respect they differ from and are independent of the
geological colors, which indicate the formations constituting the rock surface.

The mine is opened by three principal inclines, the North, Main, and
South, the last of which is no longer in use. The bulk of the ore is ex-
tracted through the middle or Main incline, which is carried down at an
angle of 12° to 13° in approximate conformity with the surface of the lime-
stone; it is provided with powerful hoisting engines and has a double track.
In Atlas Sheet XXIV a section is given through each of these inclines, desig-
nated A, B, C, respectively, the line of the last running partly through the
North ineline of the Bul¥’s Eye claim, which adjoins the line of the Iron claim.

In this area the contact has been and is productive over an unusually
large surface, the main ore body extending diagonally through the claims
in a northeast direction from the croppings, with an average width of 200
feet. This productive zone is separated from the zone of the adjoining
Silver Cord Combination by comparatively barren ground ; that is, barren as
far as present explorations have gone, although it is not absolutely certain
that ore may not still exist in the body of the limestone. The irregularity
with which the replacement action of the ore currents has acted upon the
limestone is well shown in the Main incline. Here, after the ore had been
extracted along the actual contact from the first to the fifth level and it was
supposed that pay ore in this area was quite exhausted, it was found in one
place to extend considerably below what was 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 station in the direction of the fault, disclosing a very
large body of vein material and rich ore, extending nearly to the fault plane,’

1 Later developments have shown that this ore body extends actually to the fault plane. Several
thousand tons of ore have been extracted from it through the new McKeon shaft, at about fifty feet
below the contact.
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and in places reaching a depth of 40 feet or more below the actual contact
of limestone and porphyry.

In Section C, which passes through the North incline of the Bull’s
Eye, and a little south of the South incline of the Iron mine, the tendency
of the rich ore to accumulate above a fold in the limestone, which has
already been noticed in the Rock and South Bull's Eye, is quite apparent,
the barren zone occurring on the steeper dip of the formation towards the
Silver Cord claim.

In the section through the Main incline the folds are less prominent,
but the same tendency always holds good, and it is one of the practical
generalizations made by those working in the mine that rich ore bodies
occur always in troughs of the limestone. The steeper dip of the forma-
tion beyond the accumulation of rich ore is quite evident. Just below the
seventh level a small body of Gray Porphyry crosses the Main incline diag-
onally in a direction a little north of east. Here the incline is some dis-
tance below the contact, and it could not be definitely determined whether
the porphyry extended up to the contact or not, though it has unintention-
ally been indicated as doing so in the section. To the westward, if it con-
tinues in that direction, it does not, as the contact has been explored on the
line of its continuation without finding it. It is cut in the eighth level a
short distance north of the Main incline, butin neither case is the limestone
mineralized to any extent at its contact.

On the line of the North incline the general dip of the formation has
become extremely shallow, as shown by the old drift, known as the Tuecson
incline, which followed the contact in all its curves and irregularities. This
shallowing of the dip is probably due to a general basining-up of the for-
mation to the northward, since on North Iron hill in the Adelaide and Argen-
tine ground it curves in strike to the eastward and assumes a southerly
dip. Thus at the Hynes shaft, which is on the same line of strike with the
Tucson shaft, the contact stands about fifty feet higher than at the latter.

In this portion of the mine a second series of less important ore bodies
occurs in a depression-in the limestone to the west of the main bonanza
and near the fault line. It has, like the latter, a general northeast trend.
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Whether it will lead to more important developments in that direction
explorations have not yet been sufficiently extensive to determine.

The main ore body on this line extends more or less continuously from
a little above the fifth level eastward to the bottom of the Tucson shaft,
being mainly concentrated between the fifth and eighth levels, where it
extended at times to a depth of 30 feet or more below the contact. A very
interesting feature of this remarkable ore body is the occurrence of a body
of Gray Porphyry, cutting up into the limestone and at one point reaching
the contact with the White Porphyry. It has no apparent connection with
the body already mentioned in the Main incline. At the time of examina-
tion it was so little explored that but little could be ascertained as to its
form or extent, and the representation given in Section A is almost entirely
ideal. It is there drawn as extending across the contact into the White
Porphyry, for the reason that Mr. Jacob found White Porphyry under it in
the old Tucson drift, where it runs above the North incline. Both north
and south of this line, however, it does not reach the contact, and ore and
vein material are continuous over it.  Later developments have shown that
the ore extends to a considerable depth into the limestone along its contact
and that its general direction is northwest and southeast.

It is probable that both these bodies of Gray Porphyry are irregular
offshoots from the main intrusive sheet at the base of the Blue Limestone
and differ from the ordinary dike. The fact that the one which crosses the
general direction of the ore bodies is accompanied by a concentration of
rich ore in its vieinity, while that which runs parallel with this direction is
not, is in accordance with the conditions found in connection with such
cross-cutting bodies of porphyry on Carbonate and Fryer Hills and with
the theory that they are favorable to the concentration of ore when so situ-
ated, in that they would produce a retardation in the flow of the ore solu-
tions and thus give them more time to deposit their load.

It was in one of the drifts running north from the North incline, at the
sixth level, that a mass some two feet in diameter was found, composed

mainly of native sulphur associated with a little carbonate of lead. As it
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was comparatively free from iron oxide, it seems evident that it must have
resulted from the reduction of galena, the lead having been removed in the
state of carbonate.

In the body of the limestone, on the eighth level not far from the North
incline, a natural jointing plane, forming one wall of the drift, was ob-
served to be coated with fine, silky, white crystals, which chemical exami-
nation proved to be calamine or silicate of zinc. If the sulphureted ores,
which will undoubtedly be found when the mine workings shall have
reached the limits of the zone of oxidation, are as rich in blende as those
which have been found in the A. Y. mine, it seems singular that little or
no zinc has hitherto’ been found associated with the oxidized ore. This
occurrence would seem to show that, owing probably to greater solubility,
the alteration products of blende have been removed during secondary
deposition to a greater distance from their original location than those of
the other sulphurets.

In the lower levels of the mine there has been a notable increase in
the proportion of unaltered galena in the ore, but as yet no pyrites or other
sulphurets have been found. - While specimens of galena are still 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 outerops, and the evidence afforded
by the records of assays, which were very systematically kept in this mine,
shows that there has been a gradual but comparatively steady decrease in
the average tenor of the ore in silver with the progress in depth. These
records further show, and their evidence was confirmed by numerous tests
made in the laboratory of the Survey, that no reliance can be placed on a
relation assumed by some to exist between the coarseness or fineness of
grain of a galena and its contents in silver.

Explorations to the eastward beyond the Tucson shaft and in the
lower part of the Main incline have been carried on along the contact line
thus far without very remunerative results. It would seem probable that
ore might be found in this direction in the body of the limestone, and
possibly in more or less direct connection with the cross-cutting sheet of
Gray Porphyry, from which those above mentioned are offshoots and
which may be assumed to be at a considerable depth below the contact ir

this eastern region.
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Relation of Iron fault to ore bodies.— In the area under consideration the plane
of the Iron fault has been cut in so many places as to render its tracing
practically continuous at its intersection with the contact.  Its continuation
has also been traced through the porphyry above the contact to the surface.
Winzes have been sunk just north of the Main incline to a depth of 100
feet on the fault fissure, and from the McDonald shatt 65 feet, as shown in
Sections A and B. Examinations of these workings, and descriptions of
them where they were no longer accessible, render it very evident that
the faulting has been posterior not only to the intrusion of the porphyry,
but also to the deposition of the ore.

It has been soberly maintained by some experts when testifying in
lawsuits that the faulting was previous to the eruption of the porphyry
and that the latter flowed down over the successive benches formed by the
faults, following their surfaces. A consideration of the general geological
structure of the region, where instances abound showing that porphyry
bodies and sedimentary beds were both folded and faulted together, should
be sufficient to show how untenable is such a theory; but a sufficient refu-
tation is found at this very point in the fact.that the fault plane can be
traced up to the surface through the overlying porphyry.

That the ore was originally deposited previous to the faulting is less
self-evident, since in places there is a certain amount of alteration of the
limestone adjoining the fault plane and since ore has been actually found in
the fault fissure, which often has a width of three feet or more and is filled
with a dark clayey mass, bearing a certain resemblance to vein material.
The alteration is only such as might have been expected from the ac-
tion of surface waters passing across the ends of the contact adjoining the
fault, and consists merely in a slight impregnation or replacement of the
limestone by oxides of iron and manganese. This action extends at most
only a few feet into the limestone and is confined to a region comparatively
near the surface. Had the original ore-bearing currents actually followed
the plane of the fault, ore deposition would have extended to a much greater
distance into the body of the limestone from the fault plane than from its
upper surface, inasmuch as far easier access to percolating waters would
have been afforded by the numerous bedding planes.
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As regards the question of ore found along the fault plane, it may
readily be conceived that in the dragging movement of the edges of two
immense bodies of rock, the one against the other, during the fault dis-
placement, a very considerable amount of the adjoining rock could be broken
off and carried along for some distance from its original position. The
greater part of this material would be clay from the porphyry, but with it
would be mixed a certain amount of limestone and ore. The circulation
of waters from the contact plane on either side, and therefore carrying more
or less mineral matter in solution, might occasion a secondary replacement
of this limestone by ore. It is even conceivable that in contact with the
inorganic matter, which must have been present, sulphates might have been
reduced to sulphides and galena have been deposited, but, unless the mineral
were found in the limestone outside of the attrition material of the fault
fissure, it would not be a proof that it was an original deposit before the
fault movement.!

'In the years that have elapsed since this was first prepared for the press, a new shaft has been
sunk 110 feet south of the Main incline for the purpose of exploring the fault plane. The data ob-
tained from this by personal observation and from information furnished by Mr. F. T. Freeland,
engineer of the mine, =nd who was present during all the explorations, fornish a remarkable con-
firmation of the above views. The shaft was sunk to a vertical depth of 306 feet, but at an angle of
500 ; drifts were run on the fault plane at four levels, that on the second level having a total length of
2,000 feet. In this level the sharp eastward bend of the fault plane has practically disappeared. On
the first level, which corresponds to the third level of the Main incline, a considerableamount of ore was
obtained from the lower ore body. Ore was also obtained at various depths on the fault fissure below.
this level. Inregard to this ore, the following facts were observed: First, the ore was always found
within the walls of the fault fissure ; secondly, it occurred in masses rounded as if by attrition, and evi-
dently foreign to the clayey filling of the fissure in which it was imbedded; thirdly, no ore was found
outside of two vertical planes drawn through the intersection of the boundaries of the main Iron mine
ore body with the fanlt plane. It isinteresting to compare the actual section obtained in this shaft
with that given in Section B, which was a theoretical deduction from data obtained at other points.
The angle of the fault was found in depth to average 50°, instead of 65°, as had been deduced from
observations near the surface.
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NORTH IRON HILL.

Atlas Sheet XX VI shows the topography, geology, and principal mine
developments of the northern end of Iron Hill, overlooking Stray Horse
gulch, and forms, as aforesaid, really a portion of the main map of Iron Hill.
In this region ore was first discovered on the Camp Bird claim in the
autumn of 1876. At present the principal mine workings belong to two
companies, the Argentine and the Adelaide, the former of which owns the
Camp Bird and Pine claims, and the latter the Terrible and Adelaide claims;
the latter overlaps those of the former company, a fact which has given
rise to much litigation.

General geological structure—As compared with Iron Hill proper, its geo-
logical structure is one of extreme complexity, and also difficult of exact
determination, for the reason that underground workings are few and
accessible in but a comparatively small portion of the area.

In the region west of the Iron fault the structure indicated on the map
is deduced from data obtained outside of its area, and to that extent is
theoretical. 'That the Blue Limestone basins up to the eastward as it ap-
proaches the fault is proved in the Devlin shaft, which reached it at a
depth of 200 feet, and in the Highland Mary and other shafts,in Stray
Horse gulch just north of the limits of the map, which found it still nearer
the surface. The outerop indicated in the northwest corner of the map is
a portion of the Blue Limestone, split off from the main body, corresponding
to that cut in the Agassiz and adjoining shafts, and forming the south end
of the Little Stray Horse Park synelinal basin, as explained in Part I,
Chapter V.

East of the Iron fault the formations rise slightly to the northward, so
that their strike assumes a more easterly and westerly direction and dips to
the south and east. By the erosion of Stray Horse gulch, on the lower
part of the steep northern slope of Iron Hill, a succession of Paleozoic for-
mations down to the Lower Quartzite are exposed, while by the movement
of the Adelaide fault, which crosses the northeast corner of the area mapped,

a still lower series of beds is exposed beyond it.
MON XII—26
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The most striking peculiarity of the structure is the cutting across of
the Blue Limestone formation by the White Porphyry, this region being
on the line already mentioned as extending from Fryer Hill to West
Sheridan, where this cutting down of the White Porphyry sheet occurs.
Its effect is graphically shown on Atlas Sheet XXVII, Section B. It will
be observed that whereas at the south end of the section the White Por-
phyry ocecurs, as it generally does, above and parallel with the Blue Lime-
stone, at the northern end, where exposed by the workings of the Argentine
mine, it crosses the basset edges of the Blue Limestone, and at the outcrop
it probably comes in contact with the underlying Parting Quartzite. As
the remainder of the Blue Limestone, above the cross-cutting of the White
Porphyry, has been removed by erosion, it is not possible to determine
whether it was mineral-bearing or not.  As far as determined by the present
warkings the deposition of the richer ore has gone on, not as is ordinarily
the case at the contact of the White Porphyry with the Blue Limestone,
but at its contact with the Parting Quartzite.

“Tron fault.—]In this area the Iron fault is struck in the Iron Hat shaft,
and on the Codfish Balls claim by a shaft and tunnel. Beyond this claim
to the northward its location is only approximate, though beyond the limits
of the map it is determined very closely by adjoining shafts on either side.
Its movement is the same as it was at the south, namely, an upthrow on
the east, but the amount of that throw is constantly decreasing as one
goes north.

Adelaide fault.—The location of this fault is also approximate, owing to
the infrequency of shafts in its neighborhood, and also to the fact that it
often has porphyry on either side. Its movement is a slight upthrow on
the northeast. Its location is determined by the discrepancy of the forma-
tions disclosed by the Laura Lynn, Park, and adjoining shafts in Adelaide
Park, and by the Double Decker group of shafts opposite the Argentine
tunnel, on the one side, and by the workings of the Adelaide and Argentine
mines on the other.

Rock formations.—The sedimentary formations disclosed in this area are
the same succession of Paleozoic beds, from the Lower Quartzite up to the
Blue Limestone, that outerop on the southern end of Iron Hill. The por-
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phyry masses are, however, much more varied and numerous. It may be
safely assumed that they are mostly intrusive sheets, but the underground
workings are not yet sufficiently extensive to determine whether they may
all be considered so or not. As has already been noticed in the general
description, Part I, Chapter V, there is reason to suppose that one body of
Gray Porphyry, extending from Adelaide Park up the south slope of Yankee
Hill, has cut up across the formations from below.

The different bodies of porphyry that have been thus far disclosed in
this portion of the hill may be enumerated as follows, commencing with
those which stand the highest in geological horizon: (1) The main body
of White Porphyry overlying the Blue Limestone; (2) a second sheet, cut-
ting across the basset edges of the limestone and connected with No. 1; (3)
a small body of Gray Porphyry between No. 2 and the Parting Quartzite;
(4) a thin sheet of White Porphyry, splitting the Parting Quartzite into two
parts; (5) a heavy body of Gray Porphyry, with two smaller sheets, prob-
ably offshoots, above and below it, respectively, all three in the White
Limestone; (6) a lower sheet of White Porphyry, also in the White Lime-
stone. The distribution of these bodies and their probable extent can be
best seen by reference to Atlas sheet XXVIL

Section A, drawn at an oblique angle to the strike, passes first through
the Argentine ground and then through the Adelaide, showing the dis-
tribution of the ore bodies in the latter. At its southeastern extremity only
White Porphyry is given as cut by it, as it is supposed to be in the strike
of the cross-cutting body of this rock. In the entire want of any actual
data this theoretical representation may not be absolutely correct. The

. Blue Limestone is split into two wedge-shaped and probably overlapping
bodies. The upper or northeast portion has been eroded off in the Adelaide
and Argentine ground. Whether it has also been removed here, as repre-
sented in the section, or whether a portion should be shown in the White
Porphyry, can only be determined by actual developments. The lower
wedge-shaped portion of the Blue Limestone, extending to the south and
west in normal contact with the Parting Quartzite, is supposed to come in
a short distance southwest of this line, as shown in Section C, whose eastern
end is nearly in the plane of Section A.
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Section B, drawn approximately through the line of the Argentine
tunnel and at right angle to the line of strike, gives the best representation
of the geological structure, the lines baving been determined by careful
measurement. Section C, on the other hand, is rather a theoretical repre-
sentation of what may probably be found on this line, reasoning from what
is observed on either side of it, there being no underground explorations on
its plane.

Ore deposits.— Deposition of ore in this region has been extremely irreg-
ular, as might have been expected from the complicated nature of the
different intrusive bodies which have traversed the sedimentary formations.
The main body of rich ore thus far discovered has been, as already men-
tioned, at the contact of White Porphyry and Parting Quartzite. This is
found mainly in the Camp Bird and Pine claims, coming actually to the
surface as an outcrop. It is not improbable that this and the small bodies
found in the Adelaide mine are the replacement of isolated portions of the
Blue Limestone, detached from the main body by the intruding porphyry.
There is evidence also of considerable replacement action all along the
contact of the White Porphyry with the Blue Limestone, both on the basset
edges and on the upper surface of the latter.

In the Adelaide mine, as shown by the developments of the Ward
and Adelaide shafts, the ore occurrence is extremely irregular. Lenticular
bodies or pockets of sand carbonate are found between the White and
Gray Porphyry and at the contact of the latter with the Parting Quanrtzite.
Moreover, at the bottom of the Ward shaft a considerable body of vein
material is said to have been opened in the lower Gray Porphyry, from
which some silicates of copper were obtained. At the time of visit these
workings were abandoned and could not be examined. The ore in general
is carbonate of lead, with the usual gangue of iron oxide, but here rather
silicious, as might be expected from the country rock. Thegnasses of sand
carbonate found in the Adelaide mine are remarkably pulgx and have the
appearance at a little distance of a white quartz sand. They contain, how-
ever, 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 slight admixture of pyromorphite or chloro-phos-
phate of lead. £
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MINE WORKINGS,

The underground workings of this portion of Iron Hill are almost
exclusively confined to the Argentine and Adelaide mines.

Argentine—The Argentine mine is opened by the Camp Bird and Argen-
tine tunnels and the Loker and Hynes shafts. The old workings on the
Camp Bird claim are now mostly abandoned. The ore was found quite
near the surface, resting on the Parting Quartzite, which is here 30 feet
thick and contains no White Porphyry, as it does in the Argentine. This
contact does not seem to have been followed in depth. Indeed, the geo-
logical relations of the ore bodies were so little understood in early times
that no systematic exploration could be carried on.

In the Pine claim the main ore body was also found near the surface
and above the level of the Argentine tunnel. It was afterwards traced down
along the dip southward to a level 80 feet below the Argentine tunnel,
then southeastward into the Adelaide claim, following nearly the line of the
strike, but rising a little—that is, diverging to the eastward.

Argentine tunnel. —(Ore is extracted through the Argentine tunnel, the
Loker shaft being used simply for ventilation purposes This tunnel is
over twelve hundred feet long, running first a little east of south and then
bending to the west of south. It crosses the Adelaide claim, on agreement
with that company, in order to explore the ground beyond. "The geological
structure, as exposed by this tunnel, was for a long time a complete puzzle
to those who were working the mine, owing to the difficulty of distinguishing
the different rocks from one other when bleached and altered. Even now
a chiemical test is often necessary. After passing through surface Wash the:
tunnel crosses the upper part of a body of White Porphyry into White
Limestone. About seventy-five feet from the mouth a small gash vein in
the porphyry, carrying galena, is said to have been found, upon which a
winze was sunk. In the White Limestone a narrow sheet of bluish-gray
porphyry is found before the tunnel enters the main body of Gray Por-
phyry, which at the contact is quite bleached by decomposition. Sowme
iron-stained vein material is also found on the contact. Beyond, the tunnel
again passes through White Limestone for 150 feet, another small sheet of
porphyry being cut about midway in this distance. Parting Quartzite and
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White Porphyry are then crossed, these being likewise very difficult to
distinguish from each other underground. At the Blue Limestone contact,
which occurs at the bottom of the Loker shaft, no ore is found on the tunnel
level. A drift runs off to the eastward about one hundred and twenty-five
feet from the Loker shaft, through which the ore stopes both above and
below are reached. From the Loker shaft the tunnel runs for about five
hundred feet in the Blue Limestone, which has an average dip of 15° to 20°
to the southeast. Wherever raises have been made to the porphyry above,
barren vein material has been found. This also reaches the tunnel level at
times, following bedding or joint planes in the limestone. In one case 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 limestone and porphyry is crossed. The limestone
is here of lighter color, seamed with white calcite, and somewhat brecciated.

At the bottom of the Hynes shaft, with which the tunnel is intended
to connect, drifts have been run upon the contact, disclosing some vein
material. The 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, as in the Bull's Eye
and Lime claims.

While the pay ore in this mine has been found at the contact, not of the
Blue Limestone, but of the Parting Quartzite, it does not, so far as known,
extend between these two formations. This would readily be accounted for
on the theory that these 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.—T'he ore bodies in the Adelaide mine are much more discon-
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
geological 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 seems to be somewhat irregular in form and of limited
extent. The ore occurs both above this body, between it and the White
Porphyry, and below it, or at its contact with the Parting Quartzite. A
fragment of unreplaced Blue Limestone is also found resting on the Part-
ing Quartzite and separating it from the overlying White Porphyry. This
would seem to indicate the possibility that many, if not all, of the ore
bodies are the replacement of similar fragments of limestone left by the
irregular cutting of the porphyry.

The so-called Adelaide Discovery is a tunnel about fifty feet east of the
smelter, adjoining Stray Horse gulch Here was an outcrop of three or
four feet of hard carbonate ore, dipping 15° to 20° to the southeast and
resting on Parting Quartzite. The tunnel, which starts in a little above the
outcrop, ran into Blue Limestone, and a winze from its end is said to have
struck the quartzite below. .

The most important developments in the mine have been made in the
Ward shaft This was sunk first through 170 feet of White Porphyry,
which was much decomposed and for & considerable distance stained a
brilliant red, apparently by anhydrous oxide of iron. At this depth was
a layer of carbonate of lead, below which were 20 feet of decomposed
Gray Porphyry and a second layer of ore resting on coarse-grained Part-
ing Quartzite 15 feet in thickness. Below the quartzite was 20 feet of
White Porphyry, and again five to six feet of quartzite, representing the
balance of the Parting Quartzite formation. Below the quartzite the shaft
passed through 75 feet of a very hard, jaspery material, consisting mostly
of silica, with only about 5 per cent. of oxide of iron, which is a replacement
of the White Limestone. When this material was freshly taken out it con-
tained in seams and cavities a reddish gelatinous substance that resembled
gelatinous silica in the process of deposition, which would indicate that the
replacement of limestone and deposition of silicious matter are still going
on. Below this the Gray Porphyry, very much decomposed, was penetrated
to a depth of 57 feet. Almost all the decomposed iron-stained material
taken from the shaft would assay one to five ounces of silver to the ton.
At a depth of 330 feet from the surface the porphyry was impregnated for
some eight feet with silicate and carbonate of copper; some red ox‘de and
a little native copper were also found. The ore pockets found occurring
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above the Gray Porphyry consisted of remarkably pure white sand car-
bonate, free from admixture of clay and showing no galena. A complete
analysis of a specimen taken from this horizon may be found in Appendix
B. Those below the Gray Porphyry, whose connection with the ore body
in the Argentine mine was afterwards traced, consisted of carbonate of lead,
with iron-stained vein material, and in some cases, where the ore extended
down into the quartzite, of unaltered galena.

The Adelaide No. 2 shaft found no ore at the contact of the White and
Gray Porphyries. It was sunk through 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 shaft was sunk through Gray Porphyry, Parting
Quartzite, White Porphyry, and Parting Quartzite again, into the White
Limestone. No ore was found at the contact, and the White Limestone
was not replaced, as in the Ward shaft, but was a crystalline rock with some
decomposed iron-stained material at its upper surface, and with layers or
lenticular bodies of white chalcedony throughout its mass, which are char-
acteristic of this horizon.

The ore occurrence in these mines is distinguished from that of the
majority of mines in this district by a total absence of manganese, a small
amount of iron oxide, a relatively low tenor in silver, and a more frequent
occurrence of gold, some of the fragments which occur in the quartzite being
comparatively rich in this metal. The occurrence of copper ore in the
Gray Porphyry is also exceptional, the nearest analogy being the body in
the Little Johnnie and Unecle Sam, on Breece Hill, ove:looking South Evans
gulch.

Double Decker.—On the north side of Stray Horse gulch, opposite the
Argentine, are the two shafts 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
Quartzite forms the rock surface. Both shafts have been sunk in this forma-
tion, and one of them has passed through it into the underlying crystalline
rocks of the Archean. Neither was being worked at the time of examina-
tion, consequently no detailed information could be obtained, nor were any
data as to amount or value of ore extracted available.



CHAPTER III

CARBONATE HILL GROUP.

GENERAL STRUCTURE.

The geological structure of Carbonate Hill' is very similar to that
of Iron Hill in that it is formed by a series of easterly-dipping beds broken
on the west by a line of faulting or displacement. Outcrops are also exposed
on its southern face by the erosion of California gulch, but in a less com-
plete series, owing to its being shallower and proportionately wider, in con-
sequence of which the bounding slopes are less steep and more thickly cov-
ered by surface débris. The fault is nearly parallel to that of Iron Hill,
and, like it, merges into the axis of an anticlinal fold on the north. In the
southern half of the hill, however, the movement of displacement is dis-
tributed in part to a second nearly parallel fault a short distance to the
west.  Of the southern continuation of these faults less satisfactory data are
available, but they are supposed to merge together before crossing Califor-
nia guleh, and probably pass into an anticlinal fold under the Lake beds to
the southwest, like the Dome fault, the normal continuation of the Iron
fault. As on Iron Hill, there is also evidence of a basining-up of the beds
of the relatively down-thrown mass on the west as they approach the fault;
in other words, of a synclinal structure. Upon this evidence, which will be
given later in full, depends the solution of the important question whether
ore bodies exist under the present site of Leadville or not.

Rock formations.— The series of beds of which the hill is composed is essen-
tially the same as that given in the Iron Hill section, but the distribution of
the later intrusions of Gla} or Mottled Por pll}l} dnﬂ“elb some\\hat in dehul

! See Athq Sheets XXVIII, \\I\ m(l \\\
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Where these cross the beds, either as dikes or sheets, there is a noticeable
enrichment of the ore bodies. One main sheet of Gray Porphyry is found
at or near the base of the Blue Limestone, which apparently cuts up to a
higher horizon in different portions of the hill. A second sheet is found in
White Limestone in California gulch, as shown on the map; but as none
of the underground workings has penetrated as yet to this depth, there is
no evidence to show whether this is a distinet sheet or merely an offshoot
from the main body.

Carbonate fault.— The movement of displacement by faults on Carbonate
Hill is considerably less than on Iron Hill, though its total amount cannot
be definitely determined. As in the case of the former, the movement
decreases to the north and the fault gradually passes into an anticlinal fold.
In the southern portion of the area represented on the map this movement
is distributed between two faults, the Carbonate and the Pendery. The
Carbonate fault here runs nearly on the dividing line between the Car-
bonate and Atna claims, cutting across the extreme southwestern corner
of the former and the northeastern corner of the latter. It is proved in the
No. 5 shaft of the Atna claim, and in the Meyer shaft, which has been sunk
following its plane till the contact on the west side was reached. As here
shown, it stands with an inclination of about 60° west, shallowing somewhat
in depth and having a movement of displacement of only about two hun-
dred and fifty feet. The hanging wall has smooth and clearly defined slick-
ensides surfaces, while the limestone in the foot wall is somewhat altered.
The plane of the fault is occupied by selvage material, which is slightly im-
pregnated with chloride of silver and contains occasional 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 discrepancies of level
between adjoining underground workings. There is some reason to assume
that to the northward, in the Waterloo claim, the movement of the fault
has become nil, or is even reversed, that is, that there is a slight down-
throw to the east, as shown in the Henriett-Waterloo section, Atlas Sheet
XXIX.
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Pendery fault— A short distance west of the Glass shaft, a second fault,
apparently nearly parallel and having the same angle of inclination with
the Carbonate fault, cuts off the limestone, no explorations west of this
line having reached below the White Porphyry. Its probable continuation
has been traced southward to a connection with the Carbonate fault, and
northward through the Washburne and St. Mary workings, where it appears
to be accompanied by minor faults and folds, into a probable anticlinal fold
running north through the Niles-Augusta, and then northwestward, opposite
the Half Way House claim.

Morning Star fault. —In the workings of the Morning Star mine a small
fault is found (shown in Section C, Atlas Sheet XXIX), in which the down-
throw is to the east. It is probably only local in character and corresponds
to the sharp bend in the beds observed in the Evening Star and Catalpa.
It was only observed at one point, and is not therefore indicated on the
surface maps, as its direction would be purely hypothetical.

Ore deposits.— The materials composing the ore deposits of Carbonate
Hill are essentially the same as those of Iron Hill; they may perhaps be
said to be poorer in bases of iron and manganese and proportiorately richer
in silica; therefore less favorable for the smelter; but this characteristic is
rather one to be confined to individual mines or parts of a mine than applied
in a general way. Silica occurs less frequently as chert and more com-
monly as a very finely granular and somewhat porous quartz rock than on
either Iron or Fryer Hill. The ore is either galena or its secondary prod-
ducts, carbonate of lead and chloride of silver. In one. instance native
silver has been found. Dechenite, or the vanadate of lead, has been detected
in ore from the Evening Star and Morning Star mines by Dr. M. W. Iles.’

Exceptionally good opportunites are offered for observing the action
of replacement and the gradual passage from dolomite into the earthy
oxides of iron and manganese. The workings not yet having reached the
great distance from the surface that they have on Iron Hill, no such definite
evidence is found of decrease in the action of surface waters producing
oxidation and chlorination of the original deposits. The limit of the zone
of oxidation would, moreover, be expected to be farther from the surface on

account of its lower altitude.

! American Journal of Science, May, 1382,



412 GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

Southwest slope of Carbonate Hill.—T'he detailed map of Carbonate Hill (Atlas
Sheet XX VIIT), while including the principal mines, covers only the northern
portion of the western slopes. For the geology of the southern portion,
in which as yet no ore bodies of importance have been developed, refer-
ence must be had to the general map of Leadville (Atlas Sheet XIV), on
which the limits of the detailed map are indicated. South of these limits
the Prospect incline, the Rosebud and Deadbroke tunnels, on the north
side, and the Jordan and Swamp Angel tunnels, on the south side of Cali-
fornia guleh, follow the upper surface of the Blue Limestone. While this
surface shows evidence of mineralization in the characteristic iron-stained
material generally found at the contact and in the frequent occurrence of
the so-called Chinese tale, supposed to be the product of the alteration of
the porphyry by mineral solutions, it has thus far been found comparatively
barren of rich ore bodies. In the Prospect incline, about three hundred and
seventy-five feet from the mouth, the surface of the limestone, which had
hitherto been wavy, as it is generally found, suddenly drops down almost per-
pendicularly for 125 feet; 60 feet farther on in the line of the incline, how-
ever, the limestone is found fol'owing its normal dip to the eastward. This
is apparently a very sharp fold in the limestone, accompanied by a certain
amount of faulting. It is approximately on the line with the sharp fold
which will be described hereafter as running through the Carbonate and
Yankee Doodle mines, but the accumulation of rich ore, which in these
mines is found above the fold, is here wanting.

The only actual rock exposure in this region is that of the White
Limestone in the quarry on the north side of California gulch. From a
prospect hole sunk by placer miners in the bed of California gulch, above
the flume, casts 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 guleh to the Logan and Broadway shafts, on the south side. This is
evidently the same sheet which to the north occurs near or at the base of
the Blue Limestone and in the Henriett and Waterloo claims cuts up across
it into the White Porphyry. The lower sheet of porphyry occurs in the
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White Limestone and is best exposed in the bed of California guleh. It
does not seem to extend far up on Carbonate Hill, as it was not struck in
the O’'Donovan Rossa shaft. Parting Quartzite, which forms the upper part
of the Silurian limestone, is here very coarse-grained. '

The evidence for determining the line of the Carbonate fault in this
region is not very plentiful. A shaft and drill-hole have been sunk on the
northern bank of California gulch, south of the Harrison smelter, to a depth
of 200 feet in White Porphyry, and are thus evidently to the west of the
fault. The Blind Tom shaft, on the road south of the California tunnel,
which was sunk 130 feet in White Porphyry, is also west of the fault;
while another shaft, 50 feet south of this, was sunk in Silurian limestone, and
is hence east of the fault. The California tunnel (T-48) has been run into
the hill about seven hundred feet in a direction E. 15° 8., or magnetic east.
The first 585 feet itisin White Porphyry, from which it passes suddenly into
the Blue Limestone, across a clay selvage. This is supposed to be the line
of the Pendery fault, although the average dip is only 30° to the westward,
and it might possibly be supposed to be a folding of the limestone down-
ward in that direction. Unfortunately, the bedding planes are not suffi-
ciently distinet at this point to determine the question of a westerly dip.
There seems to be little doubt, from the extensive slickenside surfaces, that,
even if there be a westerly dip, there has also been considerable faulting
movement. The tunnel runs for the rest of its extent in Blue Limestone, in
which, toward the end, the bedding becomes quite distinct and the dip
assumes the normal angle of 20° to the eastward. It is evident from its
lower position relatively to the outcrops of the Blue Limestone on the hill
above that this is a continuation to the south of the portion of that body in
the Ztna claim which is west of the Carbonate fault and between it and
the Pendery fault. The line of the Carbonate fault has therefore been
drawn on the map according to this indication. It was observed that the
timbers supporting the roof of the tunnel from its mouth to the limestone
(which, owing to the soft and yielding character of the porphyry through
which it runs, were placed exceptionally close together) had a slight and
uniform inclination of 5° from the perpendicular to the west. It is not to
be supposed that they were originally placed in this position, and the infer-
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ence is therefore justifiable that the whole mass of rock above the tunnel
has had a slight movement to the westward since the tunnel was run.

The underground workings of Carbonate Hill may, for convenience of
description, be divided into two groups:

1. A southern, including the Carbonate, Little Giant, and Yankee
Doodle claims, to the east-of the main fault, and the ZAtna, Glass-Pendery,
and other claims, below or to the west of it.

2. A northern group, including the Crescent, Catalpa, Evening Star,
Morning Star, Waterloo, Henriett, and adjoining claims.

SOUTHERN GROUP OF MINES.

The description of Carbonate, like that of Iron Hill, will commence
with the southern end, reversing the order in which the sections are lettered,
because the claims at this end were first opened and because the geolog-
ical structure is more clearly and easily shown in their workings. In the
Carbonate, Shamrock, Little Giant, and Yankee Doodle claims, east of the
fault, the principal developments have been made on what is practically
one ore body, running in a northeasterly direction from its outcrop on the
Carbonate claim. A noticeable feature of the structure is that this ore
body is bounded on the southeast by a prominent fold in the limestone,
which bends down very sharply east and, rising again, forms a narrow
trough. This is clearly shown in the Carbonate incline, Section I, Atlas
Sheet XXX. The region to the southeast of this fold has thus far proved
barren of rich ore, although explorations have hardly been carried out to a
sufficient depth to warrant the conclusion that another bonanza may not
exist in that direction. In the Yankee Doodle and Little Giant claims the
ore body is narrow, but widens out as it approaches the surface in the Car-
bonate ground, with intermediate barren streaks which approximately cor-
respond to minor folds more or less 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 Car-
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 waves in the limestone itself Careful examination in
such cases discloses 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, sometimes sixty
or seventy feet, into the body of the limestone, from which it is separated
by a transition zone, barren in general of pay mineral and consisting of
limestone more or less impregnated with oxides of iron and manganese.
The first ore discoveries on Carbonate Hill were made on the ground
of the present Carbonate claim in the vicinity of the Old incline. The
claim forms part of the property belonging to the Leadville Consolidated
Mining Company, which owns as well the adjoining claims of the Shamrock
and West Shamrock, and also, by a recent consolidation, the Little Giant.
For purposes of description the adjoining claim of the Yankee Doodle will
be considered as forming part of this group, as the workings of this mine
are connected with the others and the ore bodies in all these different
claims are practically continuous. They are situated on the western slope
of Carbonate Hill, midway between its steeper southwestern and more
gentle northwestern inclinations. In the southern portion of the Carbonate
claim, as will be seen by reference to the map, by the divergence of the
line of fault from the line of contact of the upper surface of the limestone
and porphyry, a zone of limestone, widening to the southward, is exposed
beneath the slide. The actual position of the main fault line has not been
traced beyond the No. 5 shaft of the Atna mine. Its exact position to the
south of this point is therefore somewhat hypothetical, the general direction
being given by the developments of prospect shafts on the south slope of
the hill, beyond the limits of the map. The actual outerop of the ore body
along the southern line of the Carbonate claim is also somewhat difficult to
define, there being here one of the slight flexures in the limestone, of which
mention has already been made, whose axis is at an angle with the fault
line, crossing it somewhere in the neighborhood of the new (Meyer) shaft
of the Etna and from that point diverging to the southward. In the
workings of the Atna mine, which were parallel with and contiguous to
the side line of the Carbonate, the ore body is said to have been practically
horizontal on an east-and-west line for a short distance, and even to have
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had a slight inclination to the westward as it approached the fault. These
workings, being now abandoned and partially filled up, could not be
explored. Similar conditions are said to have been observed in the develop-
ment of shaft No. 12, near the Carbonate line, while in the Carbonate
ground itself, at the Combination incline, the outcrop of easterly-dipping
beds comes practically to the surface at the mouth of the incline, and a drift,
now closed up, running westward from the mouth of the incline, is said
to have followed the ore body down on a westerly dip. The conditions of
this outerop have been thus fully described because it has been the cause
of a long and expensive lawsuit between the Aitna and Carbonate mines.
The owners of the ZAtna claimed that they had the outerop of the vein, or,
in legal terms, ‘“the apex,” within their side lines. The owners of the Car-
bonate, on the other hand, maintained that theirs was the legal outerop,
inasmuch as the ore was found at a higher level within their side lines, and
that they therefore possessed ‘“‘the apex” of the vein, which is legally
defined as that portion which is nearest the surface. The rulings of the
judge were first favorable to the construction of the Carbonate, but were
afterwards reversed when it was proved by actual measurement that ore
was found within the Ztna claim one inch higher than at a corresponding
point within the Carbonate.

Carbonate workings.— T'he southernmost workings on the Carbonate prop-
erty consist, first, of the West Shamrock incline, which lies outside the
limits of the map, commencing at a point near the southeast corner of the
Carbonate claim, 240 feet south of the side line of the map, and running
parallel with that side line 160 feet, inclining into the hill at an angle of
18°.  This incline has developed no considerable amount of ore and is
interesting only as showing the character of the formations along the
contact line at this point. The mouth of the incline is opened in a pulver-
ulent, blue limestone, with a floor of chert covered by a thin seam of
iron-stained clay. The actual contact of the limestone with porphyry is
probably above the line of the incline, which follows down on the chert
floor for some distance, when it passes into solid blue limestone, more or
less decomposed, or in which no bedding planes can be distinguished.
Small seams, from one foot to two feet in thickness, of decomposed por-
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phyry or clay material are found traversing the limestone, and half-inch
seams of iron-stained clay on the cleavage planes. A shaft has been sunk
on the hill above, which would connect it with the end of the incline,
had both been continued a short distance farther. As an exploration for
ore, therefore, the work done here is imperfect, inasmuch as, although no
pay ore has been discovered, it does not definitely prove that it does not
exist in the neighborhood. The occurrence of these bodies of black chert,
which are rarely found on the northern portion of the hill, are not uncom-
mon along the southern slopes. While by the miners in many parts of the
district they are considered good indications of ore, this empirical test is
by no means infallible, although an evidence of passage of silicious waters.
One hundred and fifty feet below and west of the mouth of West Shamrock
incline a perpendicular shaft (‘T—35) has been sunk to a very considerable
depth on the Irish Giant claim, through Gray Porphyry into Blue and then
into White Limestone, without developing any important ore bodies, though
an impregnation of the limestone along the lower surface of the porphyry
might not unreasonably be expected.

The next opening to the north is the Combination incline, just north ot
the mine offices. This incline has an average angle of 21°, flattening out a
little in the upper ten feet. The limestone comes practically to the surface
at the mouth of the incline, being covered with about nine feet of broken
material or slide. The workings of the incline were abandoned at the time
of visit, and apparently no considerable amount of ore had been extracted
from them. Down to the first level, the section afforded by the incline
itself, which cuts the contact between the limestone and the porphyry, shows
a wavy outline of the latter. In the first drift north, the porphyry is con-
siderably iron-stained and decomposed above the limestone, immediately
adjoining which is the usual parting of Chinese tale. At 24 feet from the
incline are old stopes, now filled up, in which the formatioa dips down-
ward to the north. The first drift south cuts through the crest of short
waves in the limestone and a body of iron from six to eight feet in thickness,
while in the face the porphyry goes down with a steep dip to the east and
south. Of the south drift, on the second level, the first 20 feet are in lime-
stone, more or less replaced by iron oxide, which is succeeded by porphyry.

MON XII—27 3
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The north drift, on the second level, follows in its curves approximately
the line of contact between limestone and porphyry, bending back to the
westward nearly under the end of the drift on the first level, showing that
a limestone ridge crosses the incline in a diagonal or southeast direction
between the first and second levels. Below the second level the incline
follows along the edge of the northern side of this limestone ridge for 25
feet, the north face of the incline being partially in limestone and clayey
contact material, dipping sharply to the north, and the south face in solid
limestone. Beyond, the limestone dips down to the east, and the rest of the
incline is in porphyry, which is more or less iron-stained. At the end of the
incline is a winze sunk 40 feet to the surface of the limestone, showing a
rapid descent of the limestone to the northeast of the ridge, which has just
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
northeast. The drift running westward from the mouth of the Combination
incline, which is said to have tollowed the contact on its slope to the west-
ward, was not accessible at time of visit.

The Carbonate Old incline runs in 170 feet at an angle of 19° and pre-
sumably follows the contact, but it is now closed. Solid limestone is found
eight feet from its mouth, covered by iron-stained vein material and broken
porphyry. Between this and the mouth of the Main incline, under where
the boarding-house now stands, was the ore body from which ore was first
taken on this ground. The drifts are now filled up and abandoned, but it
is evident that the body was of considerable size and very near the surface,
lying in an approximately horizontal position, that is, near the crest of the
fold already mentioned.

Carbonate incline—The principal workings of the Carbonate mine are
opened by the Main or Carbonate incline, which descends into the hill fora
distance 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 district which have been
driven straight, instead of following the irregularities of the limestone sur-
face, the only true system for an incline from which it is expected to extract
any considerable 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 dip is tolerably constant.
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The section afforded by this incline is extreri]ely interesting, as showing
the irregularities of the limestone surface caused by undulations or slight
flexures in the formation, and these are best seen in the graphic illustration
afforded on Atlas Sheet XXX, Section I, which has been very carefully
constructed from actual measurement. It will be seen by reference to this
section that the original surface of the limestone presents a general wavy
outline with one prominent fold, which, contrary to the general rule preva-
lent in the major flexures in the region, has its steeper side to the east.
The deciphering and reconstruction of the original folds in the formation is
a matter of some little delicacy, since the ore currents have eaten irregu-
larly into the mass of the limestone, and the porphyry itself is also some-
what altered and mineralized. It is evident, however, that the dividing line
between ore and limestone is one which must be entirely rejected for this
purpose. The parting between ore and porphyry, on the other hand, in
spite of occasional incursions of ore material into the mass of the porphyry,
is practically much more definite, and is that which has been used in deter-
mining the points in the original surface of contact. One prominent fact to
be observed in this section, and one which seems capable of a certain
amount of generalization, is that the main rich ore body is found adjoining
the crest of the prominent wave or fold in the limestone. It would seem
that along the line of this sharp fold, which may very possibly have been
accompanied by a slight displacement, there was an interruption in the ore
currents, as is further evidenced by the fact that beyond the fold on the
~east side for a very considerable distance, indeed, to the extent of the

present developments, there has been no considerable deposition of pay ore,
the mineralized zone consisting of a most irregular replacement of the lime-
stone by what is known to the miners as black iron, a mixture of oxide of
manganese with clayey material, which passes by almost imperceptible
transition into coarsely-crystalline black limestone. In this lower part of
the incline is one of the most striking evidences of the fact that the ore
deposit is an actnal replacement of a limestone in place, the walls of the
incline showing the clayey, ferro-manganiferous material penetrating irreg-
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 mass for a distance of many feet. The line between the unaltered
and replaced limestone has been accurately followed foot by foot, and a
portion of the north wall of the incline is represented on a larger scale in
Plate XXTII, Fig. 3.

As well as can be seen through the timbers of the incline, its upper
portion is practically in the porphyry and the limestone does not actually
outcrop. Very probably this is the crest of a slight roll, and it is prac-
tically level at this point or may possibly have a very slight western inclina-
tion. The first limestone actually seen in place is about sixty feet from
the surface, just above a drift which crosses under the floor of the incline.
It is evident, however, that the limestone rises somewhat to the south, since
it is said to have been found at six feet from the surface under the boarding-
house. From this point downwards to the second level the incline is run
practically in contact material or in decomposed iron-stained porphyry.

In the second level south, about fifty feet from the incline, a limestone
floor is found rising rapidly to the eastward.

In the third level ore was found below the level of the incline, evi-
dently in a depression of the contact line, but the workings are now closed.

The fourth level south, which is still open, runs at first in porphyry, a
cross-cut to the left or eastward cutting the underlying limestone at a dis-
tance of 16 feet. This marks the point where the limestone rises towards
the crest of the fold, shown on the incline section. While in this section
the crest is comparatively narrow, it apparently widens out to the south in
a broad, dome-shaped elevation. At about forty feet from the incline the
fourth level cuts through a body of hard, compact iron, resting upon the
limestone, and then bending to the eastward passes into the solid limestone.
At a distance of one hundred and twenty-five or one hundred and thirty feet
from the incline a streak of clayey matter was cut, carrying a little ore and
running off to the southward, evidently a replacement body which followed a
cleavage or fracture plane in the limestone. The drift then passes again
into solid limestone, bending off to the south at its extremity, where it
passes 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 has only been driven about fifteen feet, being in
the limestone, which extends at least that distance above its floor.

The sixth level south follows in its windings the contact of porphyry
and limestone, which here dips steeply to the east and thus defines the eastern
edge of the fold. The contact material consists of a thin streak of man-
ganiferous clay and Chinese tale. At 30 feet from the end of this drift is
an upraise on the right, 30 feet in height, following the almost perpendicular
surface of the limestone, from the top of which a prospecting drift has been
run out and is said to have been nearly connected with the drift on the
fourth level; the drift beyond this point is in the body of the limestone.

On the seventh level no drift has been run to the southward, the incline
being here entirely in porphyry.

The south drift on the eighth level has a general southwest course and
is cut in a decomposed material which seems to result from the decomposi-
tion of the 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 mass, having a gritty feel and containing fragments both of black
chert and of quartzite. Within about twenty feet of the point where the drift
forks the clay rises suddenly to the roof and the drift passes into a light-
blue decomposed limestone of the pulverulent type, so common in the dis-
trict, which crumbles between the fingers. The further continuations of
these drifts are entirely in a body of fine-grained limestone of earthy text-
ure, as distinguished from the crystalline, granular dolomite which is most
frequently found. In the left-hand drift is a stope one set high and in the
right-hand drift there is a large chamber from ten to fifteen feet in height
and breadth and some twenty or thirty feet long, from which limestone has
been quarried to be sold to the smelters as flux.

The south drift on the ninth level follows in its curves the contact
between limestone and porphyry, having some black chert in the floor.

Of the workings on the north of the Carbonate incline those on the
first and second levels are now mostly inaccessible. As well as can be
ascertained, a thin sheet of ore extended from the incline, somewhat inter-
mittently interrupted, as a rule, by limestone rising to the contact with the
porphyry, whether caused by simple undulations in the limestone itself or
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by narrowings of the ore body cannot be determined. Pay ore was mostly
in the form of sand carbonates, slightly impregnated with iron oxides, and
in comparatively thin sheets, having a maximum thickness of about two or
three feet. Connection was made from the second level to the end of the
Ztna incline, to prevent the owners of the latter mine from following their
ore shoot farther into the Carbonate ground, but is now elosed up. Between
the second level and the third and fourth is a large piece of comparatively
barren ground, as indicated by the outlines of the ore body given on the
map. These outlines, it must be borne in mind, are, from the necessity of
the case, considerably generalized, it being impracticable to obtain accu-
rate data with regard to their definite limits in the present abandoned con-
dition of the workings.

One of the richest ore bodies in the mine was found immediately adjoin-
ing the incline on the north, between the third and fifth levels, occupying a
slight depression immediately adjoining the crest of the main fold in the
limestone. This ore body was in places two sets high (some fifteen feet
thick), gradually thinning as it approached the crest of the fold, and to the
northeastward spreading out in a thin and comparatively continuous sheet
of sand carbonates. 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 east it extends in practically continuous
sheets to the lower levels, gradually taking a steep easterly dip. The north-
ern extension of the drift, after passing through a considerable stretch of bar-
ren contact, cuts several small, unimportant ore bodies, which form a con-
tinuation of those developed in the lower levels, and at its extremity was
being run at the time of visit in solid limestone.

The fifth level is cut for a short distance from the incline in the lime-
stone of the fold, then passes through the clay contact, showing consider-
able slickensides. The contact here is somewhat typical, showing first a

lackening 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 Shales), followed by normal White Porphyry. The
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slickensides indicate a certain amount of movement or displacement along
the steep eastern face of the ridge or fold. Atabout one hundred feet from
the incline the drift bends under that of the next level above, and from here
on follows in its sinuosities the line of contact, which has a steep dip to the
eastward. From the point where the ore is struck in this drift almost to’its
northern extremity, the ore extends eastward to the two next lower levels and
into the ground of the Little Giant claim, in a practically continuous body
of iron-stained sand carbonates, generally one foot to two feet in thickness,
only interrupted here and there by ridges of undecomposed limestone, reach-
ing up to the porphyry contact. This ore sheet has a steep dip to the east-
ward, say on an average from 25° to 30°, and evidently stands on the east-
ern slope of the fold; it would seem, therefore, that the dome-shaped uplift
in the limestone body between the fourth and sixth levels south of the incline
has narrowed into a sharp ridge in the incline itself, and that it has then
become a monoclinal fold to the north, the ore -body extending over the
line of its crest and partly down its eastern slope into the trough.

The sixth level north is run for fifty feet on a barren contact, following
the curve of the limestone ridge, then passes into an ore body extending
right and left with a steep dip to the eastward, while the end of the drift
bends sharply to the eastward and runs into the overlying body, in which
the eastward dip is shown in the rude bedding planes.

The seventh level north for the first hundred feet is run in White
Porphyry, more or less iron-stained or decomposed and probably some
distance above the contact; limestone then comes up into the floor, covered
by a streak of black iron and white Chinese talc a footin thickness, Imme-
diately beyond, a body of ore three sets high has been stoped out, which
evidently represents the ridge of limestone, now entirely replaced by ore.
This ore ridge at its maximum height is only about twenty feet in width,
having a roof of breccia material consisting of fragments of black chert
and quartzite in a matrix of clay and decomposed porphyry. The limit of
the pay-ore body is found at a comparatively short distance east of this
drift, the developments on the eighth level showing only a barren conmtact.

The north drift on the eighth level follows in its right fork the eastern
boundary of the trough east of the ridge, and is cut in a yellow ocherous
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material, which occasionally passes into limestone, the roof being White
Porphyry. The left-hand or west fork in the first half of its course is cut
in White Porphyry and then passes into a decomposed, light-colored, and
iron-stained limestone, which rises to the west. The drift, after arise of 15
feet over a ridge of dark hard limestone, passes into soft clayey material, and
then bending to the northward passes through two or three feet of quartz-
ite into a body of Gray or Mottled Porphyry, in which it stops. This is
the only point in which the Gray Porphyry has been discovered in this
mine. No definite idea, therefore, can be formed as to the shape or origin of
the body. It may be interesting to note in this connection, however, that
farther in the hill, as shown by the developments of the Modoc shaft, there
are several bodies of this Mottled Porphyry intercalated between the differ-
- ent beds of limestone. From this level, immediately adjoining the Main
incline, an ineline drift, following the contact, has been run westward to a
point immediately under the fifth level. It is now mostly filled up, and is
mainly interesting as proving the existence of the deep trough shown 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, most
interesting proof is afforded of the fact that the ore bodies are simply
replacements of the limestone. The replaced material is largely a black,
clayey matter, more or less iron-stained and in some cases passing into a
red plastic clay, which would seem to have infiltrated into the mass from
the porphyry above, while the limestone immediately adjoining this is itself
more or less discolored by black oxide of manganese. “A short distance
below the intersection of the ninth level, which is in solid blue limestone,
the limestone, with its contact seam of Chinese tale, dips steeply down to
the eastward and the incline passes into porphyry. Just at the point where
the limestone bends 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 an
extension of those of the Carbonate along the continuation of the main
ore sheet, where it has its steep dip to the eastward between the fourth and
seventh levels. It is opened by a shaft 234 feet deep and is also connected
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by narrow sinuous drifts with the fifth level of the Carbonate. The ore is
iron-stained sand carbonates, occurring, as a rule, in thicker bodies than in
the Carbonate claim and being rather more irregular in shape. The work-
ings consist of a main incline, now being driven a little south of east from the
bottom of the shaft, and of an incline running nearly due east at an angle
of 26°, from which levels have been run off at intervals of about fifty feet.
The richest ore bodies have been found immediately adjoining the Car-
bonate claim on one side 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 southwest of the Shamrock, has not been prospected at all, be-
cause it has been considered beyond the southeastern limit of the pay-ore
streak, as indicated on the map. The ground is probably barren.

Yankee Doodle.—The Yankee Doodle mine, east of the Carbonate fault, is
opened by two independent shafts, not yet connected underground, and the
present developments are confined to the workings from the upper shaft.
The ore found here is a northeastern continuation of the Carbonate body.
The upper shaft of the Yankee Doodle is 303 feet deep, the first station
being at a depth of 296 feet from the surface. Limestone is said to have
been struck in this shaft at 230 feet. The main drift, ranning eastward
from the station, is cut in solid black crystalline limestone, showing some
replacement action; but no pay ore is found until the first cross-drift is
reached, at a distance of 170 feet from the shaft.! Twenty-five feet beyond
this first drift is a winze 30 feet deep, which goes down at an angle of 70°
to the eastward, following a sudden bend in the limestone, which is evi-
dently the same that has been traced through the Carbonate and Little Giant
claims, though having a steeper angle. Some ore has been found beyond
the bend on either side of the main drift, but none as 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 sunk at
an angle of 30°. Considerable ore was found extending upwards along the
surface of the limestone near the boundary line. These developments show
a somewhat discontinuous body of pay ore, consisting of sand carbonates

1By an oversight in_the correction of proof the section (Section G G, Atlas Sheet XXX) shows
White Porphyry, instead 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 sheet which extends
from the Carbonate into this ground seems to be growing narrower and less
continuous and may disappear entirely to the northeast. It is as yet, how-
ever, not safe to assume this as a fact, for the ground in the Yankee Doodle
claim has not yet been thoroughly and systematically prospected; more-
over, the shaft sunk on the Excelsior claim, which is nearly in the line of
the probable continuation of this ore body, is said to have cut a large body
of vein material, which, though not rich, is an evidence of mineralizing
action.

From the middle shaft of the Yankee Doodle, which is about one
hundred feet in depth, considerable ground has been explored by an incline,
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
limestone and porphyry. '

From the end of the first level north a winze was sunk, apparently in
a considerable body of vein material, in a sudden steepening of the lime-
stone. As it will be seen by reference to the map and sections that this
point is on a line with a similar sharp bend in the limestone, at the southern
extremity of the drift on the sixth level of the Crescent inine, where indica-
tions of a body of rich ore are found, it would seem advisaple to have
pushed explorations farther at this point, with the prospect of developing
one of the smaller bodies of ore, such as are found to the west of the main
Carbonate body, between it and the Ztna line. The south drift on this
level follows a barren contact of the usual character, viz, showing black-
ened decomposed limestone, with the usual parting of Chinese tale sep-
arating it from the iron-stained porphyry above, which contains fragments
of black chert and quartzite.

On the second level some thin seams of sand carbonate are found to
the north of the incline, and at the southern extremity a considerable body
of this ore has been stoped out. This also is evidently worthy of further
exploration. It thus appears that the apparently barren zone between the
two rich ore bodies or bonanzas of Carbonate Hill is only a region where
the ore is less continuous than in the bonanzas themselves, and that several
small ore bodies have been found there, and probably by a systematic
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exploration of the ground many others might be found, especially if the
search were not confined to the contact surface alone, but were also ex-
tended where indications of mineralized jointing planes seem to warrant it,

into the body of the limestone below.
Area on top of hill—In the area to the east of the claims of the southern

group, on the top of Carbonate Hill, several prospecting shafts have been
sunk in the White Porphyry, notably the Excelsior, William Wallace (300
feet), Tip Top (297 feet), Little Nell (440 feet), Thespian (400 feet), and
the Modoc (600 feet). Of these, only the Excelsior and Modoc have reached
the Blue Limestone. Neither was accessible at time of visit. The Excel-
sior is said to have found a heavy body of iron-stained vein material, but
not sufficient pay ore to encourage further developments. The Modoc shaft
had filled with water while awaiting better pumping machinery, but from
data obtained from miners and from evidence afforded by the dump it
appears that contact with a certain amount of vein material was struck at
about five hundred feet. In the little drifting that was done no rich ore
was found. The shaft was sunk 100 feet farther, passing through the Blue
Limestone and two intrusive sheets of Gray Porphyry included within it,
as ideally shown in Section I, Atlas Sheet XXX. It would thus appear
that the sheet of Gray Porphyry, which on Iron Hill occurs near the base
of the Blue Limestone, is here either cutting across this formation to a
higher horizon or sending off offshoots, such as are found in some of the
Iron Hill workings.

Area west of Carbonate fault.—In the Ztna and Glass-Pendery claims, which,
with the exception of a small corner of the former, lie west of the Carbon-
ate fault, little pay ore has been found on the contact; but the main ore
bodies occur within the mass of the limestone, extending to a depth of fifty
feet or sixty feet below its surface.

Ore was first discovered in a nearly vertical body, crossing the lower
part of Glass No. 2 shaft in a southeast direction. The development of
this body led to the discovery of other larger and more irregularly-shaped
bodies extending beyond the Aitna line. These were worked by the Glass-
" Pendery owners, and much ore was taken from the Ztna ground before
the owners of the latter were aware of its existence. It was on account of
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the litigation arising from the claim of damages by the Aitna mine that
admission to the Glass-Pendery mine was for a long time utterly refused,
only a single hasty visit being finally conceded for the purposes of this
work. This refusal was particularly unfortunate, as the information to be
obtained here has a most direct bearing on the question of the existence of
ore further west under the city of Leadville. The existence of the Pendery
fault, on which an incline is sunk 100 feet below the main level, was, how-
ever, ascertained beyond a doubt, with the strong probability of a slight
western dip in the limestone adjoining the Pendery fault. (See Sections
H and I, Atlas Sheet XXX.) Had the incline on the Pendery fault been
continued, there seems to be little doubt that the limestone would have
been struck in it at no very great depth, and definite data could thus have
been obtained in regard to the ore horizon under Leadville.

The ore body which passes through the Glass shaft seems to have been
a fracture or fissure in the limestone, partly filled with White Porphyry
from the main sheet above. A section of it where it crosses a drift north-
west of the shaft is given in Fig. 2, Plate XXII, in which it is seen that
replacement action has followed the walls of the fissure on either side of
the porphyry, the rich ore being confined, however, to the hanging wall.

In the ZKtna ground a small body of Gray Porphyry is found in the
drift just west of the main shaft. To the southeast of this shaft the lime-
stone is singularly bleached and disintegrated, but no ore is 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,
and 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 }imestone.
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, as
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in the Iron fault, shows that the original ore deposition was prior to the
faulting, and that whatever ore is found on its plane was brought there
mechanically or is the result of secondary deposition.

North of the Pendery and Ztna workings it was difficult to obtain
accurate information in regard to the underground structure of the lower
slopes of the hill, west of Carbonate fault. Many prospecting shafts have
been sunk, a few of which penetrated the porphyry to the underlying lime-
stone, but they had mostly been abandoned. The St Mary’s was the only
one which was accessible. From information obtained in this and by dili-
gent questioning of persons who had visited the others, it appears that the
limestone in this region probably falls off to the west in a series of irregular
steps or benches, which may be actual faults or sharp flexures. The result
is a probable dip to the westward, as indicated in a generalized form in
Sections I and G, the only break or fold which could be actually located
being that assumed as the northern continuation of the Pendery fault and
which was actually seen in the St. Mary’s workings. This fault is supposed
to pass into an anticlinal fold in the northern half of the area mapped, as
will be explained below.

In the lower part of the Yankee Doodle claim are several old prospect-
ing shafts, now abandoned. That marked on the map as the lower shaft is
said to have found limestone and ore at about fifteen feet, which was cut off
to the westward by a sudden break. The break was followed by an incline
seventy-five to one hundred feet farther, and work was then discontinued.
This break is evidently the continuation of the Carbonate fault.

NORTHERN GROUP OF MINES.

In the northern half of the area shown on the Carbonate Hill map,
another ore body parallel with that already described, but of much greater
dimensions, has been developed east of the line of Carbonate fault, and a
smaller, but very rich body, in somewhat peculiar relations, to the west of
this line. g

The first of these bodies extends northeastward from its outcrop in
the Crescent claim through the Catalpa, Evening Star, Morning Star, and
Waterloo claims, and probably beyond these into the ground of the Maid
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of Erin and Brookland claims. It obtains its maximum breadth of about
two hundred feet and a thickness of pay ore of over fifty feet in the Kven-
ing Star ground, vein material having here replaced apparently the entire
thickness of the Blue Limestone, which, as a result of this action, has
shrunk to about one hundred feet. As in the Carbonate body, there is a
noticeable steepening in the dip of the formation beyond the eastern limits
of the ore current, but the amount of replacement by oxidized material has
been so great that the minor waves in the limestone are difficult to trace.

It were too long to enter into a detailed description of the workings
in each mine, as has been done in the case of the Carbonate ; and, since the
map and sections represent, so far as their scale permits, the results of thor-
ough examination of every drift, only the salient points and general features
will be mentioned in what follows.

Crescent mine.— T'he Crescent, like the Carbonate mine, is worked through
a long incline, following the dip of the stratification. In this case, how-
ever, the angle of the incline varies from point to point in an attempt to
keep on the contact; but, owing to the irregularities of the limestone surface,
it runs, like the former, now into the limestone foot-wall and again into the
porphyry above. Its average angle is at first 12° to 13°, but 50 feet beyond
the No. 3 shaft it becomes 20° to 25°, continuing on this average slope
to a distance of 800 feet from the mouth. For the first 80 feet it runs in
Wash, composed of clayey gravel inclosing rounded bowlders of Sacra-
mento Porphyry; above the contact are four feet of quartzite, supposed to
belong to the Weber Shale horizon. This quartzite is very generally found
below the porphyry in this and the adjoining mines to the north. It is
ordinarily very thin and difficult to distinguish from the porous quartz
which frequently constitutes the gangue or vein material. As in the Car-
bonate mine, the dip of the limestone is very shallow near the surface, and
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 Blacksmith shaft, where the limestone is rising rapidly
to the surface. It was generally found as a thin and somewhat irregular
sheet of sand carbonate, averaging perhaps a foot in thickness. Toward
the Catalpa line on the fourth level it thickened to two and a half feet and
carried 100 to 500 ounces of silver to the ton. Between the upper part or
southwestern end of the body and the Catalpa line is an area which has
proved barren of pay ore, so far as explored, though vein material is prac-
tically eontinuous through it, carrying always a certain amount of silver.

On the line of the incline, as is shown in the section, there is a ridge
of limestone between the third and fourth levels and another just beyond
the fifth. To the north, towards the Catalpa line, these two ridges have
come together, and the steep dip, which in the incline is beyond the fifth
level, is here between the fourth and fifth, as the converging of these two
drifts shows. East of this line the contact has been found practically barren,
though showing considerable replacement material, consisting of oxides of
iron and manganese which all assay a few ounces in silver. Between the
eighth and ninth levels is a deep trough, produced by a fold and possibly
accompanied by some displacement, similar to that in the Carbonate mine.
A winze was sunk here, said to have been 80 to 100 feet deep, in vein mate-
rial, but it was no longer open, and the information is somewhat uncertain.
The south drift on the eighth level runs along the edge of this trough on
the contact, which dips 70° to the eastward. The extremity of the south
drift on the sixth level, which follows the curves of the contact, rises 20 feet
over the ridge of limestone which crosses the incline below No. 3 shaft, and
finds a small body of ore, which deserves further prospecting.

Catalpa mine.— Although the first discovery of ore on this ground was
made in the gossan, or iron outcrop at the surface, the mine was opened
through a shaft sunk high up on the hill, which reached the contact at a
depth of 170 feet and near the eastern limits of the main ore body. From
this explorations were carried upward to the west, and a second shaft, the
New Discovery, has lately been sunk to develop the ore shoot extending
up toward the surface, which has not yet been thoroughly explored.

As the surveys in this mine had been carried on without any systematic
determination of level in the drifts, as is often the case in Leadville mines,
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the outlines of ore bodies and contact may be less exact than in other
mines. There seem to be two ridges in the formation, marked by sudden
descent of the ore bodies to the east on the line of the section (E), but
along the Evening Star line, above the general steepening of dip at the
east limits of the bonanza, the inclination is more regular. The vein mate-
rial in this ground extends to depths of thirty and forty feet below the
contact, its total thickness not being in all cases ascertainable, as explora-
tions are seldom extended in depth as far as the unaltered limestone. The
rich ore bodies are generally found in its upper part, near the contact. The
former is generally soft and clayey, sometimes, however, a hard silicious
hematite, and in the vicinity of the ore bodies often a granular quartz, not
unlike a quartzite in general appearance. In the Main shaft 40 feet of vein
material was passed through before reaching unaltered limestone. This was
barren, with the exception of a thin streak of galena, carrying 379 ounces
of silver to the ton. The limestone below is of dark color, generally hard
and crystalline, but sometimes soft and pulverulent, containing clay infil-
trated through from above.

From the bottom of the New Discovery shaft the ore extends in a
somewhat irregular body one to three feet in thickness to the northeastward,
and along the Evening Star line is practically continuous eastward as far
as the so-called ““crib.” In the direction of the Main shaft its continuity for
a short distance is broken, but it comes in again in the northeast continua-
tion of the Crescent body, increasing in thickness toward the “crib” on the
Evening Star line, at the extremity of the drift running north from the Main
shaft. At the “crib,” so called from the structure, filled with waste, used
to support the roof of the ore chamber, there is a sudden steepening of the
ore body on both sides of the line between Catalpa and Evening Star. An
almost solid mass of carbonate ore, 40 feet thick, was taken from this cham-
ber. It was difficult to obtain definite data as to the bounding rocks, but it
is evident that this deepening is due, not to a fold in the limestone, but to
replacement action extending a little deeper, probably along some fissure
or cleavage plane in the limestone. The general outline of the ore body
here is shown in the longitudinal Section A, Atlas Sheet XXIX, whose line
passes through this portion of the mines.
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From the bottom of the Main shaft an incline is 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 indistinet, but from data obtained at other
points it is deduced that its dip must 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 its owners, as a
legitimate mining enterprise, than any other in the region.

It is opened by two vertical shafts, known as the Main and Upper
shafts, between which the ore body stretches in an almost continuous sheet
and beyond which in either direction but little ore has been found.

Main shaft.-—The Main shaft, as shown in Section D, was sunk through
the White Porphyry, across a great thickness of iron vein material and
through an underlying sheet of Gray Porphyry, into a second body of vein
material, at the base of which was found a thin bed of quartzite. This is
probably a portion of the Parting Quartzite, and the second iron body is
therefore the replacement of a portion of the Blue Limestone split off from
the main body by the intrusion of the Gray Porphyry. The fact that this
underlying sheet has been actually cut here is extremely important, since
its existence in the southern portion of the hill, between this point and the
outcrops on the slopes toward California gulch, has been only inferentially
proved by isolated masses supposed to be offshoots from it.

A dike-like body of Gray Porphyry is also cut in the upper workings
adjoining the shaft. As shown here, it is six feet in width, runs in a north-
east direction, and has a dip of 70° to the northwest. In places, especially
toward the center of the mass, it is in exceptionally fresh condition, its matrix
being a semi-translucent hornstone like mass, containing abundant crystals
of limpid quartz with feldspar. By decomposition, which is 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—23
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from the prominence given to small crystals of feldspar and the oxidation
of the contained iron, so that it is not to be distinguished from the average
Mottled Porphyry. This body can be traced but for a short distance in
either direction. It is probably an offshoot from the main underlying sheet,
and its position suggests a possible connection, or at least common origin,
with that found in the Morning Star ground, although the shape of the
latter, as shown in Section C, is more that of a sheet than of a dike. It
must be borne in mind, however, that none of these later intrusive and
cross-cutting sheets has the regularity of the normal dike as it is gener-
ally represented in geological text-books, and further that, as in the mines
they are seldom exposed in more than a few isolated points, their graphic
representation on the section is almost entirely ideal and subject to correc-
tion whenever further explorations furnish more facts in regard to them.
The White Porphyry in this shaft was found to be highly decomposed
throughout and so stained by iron oxides near the contact that the line of
the latter could not be accurately determined. In it, about fifteen feet above
the contact, was found a small body of ore, consisting of pyromorphite and
cerussite, with a little sulphide, filling the interstices of small blocks of
country rock. The rock contained over 80 per cent. of silica and may
have been an included fragment of impure quartzite belonging to the Weber
Shales. This was probably a secondary deposit.

The oceurrence of a second body of vein material below the Gray Por-
phyry is extremely interesting, as showing that replacement of the lime-
stone has taken place, at times, below this porphyry, as it has normally
below the White Porphyry. In this case the body is exceptionally rich in
manganese, being mainly the black iron of the miners. The jointing planes
are covered with a coating of fine crystals of pyrolusite.

Upper shaft—This shaft was sunk 290 feet through White Porphyry
before reaching the contact. Here the porphyry was hard and exception-
ally fresh, being what is locally known as “block porphyry”; moreover,
it contained minute crystals of pyrite, disseminated through its mass. The
occurrence of undecomposed pyrites in the porphyry is noteworthy in con-
nection with the fact that for a considerable distance to the east of the shaft
there is a close contact—that is, little or no replacement on the surface of the
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limestone. On the limestone surface only about eight to ten feet of vein
material were found, which rapidly thinned out to the south and east! Be-
tween these two shafts the rich ore body extends in a practically continuous
sheet, reaching its greatest thickness of about forty feet toward the middle
of the area. Its outlines are difficult to define, since the distinction between
low-grade ore and high-grade vein material may vary at different times and
since it could not be actually studied in every part; but where drifts were
closed information had to be obtained from the miners. Its lower surface
is very irregular, extending down into the vein material to depths which
vary rapidly in a few feet; the upper limit, however, is more regular, being
practically that of the contact, though every portion of this was not nec-
essarily rich enough to be extracted. Toward the Morning Star mine it be-
comes thinner, but its lateral boundaries widen. East of the Main shaft, on
the line of Section D, the contact is barren, but on the Morning Star line
the ore extends to the line of steepening dip, as it does in the workings
from the Morning Star Uppershaft. It is by no means certain that in this
region the eastern limits of the ore body have been reached, and the out-
lines given on the map must be considered merely tentative. The diagram

o
in Fig. 1, Plate XXII, is taken from the extremity of the incline running

o

east from the Evening Star Upper shaft and shows a fragment of porphyry
intruded into the body of the limestone, in this case unaltered ; such an oc-
currence in a region of active replacement would account for the Chinese
tale and clay which might be found entirely within an ore body.

No. 5 shaft—Since the completion of field-work an exploring shaft has
been sunk at the outerop, which, after passing through a considerable thick-
ness of vein material, is said to have found unaltered Blue Limestone.
From this information the structure assumed in the section has been in-
ferred, though, as will be shown in the discussion of the region west of the

! Since the completion of field-work this shaft has been sunk 100 feet deeper, cutting alternately
through solid limestone and replacement zones parallel with the bedding and containing iron vein
material. The first of these zones was 7 feet thick, occurring at 15 feet below the contact; the
second was 45 feet thick, containing in the middle from 5 per cent. to 20 per cent. of lead and occa-
sional nodules of galena. The limestone on either side of this zone was decomposed and pualverulent,
in the condition known to the miners as “lime-sand,” but the bedding planes were often still distinct.
From these developments it appears that the replacement zone on Section D should have been con-
tinued farther east. The shaft was not carried down to the Gray Porphyry, to determine whether
pay ore exists at its contact, as in the Waterloo.
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fault, there is no certainty that there may not be a decided shallowing
the dip of the formation as it approaches the assumed fault line! No
explorations have been made between this and the Main shaft except the
Old Discovery shaft, which was sunk for a few feet in vein material and
has long since been filled up and obliterated.

The ore of the Iivening Star mine consists largely of sand carbonate
and hard carbonate, but contains also a considerable amount of unaltered
galena. Although less rich than that of the Catalpa, its working results
give a high average, which may be estimated at 60 to 70 ounces of silver
aton. Ascompared with the Morning Star ore it runs lower in lead, but as
a rule contains less silica and more iron and manganese, and is, therefore,
more easily smelted. The hard carbonate, which is the characteristic ore
of the western half of the mine, is a granular silicious material of peculiar
steely or adamantine luster, either compact or porous and full of cavities.
An examination of the cavities with a lens shows that they are more or less
completely filled with transparent crystals of cerussite and little flakes of
chloro-bromide of silver of pale-green color. The sand carbonates occur
in streaks and lenticular bodies, generally not more than one or two feet in
thickness. Chinese talc is occasionally found, but cannot be traced so reg-
ularly as when the ore bodies are thinner and the actual contact conse-
quently more readily defined.

Morning Star mine.— T'0 this mine belong both the Morning Star and Water-
loo claims, the ground of the latter above 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 inaccessible 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, Princeton, 1883) the data furnished by the
sinking of this shaft through the Gray Porphyry and by a bore-hole drilled from its bottom as far as
the Lower Quartzite show that the thickness given for the Gray Porphyry sheet in onr ideal Section D
is too great, its actual thickness being about fifty feet. He also states that he found no Parting
Quartzite. As his information with regard to rocks passed through was obtained by examination of
the dump, it might readily have escaped his observation. On the other hand, on the supposition that
there was a nonconformity by erosion between Silurian and Carboniferous formations, it might have
been eroded away at this point and be actually wanting ; this would also account for a supposed less
than normal thickness of the White Limestone.
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normal northeast direction through this ground as far as explored, and
apparently widens out to the northwest, the limits given to it in this direc-
tion on the map being merely those of explored areas, and not necessarily
of the limits of ore deposition, as a great deal of ground is still unexamined.
This body, which in the Evening Star ground had already commenced to
shallow toward the boundary line, becomes very sensibly thinner through-
out the Morning Star ground. From four to eight feet may be taken as
the average thickness, though in places it deepens for a short distance to 20
or 30 feet. As a rule the ore runs much higher in lead than in the Evening
Star, but is poorer in silver. It also contains more silica and less iron and
manganese. Very white carbonate sands, consisting of almost pure cerus-
site, are found, especially along the contact. Here, as elsewhere, these seem
to contain less silver than the more stained and impure carbonate ores. It
may be that the latter have more silver in the form of sulphuret. As gangue
the porous granular quartz is very prevalent, and often constitutes a good
hard carbonate ore. Below the ore the ocherous yellow basic sulphate was
frequently observed.’

The mine is principally worked through the Main shaft, from the bot-
tom of which an incline follows the dip of the formation eastward, and
levels are run southward to the Evening Star line and westward to connect
with the old workings from the Lower shaft. From the incline levels are run
at somewhat irregular distances, following the ore development, which has
been mainly to the south in the upper part and in the lower to the north.
A second shaft, known as the Upper shaft, has also been sunk to contact
higher up on the hill, on the Waterloo ground, from which a level connects
with the incline.

In this area the greatest east-and-west extent of the ore bodies has
been along 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. This was at the southern extremity of the fourth level south, and it

1 According to Mr. L. D. Ricketts, who made a careful and detailed study of the Morning Star
and Evening Star mines during the summer of 1882, this basic sulphate forms a distinet and practically
continuous sheet under the ore body in the Morning Star ground.
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was considered by the miners a limestone bowlder. Explorations generally
stop in the iron body or barren vein material underlying the ore body.
The steepening of dip to the east of the ore body is very marked at the
present extremity of the incline, as well as near the bottom of the Upper
shaft; its angle is here 25°. A fine body of carbonate ore is just being
opened to the west of this point.

The old workings of the mine were reached from the Lower or Board-
ing-House shaft, and at time of examination were inaccessible. From infor-
mation obtained it appears that a large mass of vein material was found
here, and a layer of valuable ore at the contact, which reached the Evening
Star line on the south, but was cut off at 125 feet east of the shaft by a
break in the formation. This break was found, at the extremity of the west
drift from the Main shaft, to consist of an actual displacement of 20 feet in
the formation, bringing the basset edges of the limestone against a sheet of
Gray Porphyry, which here overlies the contact  To the west of this there is
a sharp rise in the contact, which was explored with some difficulty through
drifts rendered dangerous by the plastic condition of the decomposed Gray
Porphyry. This body was found in no other workings, and what could be
determined of its outlines is shown in Section C.  Where it comes up through
the limestone, as it undoubtedly must, is not therefore known, but a pos-
sible manner of offshoot from the main sheet below is shown in Section A

The normal continuation of this great ore body would be between the
Maid of Erin and Brookland shafts. In the former contact was struck at
385 feet and 15 feet of iron were passed through. To the north of the shaft,
in a drift rising between Gray and White Porphyry, was found a small
body of galena. The developments are as yet too limited to furnish an
accurate idea of the shape 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

! Mr. Ricketts (op. cit., p. 41) states that a dike, eight to ten feet wide, crossing the limestone,
has since been cut by one of the drifts of the mine, which he regards as the feeder of this sheet of Gray
Porphyry.
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developments are not carried on regularly in any of these shafts, owing to
great influx of water and nothing definite can be said as to the extent or
conditions of the ore body in that direction.!

Area west of Carbonate fault—'T'he original rock surface of Carbonate Hill
west of the line of Carbonate fault slopes off very rapidly, as shown by the
sudden deepening of the Wash in the various sections. The line where the
slide of the steeper slopes gives way to actual Wash, or rounded bowlders
and gravel of rearranged moraine material, marks a sort of beach-line in
Glacial time, up to which the ice sheet must have extended in order to trans-
port the bowlders, some of which (at the mouth of the Crescent incline, for
instance) must have been brought from near the crest of the range. The depth
of this mass of detrital material probably reaches 150 to 200 feet along the
western edge of the map, and there is some evidence to show that the under-
lying Lake beds extend up to the base of the steeper rock-surface slope, as
shown in the sections. Under such a mass of clayey gravel, which, like a
sponge, permits the passage of water through it and yet keeps constantly
saturated, the rock surface disintegrates and its mineral constituents are
decomposed more readily than elsewhere, and the porphyries especially
lose rapidly their distinctive characters. With these conditions of actual
surface and rock surface the determination of geological structure is
naturally difficult, and this difficulty is enhanced by the fact that, except
at the northern and southern ends of the area mapped in the lower Henriett-
Waterloo and ZEtna-Pendery claims, respectively, the little underground
exploring that has been done was simply for prospecting purposes, irregular,
without system, and the workings are as a rule no longer accessible. The
structure of this region, as represented on the sections, is the embodiment of
information obtained at the expense of infinitely more time and labor than
the examination of a large mine would have required, and yet is far from
satisfactory in its character. For this reason, while the structure of the
lower portion of the hill, as shown in Sections B, H, and I, may be taken as

1Since the completion of field-work, at a depth of 633 feet contact has been reached in the Wolfe
Tone shaft, which is a short distance east of the Brookland. Ore and vein material are said to have been
about forty feet thick, the former occurring both as carbonate and as sulphuret. Below this a body of
porphyry was found, which from description is apparently Gray Porphyry and may be the eastern con-
tinuation of the main sheet which has been developed in the Lower Waterloo workings.

-
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essentially accurate, that given in the intermediate sections has a certain ele-
ment of tentativeness and uncertainty. That in the Ztna-Pendery ground,
1epresented by the two latter, has already been described.

Lower Henriett and Waterloo,—Section B shows the structure below the Car-
bonate fault on a line drawn between these two claims, whose lower work-
ings are connected with each other. It is that of an anticlinal fold, whose
axis corresponds very closely with the prolongation of the Carbonate fault
line and whose crest has been planed off, with a sharp synclinal basin
adjoining it on the west, along one side of which the lower sheet of Gray
Porphyry cuts across the Blue Limestone up into the overlying White Por- -
phyry, which has escaped erosion in the hollow of the basin. On the under
side of this sheet of Gray Porphyry, at its contact with the limestone, the
latter is mineralized, and a most 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 existence of this lower ore sheet was sup-
posed at first to indicate merely a faulted-down portion of the regular ore
horizon, as it does in the Ztna-Pendery ground, the difference of level
between the outerops of vein material on the surface and that of the lower
body, prolonged in dip into the hill, being quite what would be expected
if the movement of the fault was normal, with a slight decrease in amount
toward the north. It was observed, however, that the Half Way House
and Henriett Lower shafts had passed through normal White Porphyry
over limestone, 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, limestone being in all cases its
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 the 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 proves that
at this poiat the ore body is near the base, whereas in the shafts it was
near the top, of the Blue Limestone. The line of Section B is apparently
the line of greatest depression of the Gray Porphyry sheet, since to the
north what is apparently a slight fault brings the limestone up, cutting off
the ore body, and on the south, towards the New Waterloo shaft, the con-
tact rises. This shaft was sunk entirely through vein material and Gray
Porphyry, and apparently found no White Porphyry. The faulting move-
ment has here become a slight down-throw to the east, comparable in di-
rection and amount to the Morning Star fault, and which might readily be
mistaken for a simple monoclinal fold. It is assumed to be the continuation
of the Carbonate fault, though there is no direct proof, nor could a con-
nection actually be traced, since the throw of the latter would become nil
between here and where it is actually demonstrable. On the same line to
the north, in Little Stray Horse Ridge, there is a displacement, which passes
into an anticline on Fryer Hill, in the Dunkin ground.

West of the Halfway House shaft the contact between limestone and
White Porphyry has been explored for ore, and is found to be cut off by a
sudden deepening of the Wash, which evidently represents the shore-line
of Lake Arkansas mentioned above. In the Jolly shaft the Wash is 140 feet
deep and an east drift from it finds vein material and limestone.

The map shows an eroded anticline west of the Jolly shaft, which is
the southern continuation of the quaquaversal, shown on the Leadville
map, between the west ends of Fryer and Carbonate Hills.

Morning Star and Forsaken.— On the line of Section C the underground data
are less complete, and the structure, which is even more complicated, is
consequently determined with less certainty. The rocks passed through
by the Waterloo Lower, Forsaken, and Portland shafts could not be deter-
mined by actual observation, and the information obtained may not be in
every case geologically accurate. In the Forsaken incline the limestone
dips regularly eastward, and the action of replacement, acting from the sur-
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 its head, in which,
however, the transition between unreplaced limestone and vein material is
less gradual than it is in nature. Above the contact in this mine, between
vein material and White Porphyry, is a varying thickness of white quartz-
ite, scarcely to be distinguished from porphyry. This is assumed to be a
portion of Weber Shales left above the Blue Limestone, as is so frequently
the case on Carbonate and Iron Hills. South of the Forsaken shaft the ore
body, which is a layer of sand carbonate at the contact, extends apparently
into the ground of the lower Kvening Star, though these workings were
not accessible during time of examination. West of the south shaft of the
Forsaken, drifts run up along a barren contact into the Wash, which deepens
rapidly along the lower end line of the Evening Star claim.

From the Forsaken incline south toward the Waterloo line, the forma-
tion rises apparently, though the connecting drift, which has a southeast
course, descends near this line on a steepening dip eastward. From this
drift, between the boundary line and the Main (or lower) shaft of the Water-
loo, an incline follows for a short distance a rich body of sand ore at an
angle of 25° to the east. At the head of thisincline, directly over the ove,
is a thin sheet of White Porphyry, which is overlaid by Gray Porphyry.
This Gray Porphyry body dips steeply north and east and comes in actual
contact with the ore at the end of the incline. It is also cut in the bottom
of the Main shaft, where it is underlaid by vein material carrying a little
galena. This shaft is said to have passed through vein material and then
limestone before reaching the porphyry. South of the shaft a drift intended
to connect with the New Waterloo shaft is in limestone, which has an appar-
ent dip north. From the observations above noted, it would seem that the
Gray Porphyry is here cutting across the limestone up into the White Por-
phyry in a southwesterly direction, as it is in a westerly direction on the
line of Section B. Also that a slight anticlinal ridge runs along the Water-
loo-Forsaken line, from which, however, the White Porphyry has not heen
entirely eroded off, as it has on the line of Section B. This structure may
be seen graphically by supposing Section B to represent a north-and-south
section across the Waterloo-Forsaken ore body on a line just west of the
New Waterloo shaft. There would be the same bowl shaped syncline,
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though perhaps shallower, and a shorter anticline beyond it to the south,
from which the White Porphyry had not been entirely eroded off. - The
conditions in the Waterloo Main shaft would be represented by those of
the dotted lines, which on Section B denote the projection of the Harker
shaft, and the Evening Star Lower shaft would occupy a corresponding
position to the No. 3 Henriett. The ideal structure outlined here necessi-
tates a very sudden rise in the original Blue Limestone surface to the north-
ward, near the Waterloo-Forsaken line, as the movement of the Carbonate
fault, which on the line of Section C is nearly 140 feet, would have
become nothing and even be reversed before reaching the line of Section B.!

Niles-Augusta and Wild Cat.— South of the Forsaken the data to be obtained
from workings west of the line of Carbonate fault were still more meager.
The Evening Star Lower and Catalpa No. 2 shafts were both inaccessible;
the former was said to have found a large body of vein material and ore,
as shown in Section D. The latter was sunk 210 feet, and found the for-
mation dipping nearly 45° east. Irom the dump it was evident that in its
lower part it had passed through White Limestone and quartzite. It was
assumed that it had passed across the fault line and reached the lower for-
mations east of it.

From the Niles shaft three levels had been run. The upper drift ran
east through White Porphyry and struck vein material at the Evening
Star line. On the second level the drifts were mainly in limestone, with
some vein material at the contact of overlying porphyry, necessitating a
steep westward dip in the formation from the contact of the upper level.
The lower level at 230 feet was entirely in limestone, whose stratification
lines could not be distinguished. The limestone in this mine was of lighter

color than is ordinary in the Blue Limestone.

1 Mr. Ricketts (loc. cit., p. 13) supposes a much simpler structure through the lower Waterloo
and Forsaken mines, namely : that the formations continue westward on their normal dip until they
reach the surface, there being no displacement anywhere along the assumed line of the Carbonate fault.
His opinion is of weight, since he had the advantage of later and more extended underground work-
ings and could give months of time where we could only give days. His explanation, however, takes
no account of the White Porphyry west of the Carbonate fault line. Assuming that he is right and
that our determinations of the existence of White Porphyry are at fault, some structural explanation
gamilar to the above is required to the south of this line before the unmistakable conditions existing

in the Aitna-Pendery grounds are reached.
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In the Wild Cat the bottom of the shaft was in the same light-colored
limestone. At a depth of about one hundred feet a level ran east along a
waving contact, with considerable though irregular development of con-
tact vein material and the same white quartzite above it that was found in
the Forsaken mine. A north drift from this level followed a similar barren
contact, the Wash at one point coming down into the roof of the drift. A
cross-cut west from the end of this drift passed overaridge in the formation
and stopped just as it commenced to dip sharply westward.

- Lower Crescent.— T'he workings of the Crescent Lower shaft were platted
from a compass survey, and, while not as accurate as those from actual sur-
veys, are sufficiently so for the purposes of this work. The shaft, which is
145 feet deep, passed through Wash 22 feet, iron-stained clay 10 feet, White
Porphyry (soft above and hard block porphyry at bottom) 113 feet. The
drifts followed clayey iron-stained material, with some development of spec-
ular iron, but no unaltered limestone was found. The east drift at the end
had a dip of 45° east. The west drift passed over a slight ridge and stopped
in a gentle westerly dip. Here the calculated down-throw of the Carbonate
fault is about one hundred and forty feet.

The deductions made from the observations in these workings are, first,
that there is a probable western dip in the formation on the lower slopes of
the hill and, second, that an anticlinal structure is developed just west of
the line of Carbonate fault, which to the north gradually merges into the
axis of the fault, without, however, becoming strictly identical with it. The
sections show a single anticlinal structure south of the Henriett-Waterloo
line and a double anticline with a sharp included syncline on that line. It
is possible 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 measure unimportant, the great object being to determine whether
there be a western dip in the formation along the lower slopes of the hill,
which seems reasonably probable.



CHAPTER IV.
FRYER HILL GROUP.

GENERAL DESCRIPTION.

Fryer Hill, which has become so famous in the mining world by the
richness of its ore deposits, forms a comparatively insignificant feature in
Leadville topography, being simply the extreme shoulder of a minor spur
extending to the westward from Breece and Yankee Hills, between Little
Stray Horse and Big Evans gulches; its extreme elevation above these
gulches is only 200 feet. At one time the Big Evans glacier probably
covered its surface, and the moraine material which it left behind during its
retreat, though partially removed by later erosion, still covers the surface of
the hill to an average depth of about one hundred feet. For this reason
the study of its geological structure has been a very laborious work, and
one which could hardly have been accomplished were it not for the exten-
sive underground developments made by the numerous mines among which
its surface is divided up. As contrasted with the already described groups
of Iron and Carbonate Hills, Fryer Hill exhibits an extreme of mineral
replacement. The Blue Limestone is represented mainly by occasional
detached patches of lime sand or disintegrated dolomite and irregular accu-
mulations of iron vein material, more or less impregnated with rich car-
bonates of lead and chlorides of silver. The beds, which were horizontal
previous to the action of mineralization, have been, during the dyn‘amic
movements which followed, compressed into gentle folds, and their crests
have since been planed off by the great Evans glacier. These folds con-
sist of a main anticlinal fold, whose axis 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 northwest. There is, moreover, a general dip of the
folds and of the beds that compose them to the northeast. The structure
is further complicated by minor erumplings, which are shown by the wavy
outlines of the outerops, but in which itis difficult to trace any regular law.
In addition to all this the development of porphyry has been exceptionally
great in this region. As already shown, the cross-cutting zone of White
Porphyry passes through the southwestern edge of the hill, so that there
is an underlying and an overlying body throughout the greater part of its
area; and in the Amie ground the ore horizon is split up into three sheets,
each bounded by White Porphyry. Gray Porphyry is found as an overly-
ing sheet, as the continuation of the cross-cutting sheet of Carbonate Hill,
in a dike-like body, and in several small and appm‘ehtly detached sheets.

While on Iron and Carbonate Hills it is always possible to trace the
limits of the original body of Blue Limestone, which shows but a moderate
rariation in thickness, on Fryer Hill it is difficult to explain the seemingly
enormous contraction that this bed has suffered through the action of replace-
ment. It is true that the intrusion of the porphyry mass has in many cases
split the original body into several isolated sheets, whose originally irregu-
lar shape would account for a certain variation in the thickness of the pres-
ent bodies of vein material. On the other hand, this explanation hardly
seems adequate for certain extreme instances, such as that in the Little
Chief mine, where within a distance of scarcely over one hundred feet the
iron body varies from a thickness of six feet up to ninety feet. It would
almost seem in such cases as if, in the plastic condition to which the pres-
ence of enormous quantities of surface waters had given rise, not only in
the ore bodies but also in the surrounding porphyry, an alternating thick-
ening and thinning of the body, perhaps already inaugurated by the shape
of the original limestone, had been very much increased by subsequent -
compression within the mass. In other cases the finding of two bounding
quartzites, that which represents the Weber Shales and that forming the
Parting Quartzite, proves that there has been an absolute contraction due
to replacement. The average thickness of the iron body on Fryer 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 description of the individual mines, it
may be well to mention briefly the locality and manner of occurrence of
the main rock masses observed on Fryer Hill.

Gray Porphyry.— The bodies of this rock found on the hill have been indi-
cated without any direct connection, simply from the fact that it has not been
possible in the present state of development to trace each connection defi-
nitely, although it is very probable that many of the intrusive bodies may
have a common origin. The principal body is that which is shown along
the eastern and northern limits of the map, which is all that remains of the
main sheet of Gray Porphyry, developed in such thickness in Little Stray
Horse Park. It is the ordinary gray, somewhat decomposed rock, and has
been proved in the Winnemuck shaft of the Little Pittsburgh, in several of
the small shafts along the northern edge of the hill on the slopes of Big
Evans guleh, and in all the shafts on the eastern edge of the map and imme-
diately beyond it.

The second is a dike-like body, which extends probably from the Lee to
the Chrysolite, although its continuity in a portion of this distance, between
the Pittsburgh and the Amie claims, has not been definitely proved. This
would seem to belong to the type of interrupted dikes, as it only reaches
the surface in certain points, whereas in others the ore bodies extend con-
tinuously over it, but in depth it is doubtless continuous through its whole
length. Where cut entirely through, it has an average thickness of forty-
five to fifty feet. It is generally so decomposed that it is simply a soft,
clayey mass, its only distinction from masses of White Porphyry in a sim-
ilar condition being its mottled appearance, due to the forms of feldspar
crystals and to iron stains resulting from the decomposition of hornblende
and biotite. Occasionally, however, the characteristic large feldspars are
distinctly visible, although the mass is so thoroughly altered that the press-
ure of the hand suffices to reduce it to a shapeless mass of plastic clay. In
general this body seems to have a dip of about 45° to the northeast.

The third importaut mass of Gray Porphyry occurs within the lower
White Porphyry, and has been cut in a drift connecting New Discovery
No. 1 with New Discovery No. 5, and in the grounds of the Chrysolite
between Vulture No. 1, Vulture No. 2, and Colorado Chief No. 2; in each
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instance characterized by its mottled appearance and by its more thorough
decomposition than the inclosing White Porphyry. This is probably part
of the same sheet which crosses the White Limestone under Little Stray
Horse gulch, and is cut in a shaft south of New Discovery No. 5, in the
New Gambetta shaft, and in the Eudora shaft. New Discovery No. 6 cuts
a similar sheet of Gray Porphyry in the Blue Limestone, which evidently
is part of the cross-cutting sheet of the Waterloo-Henriett claims. There is
little doubt that all these bodies form part of the same intrusive sheet which
is gradually rising in geological horizon to the westward, as shown graph-
ically on the map.

Besides these three principal bodies, small irregular sheets are found
overlying the iron in the southern portion of the Little Chief claim and in
the Robert kK. Lee mine, apparently conformable with the formation. In
the eastern portion of the latter mine also is a dike-like sheet, five or six
feet thick, cutting through the ore body and extending from the northern
drift on first level to the eastern drift on second level, orin a northwesterly
direction, with a dip, however, to the eastward.

White Porphyry.—The upper sheet of White Porphyry is generally very
much decomposed, and within fifteen or twenty feet of the ore bodies it is
reduced 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 state is evidently due to the abundant
action of surface waters, which have free access through the superincum-
bent Wash, there being no solid rock above it.

The lower White Porphyry is relatively much less decomposed,
although the microscope shows that decomposition has already progressed
to a considerable extent within its mass. In some places, however, notably
in the lower drifts of the Dunkin and Climax, where it approaches the lower
limestone, it has been reduced to a clay and is so full of oxide of iron that
it is difficult to distinguish it from the iron mass which has replaced the
limestone. Itis also characterized by a laminated appearance which makes
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 ; Montana shaft, 99 feet; Amie
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 passes up across
the body of Blue Limestone to the southward towards Carbonate Hill, finally
merging with the upper sheet.

Weber quartzite.— The overlying quartzite is coarse-grained and sometimes
micaceous, as is common in the Weber formation. It occurs in detached
patches at various points between the ore body and the overlying porphyry.
Its most continuous body is in the Chrysolite ground, where it extends from
the Roberts shaft towards Chrysolite No. 4, and varies in thickness from
one foot to six feet. In the Roberts shaft, where its maximum thickness
oceurs, 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 sometimes
resting directly on this 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 less rounded fragments, included in the porphyry,
directly above the iron.

Blue Limestone— Small irregular bodies of pale-blue sand, generally near
the surface of the ore, are frequently found in the vein material of Fryer
Hill, especially in the Chrysolite ground. The occurrences of actual bodies
of limestone in place are, however, extremely rare. Those observed are—

1. At the extreme western edge of Fryer Hill, as shown in the Colo-
rado Chief and some of the adjoining prospect shafts, where it is struck
directly beneath the Wash and apparently rests immediately upon the Part-
ing Quartzite, with no intermediate body of White Porphyry. The outlines
of this body could not, of necessity, be very definitely obtained, but it is
probably of considerable extent and evidently represents the wedge-shaped
portion separated by the cross-cutting sheet of White Porphyry. It is here
a dark-blue, granular limestone, frequently somewhat impregnated with iron.

2. A large body of lime-sand occurs in the western portion of the Chrys-
olite, south of Vulture No. 2, adjoining the lower iron body.

3. A fragment of Blue Limestone is found below the main iron body,
included in the porphyry, in the second western drift south of Vulture No. 3
shaft (see Section I, Atlas Sheet XX XIII).

MON XIT——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 overlying the iron body, extend-
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 limestone 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 it 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 limestone is partly disintegrated
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 thelimestone. (See Section J, Atlas Sheet XXXIV.)

6. The most considerable body found is that cut at the northern end
of the third level of the Dunkin mine. The drift runs through this body
for a distance of about one hundred feet, the stratification lines showing at
first a dip of 45° to the northward ; the angle becomes shallower farther on,
which may be due to a change in the strike. This body shows the charac-
teristic ribbed structure of the Blue Limestone and contains imperfect casts
of fossils. It has, 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 :

| Carbonate Cnrl(;)(}nnte
! of lime. magnesia.
|
|
Dunkin lime-sand. ....c.cceeenianann. " 55.14 44.29
Chrysolite lime-sand ...o..ccavunuann.. ‘ 54. 09 43.79
Silver Wave limestone (type rock)....| 54.98 44.39

The disintegration is probably due to the dissolving 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 same composition as the rock
itself.
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Gangue.—T'he material which replaces the limestone on Fryer Hill does
not differ essentially from that already described on Iron and Carbonate
Hills. It is mainly an impure mass of oxides of iron and manganese, with
a greater or less admixture of silica and clayey materials. It differs some-
whiat 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, is, as
elsewhere, generally barren. In the main mass of the hill silicious replace-
ments consist of black chert, often forming large, aln:ost solid bodies and at
other times being thoroughly shattered into angular fragments, the seams
more or less filled with clay. Considerable amounts of sulphate of baryta
in erystalline form are scattered irregularly through the ore deposits, and
are generally considered a good indication of ore, inasmuch as they usually
accompany rich masses of chloride. The oxide of iron is generally hy-
drated, 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 Amie mine. From this, with varying propor-
tions of iron and silica, it passes through jaspery iron with conchoidal fract-
ure into almost pure silica. It is frequently cavernous, the cavities being
lined with crystals of quartz, cerussite, and sometimes of pyrolusite. Black
iron contains from 10 per cent. of manganese upwards, though never ap-
proaching a pure manganese mineral in any large quantity, except in the
Dunkin and in the adjoining workings of the Climax No. 3. No pyrites,
so far as known, have ever been found in the mines and carbonate of iron
is extremely 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 small amount
of chloro-phosphate or pyromorphite; and silver, 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. Besides this, considera-
ble masses 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 been found, as have also small
crystals of pyromorphite and molybdenite. The galena, as a rule, contains
a proportionately larger amount of silver than the carbonate of lead, as
might naturally be expected, since, in the oxidization of galena by perco-
lating waters, silver is removed in the form of chloride and has frequently
been redeposited at some distance from its original position. In this way
the Lee group of mines evidently owe their ore entirely to the later miner-
alizing action, since they are practically free from lead and consist of chert
and highly silicious red and yellow ochers, impregnated with chloride and
chloro-bromide of silver, without any lead The darker-colored sand car-
bonates are, as arule, the richer; these found in the Amie mine, for instance
have a dark-blue or greenish tinge and carry 300 ounces of silver to the ton,
whereas the light-colored carbonates of the Morning Star mine only contain
from forty to fifty ounces to the ton.

The extreme irregalarity of the occurrence of the ore renders any
generalization extremely difficult. It may be stated, however, that here, as
in all the other hills, the rich ore is generally, though not invariably, found
along the upper portion of the ore body. The main bonanzas or ore bodies,
as 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 bodies have been found in comparative proximity to this dike and
to the northeast of it, the main rich body to the southwest of this dike being
that in the New Discovery, Little Chief, and Little Pittsburgh mines, oppo-
ite what seems to be a partial break in the continuity of the dike. The
influence of this dike on the deposition of ore has evidently been to
cause an interruption or stagnation in the ore currents, 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 bodies have been found
as 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 comparatively neglected on account of the great inrush
of water wherever shafts have been sunk to the ore horizon. Erosion must
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have removed an enormous quantity of ore from the crest of the fold, and
doubtless from the surface of many of the existing ore bodies. As a rule
the lower iron bodies are comparatively barren. On the other hand, that
very rich portion of the Lee body which extends into the Matchless and
Hibernia grounds is immediately above the Parting Quartzite, or represents
the very bottom of the Blue Limestone. A small body of ore was ob-
tained from the lower bed of the Amie mine, which yielded seventy ounces
to the ton, and from the workings of the Vulture No. 2 some pay ore was
obtained in the same horizon.

The dip of the ore horizon is generally quite low, in the New Discovery
not more than 5° and in the Little Pittsburgh and Little Chief the southern
portion is quite horizontal. In the Chrysolite it dips from 10° to 11°,
whereas in the Amie the dip is 20° to the northwest. On the east side of
the anticlinal fold the dip is uniformly steeper, so that from the Lee to the
Denver City the outerop is relatively narrower. '

Parting Quartzite. — The Parting Quartzite, where observed, is not over ten
to fifteen feet in thickness and, as contrasted with the upper quartzite, very
much decomposed, being generally disintegrated to a fine white sand and
in every case very much iron-stained ; it also contains considerable mechan-
ical admixture of clay from the porphyry, so that it is not always possible
to distinguish it with certainty from a highly decomposed White Porphyry
from which the earthy bases have been largely removed.

White Limestone.— T'he White Limestone has been cut by several shafts
on Fryer Hill. In its most characteristic form it is found in the Amie No.
2, where it was struck at a depth of 273 feet and has its peculiar light-drab
color, compact texture, and the characteristic segregations of white chalce-
dony or chert. Itis alsofound in the lower levels of the Dunkin and Climax
mines, at their southern extremities, and in the Eudora and Pittsburgh shafts,
toward Little Stray Horse gulch, where it comes up to the Wash; likewise
in Chrysolite No. 6.

Lower Quartzite. — This quartzite has been cut by various prospect shafts
along the western borders of the hill ; among others, by the Little Eva No. 5,
and by the Lida shaft, near Cumming & Finn’s smelter, where a small intru-
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sive body of White Porphyry was found in it. In other portions it has
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 is
intended to be represented on the map of that region (Atlas Sheet XXXI) in
somewhat greater detail than is given in the legend. It has been attempted
here to show on a single sheet the actual surface of the ground, the rock-
surface beneath the Wash (distinguishing the different formations which
make up that rock-surface), and the underground workings 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 has resulted in a complication, which it will require the
reader’s closest attention to unravel. He must first bear in mind that the
black contours indicate the actual surface 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 outerops 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) were entirely removed. Third, that the drifts
of the various mines and the outlines of the ore bodies, as determined by
the explorations of those drifts and shown in black dots, are projected on a
plane surface, or, in other words, are represented as if the rock material
above them were entirely transparent and without regard to its thickness.
These drifts, 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 10,000-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 and
by deduction from observations made in the vicinity, but not actually 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 representing the lines of
the different sections. They are given as accurately as could be deter-
mined by the engineers who had been employed in surveying them ; but,
as invariably occurs in rich mining districts, there are many cases of con-
tested boundaries between adjoining claims which have either been settled -
by compromise or are still in litigation, so that the lines here given cannot
be assumed as officially and finally correct. The laying down upon an
accurate topographical map of a mining district like this of finally correct
side lines to the many claims that are there located, if not an absolute
impossibility, 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
as 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 east, without regard to priority of discovery.

MINE WORKINGS.

Chrysolite mine. —T'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 this property has 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 outerops of the main ore body, indi-
cated in dark blue crossed in black; in other words, 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 considerable ore body
was opened by Vulture No. 1 shaft, near the northern end of this claim.
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Soon after the discovery of this ore body, it was found by some clever
persons that, as not unfrequently happens in the location of claims, a small
triangular piece of ground in the immediate vicinity of this shaft, about
thirty-six feet by sixty on the sides of the triangle, was left unclaimed.
The shaft now called the Eaton shaft was at once sunk by these men
and the continuation of the Vulture body there discovered. In self-defense
the Chrysolite Company were obliged to buy out this little 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 unoccupied piece of ground
between the end lines of the Vulture and the Chrysolite, appropriately
called the Sliver, was similarly taken up, and was bought out by the
Chrysolite Company, but has thus far proved an unprofitable purchase.
This can be distinguished upon the map by the two shafts, Sliver No. 1
and Sliver No. 2, which have been sunk upon it. The ore body at the Eaton
and Vulture No. 1 shafts was near the outcrop of the upper iron body, and
therefore its limits to the westward were soon reached. It was traced east-
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 yielded the greater part of the immense returns which were obtained
from the mine in the earlier days of its working. Section B shows its
outlines along an east-and-west line. From it were obtained large masses
of chloride of silver, associated with cerussite, a single transparent 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
Discovery-Vulture line, where it widened out and then disappeared. In the
bottom of an east-and-west drift, a little south of this body, several masses
of limestone were found below the main ore body, which in early days, before
the character of the formation of the ore was understood, much puzzled
those in charge of the mine. The extent of this unreplaced limestone was
never determined, but it is now evident that it is simply a portion of the
Blue Limestone, which existed wherever now the body of vein material is
found, and which, for some reason or other, had not been replaced by vein
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material. ~Along the Vulture-New Discovery line considerable unreplaced
lime-sand was also found on top of the iron body, extending into the New
Discovery ground.

The main ore body, which was opened by the Vulture No. 1 and Baton
shafts, was traced a little south of east to the extreme southeast corner of
the Carboniferous claim, with an average width of about fifty feet and a
thickness of twelve to twenty feet. In the eastern portion it is opened by
Chrysolite No. 3 and Carboniferous No. 1! shafts. It ends quite abruptly,
both on the north and south, though barren vein material is found on either
side of it. Cross-cutting drifts soon pass through this vein material into
overlying White Porphyry, showing that the ore body was on the crest of
a minor ridge or corrugation in the vein material, on either side of which
is a shallow basin. That to the south has proved barren for a considerable
distance into the New Discovery ground. Its form is shown in Section F,
where it is seen that the upper portion consists largely of unreplaced lime-
stone. An ore shoot was also followed, descending in a northeasterly direc-
tion from the Triangle workings, which later developed a large body of ore
in the neighborhood of Chrysolite No. 4 shaft. In these older workings
the rich ore consisted mainly of carbonate of lead and chloride of silver,
with a comparatively small amount of galena. In the vein material a blue-
black chert is prominently found, occurring in bodies up to ten feet in thick-
ness. From this impure silica it passes into silicious iron and then into a
clayey limonite, more or less impregnated with oxide of manganese, the
extreme form of which, known to miners as “black iron,” is a sort of impure
wad. These were the early workings of the mine, made in the upper ore
horizon.

Explorations were also conducted westwardly by a drift running a
short distance south from Vulture No. 1 and then west to Vulture No. 2.
The workings of Vulture No. 2 shaft disclosed a considerable body of vein
material, about twenty-five feet in thickness, immediately underlying the
Wash, containing a little ore, and passing to the south into lime-sand.
To the west of this is a coarse decomposed quartzite, which is assumed to
represent Parting Quartzite at the base of Blue Limestone. The connect-

! Wrongly marked No. 7 on the 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 this from
the ore body of Vulture No. 2, and the contact between the two porphyries,
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, split
off from the main body by the lower White Porphyry and by this intrusive
sheet of Gray Porphyry, which is assumed to be the same found in New
Discovery No. 5, which, extending across Little Stray Horse gulch, connects
with the lower body on Carbonate Hill. The drift, in a southwesterly direc-
tion, from Vulture No. 1 to Colorado Chief No. 2, also 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 has been sunk to a depth of 86 feet, passing through
the Gray Porphyry sheet into an underlying iron body, from which ore
assaying 72 ounces to the ton was taken. The winze was 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 Carson, 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 Porphyries.
The outlines given on the map are determined mainly by data derived from
the dumps of a few abandoned shafts, and therefore are probably not abso-
lutely correct. Its widest partis in the line of Section F, between Colo-
rado Chief No. 1 and Pandora No. 3 shafts, the latter finding some 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, I, and B, respectively, were
opened in the early days of ore development in the district, when it was
supposed that the ore bodies would probably be found to take a downward
direction towards the unknown sources below, from which 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 fouad, 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 unprospected. When Mr.
W. 8. Keyes took charge of the mine a new and more rational system of
development was adopted. A large three-compartment shaft, the Roberts
shaft, was sunk in what it was supposed was the deepest part of the ore
horizon, and from this shaft a system of horizontal drifts was run off at two
or three different levels, with a regular system of rectangular cross-cuts at
given distances. In this way it was possible to map out the shape of the
ore bodies, and it soon became evident that the vein material occurred as an
interstratified mass between two sheets of porphyry, somewhat irregular
and corrugated, but basining up to the surface on the southwest and north-
west.  With the increased facilities for handling ore given by a large shaft
and by level tramways leading from every part of the mine to it, the work
of exploration could be pushed much more rapidly and the extraction of
ore proportionately increased. The old workings of the mine were further
explored and considerable ore was discovered where the bonanzas had been
supposed to be exhausted. Entirely new bodies of ore were also found to
the west and northwest of the shaft, continuing irregularly up to the out-
crop as shown on Sections A, K, and L. None of these bodies was of so
great continuous extent or so rich in silver as the main ore body extending
eastward from Vulture No. 1. The most extensive and the richest 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
thirty to forty feet in thickness was cut, which has since been traced
eastward 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 drifts from the lower levels where it is wanting
in these directly above them, showing that it tapers upwards. In the north-
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west portions of the workings a few feet of Weber quartzite are found above
the ore body, sometimes in direct contact with it and again separated by a
slight thickness of White Porphyry; and in the extreme northwest work-
ings the Parting Quartzite is found beneath the ore body, between it and
the underlying White Porphyry, showing that here the entire thickness of
the original Blue Limestone horizon is represented, compressed to a thick-
ness of sixty to eighty feet. At the bottom of the Roberts shaft 10 feet of
quicksand were passed through, which probably represents the disintegrated
Parting Quartzite. The main west drift from the Roberts shaft on the 284-
foot level, which runs a little south of west, passes for the first hundred feet
through iron vein material containing some pay ore, then for 150 feet through
block (White) Porphyry, then into a second body of iron vein material, at
the extremity of which is some lime sand, succeeded by Parting Quartzite,
all dipping gently to the eastward.! This is evidently the continuation of
the ore horizon developed in Vulture No. 2, but it is noticeable that the
Gray Porphyry found between that shaft and Vulture No. 1 is here want-
ing, showing that its northern limit has been reached. The lower iron
body does not extend much north of this drift either, since, as shown in
Section A, the drift westward from Chrysolite No. 4 fids the Parting
Quartzite directly under the main or upper iron body.

In this northwestern quarter of the Chrysolite ground the body of vein
material has averaged from sixty to eighty feet in thickness from its out-
crops eastward and southward. In this vein material the bodies of rich ore
are necessarily difficult to define, as they are simply concentrations of lead
and silver minerals. The whole mass contains more or less of these metals,
of which a certain arbitrary percentage is required to constitute pay ore.
The ore consists, as in other parts of the mine, mainly of carbonate of lead
and chloride of silver. The discarded iron vein material, which is extracted
from the mine and accumulates on the dumps, constitutes a low-grade ore
which it will doubtless some day be found profitable to work.

! Since the completion of field-work this drift has been pushed farther westward than indicated
on the map, and has passed throngh the White Limestone into the Lower Quartzite, showing that the
outlines given on the map, though from somewhat meager data, are in the main correct and that the
formations basin up to the westward. This drift has also discovered a westwardly dip in the Lower
Quartzite, proving further the existence of the anticline which had been assumed to exist here.
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To the northeast of the Roberts shaft pay ore is cut off by a body of
black iron, into which it passes so abruptly that the latter often forms a
wall 20 feet in height. Above the black iron is a body of blue lime-sand
about one hundred feet in extent. Beyond the ore stopes in the vicinity of
the shaft, exploring drifts on the lower (284-foot) level connect to the north-
ward with Carboniferous No. 5 shaft, and from there to the westward with
Chrysolite No. 5 shaft by an up-raise to the 316-foot level, all in barren
vein material. From Carboniferous No. 5, the bottom of which is in disin-
tegrated Parting Quartzite similar to that cut in the Roberts shaft, a drift
runs due north through White (block) Porphyry and at 200 feet from the
shaft cuts White Limestone, which is slightly iron-stained at the upper sur-
face.  Still farther north, beyond the limits of the Chrysolite claims, the
Silver Wing shaft was sunk through White Porphyry into a body of iron
vein material, which is evidently a replacement of the upper portion of the
White Limestone. Explorations were conducted here under great difficul-
ties, owing to the immense in-rush of water, and, so far as they went, did
not disclose enough pay ore to justify the owners in pursuing them further.

The evidence of these northern workings is very conclusive as to the
basining-up of the formation to the northwest, and this evidence is further
confirmed by the several shafts to the east of the Silver Wing, the Buck-
eye, Hazzard, Hercules, Comique, and O. K., all of which have found a
considerable body of iron vein material, either at the rock surface or under
a thin covering of White Porphyry, which represents the outerop in this
direction of the Blue Limestone horizon. As in the Silver Wing, the great
in-rush of water has proved a bar to extended explorations from these shafts.

The Gray Porphyry dike separates the two main ore shoots of the
Chrysolite ground. Little can be determined about the form of this body
in depth, as explorations have not proved it below the Blue Limestone hori-
zon. It may be simply a transverse sheet, cutting diagonally across the
formations and assuming a vertical position as it approaches the present
rock surface. Still, its form, so far as traced, is sufficiently characteristic of
the dike type to justify the assumption that it is rather a true dike than a
transverse sheet, though the distinction, so far as the deposition of ore is con-
cerned, is comparatively unimportant. It is 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 has been favorable to the deposition 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 sulphurets in a much larger
proportion of unreplaced limestone than now exists, and the secondary
action of oxidation, which has been going 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 western 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
elsewhere. The 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 uninterruptedly across
this break in its upper line. It was just to the north of the dike, in the
Little Chief ground, that the thickest body of pay ore was found. The ore
body in the extreme southeastern portion of the Carboniferous claim was also
very thick; but, being among the earlier discoveries, the workings had
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 bodies 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 sand carbonate, with chloride of silver, and had an
unusual amount of barite in the gangue. This ore oceurred mainly in the
upper part of the ore horizon, resting in general on chert, with barren iron
and clay below. This same upper ore body also covered a considerable
area northwest of No. 2 shaft, 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 sometimes
occupied the whole horizon, and which along the Vulture line was overlaid
by a considerable body of lime-sand and unreplaced dolomite. On this
northwest 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 seems to occupy a trough in the formation, the ore horizon,
represented by comparatively barren vein material, descending towards its
axis from either side These descents are sometimes so abrupt as to suggest
a slight movement of displacement. To the southwest of this line the ore
bodies, which are very irregularly distributed, extend up to the Wash. They
follow two radiating lines from the main ore body, the one in the direction
of No. 1 shaft, the other intermediate between that and the drifts running
to No. 4. In either case the ore bodies descend to the southwest, which
would at first seem a contradiction to the statement that the formation has
a general dip northeast. The fact is, however, that the rock-surface, like
the surface of the ground, descends here towards Little Stray Horse Creek,
and these ore bodies, which are all that erosion has left, belong to the
lower part of the ore horizon. It therefore suggests itself that, if this lower
portion had been thoroughly prospected in other portions of the mine, other
ore bodies might have been found. Owing to the imperfection or want of
surveys, it is impossible to say whether this has been done or not.
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New Discovery No. 1 shaft is that in which the original discovery 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 this shaft then passed into the under-
lying White Porphyry. The small thickness of the iron body is here due to
the fact that the upper portion of the ore horizon has been eroded off. In
later times considerable exploration has been done from the shaft to deter-
mine whether the ground to the south is ore-bearing or not. Diamend-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-five feet, making a distance of 340
feet in all below the surface. It passed through the porphyry, finding a
thin streak of iron vein material in its midst, into the Silurian formation,
and apparently through that into the Lower Quartzite or Cambrian. Fre-
quent assays of the cores were made by Mr. Rudolph Keck, and a slight
trace of silver, amounting in some cases to ten ounces to the ton, was found
in most of the material passed through, but no evidence of any ore bodies.

To the southward a drift was run, descending from 10,347 to 10,316
feet elevation, which passed through White and Gray Porphyries, finding 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 surface. This shaft was sunk to a depth of 185
feet, and, judging from the material on the dump, must have passed through
the Gray and White Porphyry bodies and the Parting Quartzite into the
White Limestone.

An exploring shaft (No. 6) was also sunk on the ridge south of Little
Stray Horse gulch, at the southern extremity of the claim. It was driven
somewhat intermittently, and could not therefore be closely followed. The
rocks passed through were approximately as follows: Wash, 120 feet; Gray
Porphyry, 40 feet; Blue Limestone, 60 feet; Pérting Quartzite, 20 feet;
White Limestone, 20 feet. This is on the south side of the shallow anti-
cline assumed to exist under Little Stray Horse guleh. 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 assumed to be the same 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 south, reaching the upper White
Porphyry in the Lower Henriett ground.

From the relative elevation of the Blue Limestone in this shaft and in
the adjoining shafts to the southeast, the Pearson (S-14) shaft of the
Gambetta claim, the Joe Bates (S—26) shaft of the Stray Horse claim, and
the Vanderbilt (S—25) shaft, there is evidently a break or a sharp fold in
the formation to the east of this shaft. On the section both are assumed to
exist, and the fault to be the northern continuation of the Carbonate fault.
It must be stated, however, that it has not yet been cut on this ridge, and in
so far its existence is a matter of pure hypothesis. There is unquestionably
an anticlinal fold here, however, which can be traced northeastward into
the Dunkin ground.

Little Chief.—This claim is analogous to that of the Evening Star, on
Carbonate Hill, in that, being a narrow piece of ground left between two
adjoining claims, it included within its area an unusually large proportion
of ore-bearing ground. Its width is only 250 feet, instead of the normal
300, and the title to part of this was contested by the overlapping of the
south end of the Little Pittsburgh claim. The outlines of the full claim
are given on the map, as well as the broken line which was adopted as a
compromise boundary between the contesting claims. As in the ground
previously described, there are two main ore bodies, a southern and a
northern, separated by the porphyry dike and an area of barren ground.
The porphyry dike does not, however, reach the rock surface, as far as
known, and in the western portion of the claim the ore body is continuous
over it, and forms a connection between the northern and southern bodies
along the Carboniferous and New Discovery lines. Here also, the southern
body, at its outcrop immediately beneath the Wash, was the first opened.
The original workings were reached through the small shafts Nos. 1, 2, 5,
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 surface, in a thickness of ten to twelve feet. The shaft was afterwards

1No. 5, which is the southernmost shaft on the claim, is wrongly numbered on the map No. 3.

MON XIT——30
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sunk through the underlying White Porphyry and reached the Silurian
formation at a depth of 198 feet, finding 2 feet of iron® at the top and
penetrating it 16 feet. No. 5 shaft, due south of this, after passing through
63 feet of Wash, struck the underlying White Porphyry, and reached the
Silurian formation at a depth of 159 feet. The ore bodies reached from
No. 1 shaft are at an elevation of about 10,400 feet, and lie directly beneath
the Wash. Those opened by No. 7 shaft are about fifty feet lower, and are
covered by White Porphyry and by a thin sheet of Gray Porphyry which is
seen in a drift leading from No. 2 shaft. The ore body in this portion of the
workings was nearly horizontal and from one to two and a half sets of timber
in thickness (8 to 20 feet). North of No. 2 shaft, however, the formation
dips rapidly to the northward, and on the line of Section J a considerable
body of unreplaced Blue Limestone, occupying almost the whole thickness
of the ore horizon and underlaid by Parting Quartzite, is developed by an
up-raise from the 320-foot level ; a little south of this up-raise iron is found
to rest directly on the Parting Quartzite, thus affording a direct proof that
it replaces the limestone. A drift runs east and west 150 feet, at the level
of the bottom of the up-raise, in this body of unreplaced limestone. This
body of limestone differs from the smaller masses of lime-sand hitherto
observed, in that the ore deposition has gone on above rather than below it.

Gray Porphyry dike—'T'he dike lies immediately north of this body of un-
replaced limestone. So far as observed it nowhere reaches the rock surface
within this claim, but ends at the top in a rounded end, as shown in Section
J. Shaft No. 3, near the Carboniferous line, is sunk through Wash into
ore, and at its bottom is directly in the dike. By the outlines of the dike,
shown on the sides of this shaft, it is seen that it here stands nearly vertical,
dipping at a steep angle to the north. Drifts to the north and east from
the bottom of the shaft pass out of the Gray Porphyry directly into the
ore body, and cross-cuts south from the main eastern drift strike it again, in
some cases stopping at the dike, in others passing through or over it to connect
with the south 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 term ‘“iron,” as used in these descriptions, is the miner’s abbreviation for vein material
carrying more or less iron oxide,
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timbers, filling old stopes which were completely inaccessible, so that its
connection between observed points in Little Chief and Carboniferous
ground could not be examined. For this reason, in Section B, which passes
through this portion, the dike has not been represented at all, though the
plane of the section would cross it diagonally, and it undoubtedly is cut by
that plane in some point. It is said that it is only 4 feet in thickness at
this point, and that ore existed both above and below it; this statement
must, however, be accepted cum grano salis.

Immediately north of No. 3 shaft an exceptionally thick body of ore
was found, composed almost entirely of sand carbonates, mixed with a certain
amount of clay and iron oxide. It extended at its 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 westward with the
Carboniferous ore body.

The newer workings of the mine are opened by two large three-com-
partment shafts, the-Daly shaft and No. 4 shaft, from which regular rectan-
gular systems of drifts are run. The greatest and most continuous develop-
ment of ore is along the northern flanks of the dike, but the great thickness
of pay ore found near No. 3 shaft seems to be local in character, as at 120
feet north it has decreased to 10 feet in thickness, and at the bottom of No.
4 shaft it is only five or six feet thick. No very large bodies of ore have
been found north of No. 4 shaft, but a number of small chambers and pock-
ets have been found south and west of the Daly shaft. This shaft passed
through 103 feet of Wash, 20 feet of decomposed White Porphyry, and 50
feet of silicious iron.  To the north of it several small bodies of dark, coarsely-
cerystalline blue limestone were found in the vein material, but no consider-
able ore bodies. The formation, as shown on Section J, is horizontal, or
rising a little to the north, but to the northeast, beyond the Daly shaft, it soon
commences to dip at a considerable angle, and yields considerable water,
which forms a serious impediment in prospecting. Except in the north-
eastern portion, the Little Chief ground may be considered to have been very
thoroughly prospected, and, as shown by the map, little or no useless expense
has been incurred in prospecting at the southern end of the claim, where the
ore horizon has been removed by erosion. The ore itself differsin no essen-
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tial point from that taken from the adjoining mines. In the commence-
ment it was smelted in a furnace, belonging to the company, situated near
the shafts, and built on a very uncertain foundation, as with large chambers
opened so near the surface the ground was bound to settle. It was soon found
impracticable, moreover, to smelt with the ore of a single mine, and the ad-
vantage gained in transportation for its own ore was more than counterbal-
anced by the cost of that brought from other mines. This scheme was, there-
fore, soon abandoned, and the slags were afterwards used as a low-grade ore.

Little Pittsburgh. — Besides the New Discovery claim, already described,
the Little Pittsburgh Company owns also the Little Pittsburgh and Dives
claims, which occupy the area between the Little Chief and Amie claims,
and overlap each, so that a compromise boundary line has been adopted in
cither case between them. As in the ground previously described, there
are two distinct ore bodies; the one at the outcrop, the other immediately
north of the dike. The dike itself is here more clearly defined than before,
and stands with a dip of 70° to the north. In the body of vein material
are found several thin sheets or stringers of porphyry, probably offshoots
from the sheets of White Porphyry, which in the adjoining ground of the
Amie mine have split the Blue Limestone, now represented by sheets of
vein material, into three distinct portions, as shown in Section H.

The first prospecting shaft sunk on Fryer Hill was the Little Pitts-
burgh No. 1 shaft, and by a singular coincidence not only is this the point
where the overlying Wash has the least thickness over the entire surface of
the hill, but it is where the rock surface is highest 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 Wash and 16 feet in
ore. Near the bottom of the shaft is a large bowlder of Sacramento Por-
phyry which has fallen from the Wash, and whose under surface is polished
and striated, showing that in its passage from the head of Evans gulch it
probably was fastened in the bottom of the Evans glacier. The ore body
opened by No. 1 shaft is only the relic of a much larger mass that has been
partially removed by erosion, as is shown graphically in Section 1. It
will, therefore, be understood that the description applies to this relic,
not to the original body. To the south it thins out rapidly, having dimin-
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ished to 4 feet at 40 feet and to 18 inches at 70 feet from the shaft. In
the end of the south drift, underlying White Porphyry and overlying Wash
are both visible. An east-and-west drift explores the whole width of the ore
body, reaching continuously into Little Chief ground. The body is nearly
level, and in the southern portion has a slight inclination to the south. Its
greatest thickness is from sixteen to twenty feet. Wherever its upper sur-
face has been reached, the Wash is found resting directly on it. West of
No. 1 shaft the underlying White Porphyry comes up to the level of the
east-and-west drift just south of that drift and dips gently to the northward
on the other side of the drift. East of the No. 1 shaft, near the boundary
of the claim, the ore horizon consists principally of chert. Following this
boundary northward the chert passes into black iron, and contains thin
sheets of White Porphyry from one foot to two feet in thickness. In the
abandoned workings just south of No. 2 shaft a winze was sunk 120 feet,
entirely through White Porphyry, which was finally abandoned on account
of great influx of water.

At No 2 shaft the ore body was 17 feet thick, and lay immediately
beneath the Wash. About thirty feet north of this shaft the first White
Porphyry in place was found overlying the ore. North of this line the
ore horizon, which hitherto has been very flat, dips rapidly to the north,
the incline which follows it descending 20 feet in a distance of 50 feet.
From the foot of this incline run connecting drifts to the northern body,
which develop, on the ore horizon and immediately above the underlying
porphyry, masses of manganiferous iron and compact reddish chert, coated
frequently with crystals of pyrolusite. The chert which is developed in
the ore horizon, and which is one of the normal replacement products of
the Blue Limestone, though very similar, yet differs somewhat from the
coneretions of chert found in the unaltered limestone, and which are very
commonly included in the White Porphyry immediately above the contact.
The latter is always compact and homogeneous, while the former readily
splits into angular fragments, and its joints are frequently coated with deli-
cate crystals.

The connecting drifts from the foot of the incline pass through this
barren vein material, or through the White Porphyry under it, and crossing
the Gray Porphyry dike, reach the northern ore body beyond it.
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The foot-wall of the dike is here not very distinet, but the hanging or
northern wall has a smooth, well-defined face, standing at an angle of 70°,
The porphyry of the dike is often very much iron-stained in this ground, for
which reason on the foot-wall it is sometimes almost impossible to distinguish
between vein material and dike.  On the hanging wall, however, there is
generally a sort of clay selvage, with polished surfaces. The outline of
the dike is very irregular, as shown by the fact that the hanging wall in this
ground varies in angle from 75° to 45°, though the steeper dip is the pre-
vailing one.

In the northern body the rich ore comes directly up to contact with
the dike. It consists mainly of hard carbonate. Near the No. 4 shaft it
is very thick, averaging about thirty feet, and in one part reaching 45 feet.
It is practically continuous eastward to the No. 3! shaft, where it is again
30 feet thick, and beyond that into the Amie ground. To the northward,
however, the rich ore bodies are very irregularly distributed in the ore
horizon, and the ore horizon itself is apparently rather irregular. It has 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 the rich ore
bodies and the black iron or chert are very abrupt also, and often con-
founded with those of the formation. As the drifts were mostly run with
no other system than to follow these rich ore bodies, it was very difficult,
in the absence of any systematic 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 those
working the mines by this want of system, it may be mentioned that a
drift was run back southward from near No. 4 shaft into the porphyry dike
for 30 feet, and then a raise was put up in search of the ore bed, which
was abandoned, after being driven up 35 feet, on account of the danger of
caving as they approached the Wash. The manner in which explorations
were carried on from No. 5 shaft, to the north of No. 3, further illustrated
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

!The number of this shaft has been omitted on the map. It can readily be distingnished, how-
ever, by its position near the eastern boundary line and a short distance north of the dike.
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distance of 10 feet, and was then continued 70 feet in the overlying por-
phyry, at every foot increasing its distance from the ore horizon. The
main level from this shaft running northeast also passed out of the chert
into the overlying porphyry, and at about forty feet from the shaft a winze
was started to search for the ore below; this was, however, abandoned
after going 15 feet, and an up-raise was started which was persistently con-
tinued in the overlying White Porphyry to a height of 70 feet, when the
Wash was reached.

Under these circumstances it is difficult to say 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 soon reached by exploring drifts,
at which the influx of water was too great to be handled by the pumping
appliances in use, and exploration became expensive and was easily discour-
aged when rich bodies were not readily found.

No. 6 shaft was sunk to a depth of over two hundred feet, passing
through 93 feet of Wash, 75 feet of White Porphyry, and 42 feet of vein
material with a porphyry streak in the middle, into Parting Quartzite, and
then into the lower sheet of White Porphyry. Drifts to the northwest from
this shaft find small masses of dark crystalline limestone in the vein mate-
rial, similar to that found near the Daly shaft, in Little Chief ground. The
two northern shafts, No. 8, on Dives ground, and Winnemuck shaft No. 7,
had not reached the ore horizons at the time of examination, but had passed
through a sheet of Gray Porphyry above the White Porphyry. This is
probably a part of the main sheet of Gray Porphyry corresponding to that
in Little Stray Horse Park, which once covered the whole of Fryer Hill,
but has since been removed by erosion.

Beyond the limits of the Little Pittsburgh claim the Four Per Cent.
shaft 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

Amie mine—The Amie 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 porphyry 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 side,
having a clay selvage and some appearance of slickensides; 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 others thirty to forty
feet, and in one case a drift was run in it 70 feet, and a raise 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 is véry small, relative
to the whole mass, and that the variation in dip may, in many cases, only
represent irregularities in the form of the body, and not variations 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 split up the ore horizon into three
portions. The upper portion represents the greater part of the Blue Lime-
stone body and furnishes the main supply of ore, the second and third ore
bodies being simply irregularly-shaped portions, which were separated at
the time of the injection of the porphyry, and have since been changed to
vein material by the action of the ore currents. As these lower bodies have
yielded but little pay ore, they have not been as thoroughly explored as the
upper one, and their outlines, as given on Sections A and H, are more or
less hypothetical.

The ore of the Amie mine is, as a rule, much richer than those already
described. Even the iron vein material often averages ten to twelve ounces
per ton in silver, in large masses, and, being comparatively free from silica,
has been profitably employed as a flux by the smelters, in place of the
Breece Iron ore which they had hitherto been using, and which was rela-
tively much more expensive. The rich ore, rﬁostly dark sand carbonates,
generally occurs at the top of the ore horizon, immediately under the over-
lying porphyry, a clayey, iron oxide, with more or less manganiferous or
black iron, forming the base of the horizon. Chert is much less widely
developed than in the previously-described mines. A considerable amount
of so-called *Chinese talc” is found throughout the rich ore bodies, doubt-
less the product of alteration of stringers of porphyry in the original
limestone. 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 might
oceur, so that the statement, that the southern ore body previously observed
does not extend as far east as this, rests on rather negative evidence. In
only one point in the southern workings had a raise been made which found
the Wash resting directly 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 Amie mine have been intelligently and systemat-
ically conducted from the very commencement, so that it has had advan-
tages in the cost of extraction of ore over other mines, and has been able to
mine even the low-grade iron at a profit. Two compartment shafts, No. 1
and No. 2, each provided with cages, were sunk entirely through the first,
and at that time the only known, ore horizon, near the east and west limits of
the claim, respectively. These were connected by a main level, provided
with a tramway, from which cross-drifts underrun the main ore body, so that
in mining the ore requires but one handling, falling directly from the stopes,
through ore shoots, into the mine cars in which it is taken to the surface.
Shafts No. 3 and No. 4 were sunk later, to explore the ground to the north
and south of the main ore body, respectively.

The thickness of different rock formations passed through by these
shafts will serve to show their irregularities and part of the data on which
the sections have been constructed. They are as follows:
| |
| | |
, | .

|
| Feet. | Feet. | Feet. Feet. f Feet. Feet. | Feet. Feet. Feet.
| 6 20 | 4 20 |

Wash | White 'Iron vein ‘White Iron vein White ‘Iron vein ‘White Silarian
| Wash- | porphyry. | material. | PorpLyry.| material. | Porphyry.| material. | Porphyry. | formation.

| No.1 shaft .... 75 ) b oaep 20 20 e
| No.2 shaft ....[ 75 | 25 | 10 70 15 20 4 46 m
| No.3shaft ... 125 | % 5 10 PR R T SO P LR SRR
| No.4 shaft ... 50 ; 25 25 12| 3 12 3 L e

The main level, which has an elevation of 10,365 feet, is 150 feet and
160 feet below the collars of No. 1 and No. 2 shafts, respectively, the col-
lars of these shafts being placed about ten feet above the ground to allow
space for the dump. No. 2 shaft, it will be observed, has been sunk to a
considerable depth in the Silurian formation, in which it has developed the
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White Limestone, with its characteristic 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 has a general dip to the north-
east, although, as defined by its general contact with the underlying por-
phyry, it inclines locally to the northwest near the Climax boundary. The
main dip of the formation is, however, to the north, and, as in the previously
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 developéd by the drift driven from No. 1
shaft to connect with No. 3, is remarkably full of chert fragments, most of
which appear to have been simply caught up in the porphyry flow; some,
on the other hand, are apparently ségregations 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 overlying 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 has thickened
to nearly 50 feet, of which the upper 30 feet are in pay ore, mostly rich
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 alre:;tdy 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 smaller proportion of pay ore. Explorations to the northward, as
far as conducted, find a large proportion of barren ground in the ore hori-
zon, and, as elsewhere, the influx of water as the formation descends 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.!

Climax mine.—The Climax claim is parallel to and adjoins the Amie on
the east. The structural conditions are, however, somewhat different in the
two claims. The ore horizon is still split up into several parts, but, owing
to the erosion of the crest of the anticlinal fold, which runs northeastward
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 outerop
of what remains runs northeastward nearly parallel to its side lines.

The mine has been worked only intermittently and without much
system, and, as a considerable portion of the workings were inaccessible at
the time of visit, information in regard to them could only be obtained by
word of mouth, and leaves much to be desired in point of completeness and
reliability. The general outlines of the structure were, however, sufficiently
well determined by the examination of those workings which were acces-
sible, and the uncertainty exists mainly with regard to details of ore dis-
tribution. ‘

The mine workings consist of two disconnected groups, a southern and
a northern, the former of which followed the eastern extension of the Amie
body, the latter the western extension of the Dunkin body. Between these
are the contract or leased workings, which, as their name implies, were
worked by other parties under leases, of which no plats could be found, and
about which little information could be obtained.

The southern workings are opened by shafts No. 3 and No. 5, shafts No.
4 and No. 6 having been sunk independently to explore the ground further
south and not connected with these workings. Of No. 6 it is only known
that it was sunk through 160 feet of Wash and reached a body of iron
vein material in the top of the White Limestone. Shaft No. 4 cut two
bodies of vein material, which are probably part of the lower ore horizon
of the Amie mine, before reaching the White Limestone. It would seem
probable that the drifts from this shaft might have cut the porphyry dike.
Unfortunately at that time miners made no distinction between White and

Gray Porphyry, and no definite information on that point could be obtained.

I'Since the close of field-work a considerable body of rich ore is said to have been opened by the
Decr Lodge shaft, which is situated near the Climax line, not far from the Virginius shaft.
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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 Amie line. Drifts were run to the north and west and
to the southwest on this level; the former passes at 20 feet from the shaft
into the upper ore horizon, whose lower portion consists of soft 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 Amie, from which
considerable rich ore was taken. The southwest drift runs mostly in the
underlying porphyry, in which are several thin streaks of ore and of Chinese
tale. To the west of this drift, near the Amie line, are old stopes, from
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 first
it was supposed to be worthless, but on examination was proved to be
extremely rich, assaying as high as 1,600 ounces of silver 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 subsequent to the
process of erosion.

No. 5 shaft was sunk later and passed 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 northwest, on the 383-foot level, from this shaft, 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 Amie
"mine. A drift to the northward, on the other hand, finds quartzite in the
midst of the porphyry, which is supposed to be a detached portion of the
Parting Quartzite, as shown 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 Wash and 30 feet of iron vein material. Drifts to the south and west
rise to the overlying Wash at their extremities, but develop no ore bodies.
To the north the workings follow some thin streaks of pay ore standing
nearly vertically in the iron vein material.

!The number of this shaft has been omitted on the map; it lies near the Dunkin line, about one
hundred feet southwest of No. 1.
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Climax No. 2 shaft is 138 feet deep, of which the upper 90 feet are in
Wash and the rest in the body of vein material, which is here separated into
two parts by a sheet of very compact White Porphyry, as shown in Section
E. This dividing porphyry, which is only 18 inches thick in the north-
western part of the workings, dips to northeast, increasing in thickness
as it goes down, reaching four feet at the Dunkin line, and at Dunkin No.
2 shaft merging into the main lower body of White Porphyry. The prin-
cipal ore body, which is found directly above this dividing porphyry, has
a thickness of about 8 feet, increasing to 16 feet along the line of the
Dunkin claim. The vein material here consists largely of highly manga-
niferous iron, with clay and chert generally at the base. The workings
northeast of No. 2 have been carried up to the Wash, which here consists of
sand and rounded pebbles, without meeting clay or the influx of water which
are almost invariable accompaniments of the Wash. At Climax No. 1 shaft
the ore horizon was found directly below 100 feet of Wash,in a single
body 38 feet thick. This shaft was sunk to a depth of 220 feet, reaching
some iron vein material in the bottom. which is supposed to be at the top
of the Silurian formation, as in Climax No. 6. The lower north-and-south
drift from No. 2 shaft, which is mainly run in the White Porphyry below
the ore horizon, also cuts White Limestone at its southern end.

Virginius mine.—The extreme southern end of the Virginius claim over-
laps the northern end of the Climax ground, and along the south line of
the former two shafts have been sunk to the ore horizon and connected
by drifts and winzes, the workings descending in steps towards the west.
The main, or No. 2 shaft, was sunk through 136 feet of Wash, 40 feet of
porphyry, and forty to fifty feet of vein material, passing at the bottom
into dolomite and sand, which were dipping northwest. The vein material
here was impure, containing much manganese, with clayeyand 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.

Drifts and stopes connect with the No. 3 shaft, near which a small body
of ore was taken out, which ran about forty ounces of silver 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 White
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 seem to justify the expense that would be necessa-
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 because 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, observed 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 shows, been entirely eroded
off the Dunkin ground and the claims to the south of it. Whether the
outcrop of the porphyry dike is entirely wanting between the Amie and
the northeast corner of the Big Pittsburgh claim, as represented on the map,
is not known, since there are no underground explorations in this area from
which data may be obtained. It is most probably continuous in depth, but
has not been indicated as outcropping, on the principle of representing as
far as possible only what is actually known. The great breadth of outerop
of the ore horizon on the Dunkin ground is due to the fact that it lies 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
still 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 shafts, 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 used. The main working shaft is No. 2, near the
center of the claim, as well as of ore developments. From this three sets of
levels 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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starting about fifteen feet below the Wash and the second near the base of
the ore horizon. The third level is in the Parting Quartzite at the shaft.
No. 1 shaft was sunk through the underlying White Porphyry to the White
Limestone, and is connected with No. 2 only on the second and third levels.
Old No. 1 shaft found twenty to thirty feet of vein material above the por-
phyry. No. 3 shaft found the vein material directly beneath the Wash,
and was sunk through it into Parting Quartzite and underlying porphyry.
Only the third level connects directly with this shaft.

The most important ore body occurs between the first and second levels,
extending southeastward from No. 2 shaft into the Matchless ground. Tt
averaged from ten to sixteen 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 drifts from the first level pass,
to the southeast, rapidly into a body of black iron above the ore body and,
to the southwest, into black iron and reddish silicious iron. At the end
of a drift to the south a coarse sand is found at the top of the ore horizon,
which in some cases is found to be impregnated with silver, and constitutes
a rich ore. The west drifts in the second level, after passing through com-
paratively barren vein material, cut diagonally across the parting sheet of
White Porphyry, which has already been noticed in the Climax ground,
and reach the eastern end of the Climax ore body, immediately underlying
this sheet of White Porphyry. The ore here consists of galena and sand
carbonates.

In addition to the ore bodies above mentioned, later explorations have
discovered numerous small bodies or patches of ore in the upper part of the
ore horizon, immediately under the Wash. An interesting occurrence here
was a mass of angular fragments of White Porphyry, cemented together by
galena. The rich white sand noticed in the Climax ground was also found
here in places. The galena in this mine is generally coarse grained, and
sometimes exceptionally rich in silver; as elsewhere its tenor in silver is
usually higher than that of the carbonates. A mill run of galena from the
upper workings yielded 500 ounces of silver to the ton.

On the third level no pay ore has been found, but the developments are
interesting from a structural point of view. It runs northeasterly through
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the middle of the claim from the bottom of No. 1 shaft to 160 feet beyond
the bottom of No. 3 shaft. At No. 1 shaft, and for 40 feet north of it, it
runs in White Limestone, dipping 20° northeast, which is more or less
stained, and occasionally replaced by clayey iron oxide. It then runs into
decomposed and iron-stained porphyry, whichis in places so laminated that
it might be mistaken for a shale. The Parting Quartzite, which is disinte-
grated and contains thin layers of bluish shale, comes in at 160 feet from
No. 1 and continues for 100 feet, lying nearly horizontal, and probably
represents a minor roll in the formation, as shown in Section D. Beyond
No. 2 shaft the quartzite gives way to compact White Porphyry, in which
a cross-cut to the east shows the iron body resting on it and dipping east-
ward. At the bottom of No. 3 shaft the Parting Quartzite is again cut,
here being above the White Porphyry and immediately under the iron
body or ore horizon. The drift then runs for 80 feet through the iron body
and suddenly passes into decomposed Blue Limestone, which, on the sides
of the drift, has all the appearance of the solid unaltered rock, showing the
stratification planes dipping northeast at 40°, the characteristic ribbings of
white spar, and an occasional fossil resembling a Euomphalus, but which
when taken into the hand immediately crumbles into fine lime-sand. A
partial analysis of this lime-sand is given in Appendix B, Table VI, which
shows it to have the normal proportions of lime and magnesia contained
in the unaltered rock. Toward 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 has caved, showing decomposed
White Porphyry immediately above the limestone and Wash a little distance
above that This point, it will be observed, is almost opposite the workings
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 water.

Matchless— The Matchless ground, which lies next east of the Dunkin
claim, has been relatively little explored, probably because in early days
it was considered unpromising ground, since the few prospecting shafts that
were sunk did not strike rich 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 shoot of the hill, extend into it, and may be
reasonably expected to join together on this ground. Moreover, it has a
large extent of unexplored ground in the northeastern part ot the claim,
which, though less promising than the southern part, is certainly worth
prospecting.

The Discovery shaft and the Main shaft were sunk, the one to the
south, the other to the north of the continuation of the Dunkin ore shoot.
The Main shaft was sunk through 110 feet of Wash, 20 feet of White Por-
phyry, 15 feet of chert, 30 feet of iron, and through the underlying 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, several small layers of lime-sand were found immediately under
the overlying White Porphyry, which was itself much decomposed and full
of segregations of iron oxide The ore horizon, where cut by this shaft,
contained little or no pay ore, but where the Dunkin ore body was found
to extend to the Matchless line it was followed into the ground of the latter.
Here it has a width of about forty feet and is from eight to sixteen feet in
thickness. It extends in a northeasterly direction and descends rapidly to
the eastward. The vein material is a cherty or silicious iron, and the pay
ore a reddish clayey mass of sand carbonate,yielding much lead and silver.
At the time of visit no connection had been made between this ore body
and those to the east and south.

The Leonard or southern shaft was sunk to strike the continuation of
the Lee body, which had been found to extend across the wedge-shaped
portion of the Hibernia claim, between this and the Lee ground. It was
sunk through 95 feet of Wash, 10 feet of ore, 15 feet of chert, and 12 feet
of quartzite to the underlying White Porphyry. As far as at present
explored, the rich ore body is confined to a narrow strip of ground along
the Hibernia and Big Pittsburgh lines. It lies upon the Parting Quartzite,
either directly or separated by a floor of chert, and therefore occupies the
very lowest portion of the Blue Limestone horizon. In the northeast corner
of the claim it abuts directly against the Gray Porphyry dike, which still
dips to the northward at a steep angle. Although narrow, the ore body is

MON XII—31
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very thick, reaching 30 feet in places, and is extremely rich. This ore
differs from any hitherto observed on Fryer Hill in that it is almost entirely
free from lead. Its silver exists as fine particles and films of chloride or
chloro-bromide, disseminated through an ocherous sandy mass, and some-
times coating the cracks and cleavage faces of the chert. Another differ-
ence between this ore body and those of the portion of the hill already
deseribed is the small amount of manganese found, and the condition of
the iron oxide, which is here more generally anhydrous, whereas in other
parts of the region it is always hydrated or in the form of limonite.

Hibernia and Big Pittsburgh—These two claims will be described together,
as the only portion of them yet found productive is the extreme northern
edge, where the western continuation of the Lee ore body extends a short
distance across their lines. 'The Gray Porphyry dike is here about thirty
feet wide and very well defined, cutting across the Blue Limestone horizon
into the underlying White Porphyry; and pay ore has thus far been con-
fined mainly to its northern flanks, though, as will be shown later, there is
good evidence for assuming that the continuation of the southern ore shoot,
as developed in the ground to the westward already described, once existed
here also, and that it should be sought for further east, where the ore hori-
zon has not been removed by erosion.

The Hibernia shaft, which was sunk just south of the dike, passed
through 100 feet of Wash into soft black iron, with chert at the base and a
little pay ore, having a total thickness of about twenty-five feet. Drifts
run northward from the shaft across the dike to connect with the stopes in
the little triangular or wedge-shaped point of the claim beyond. These
stopes were five sets of timber high, and the little triangular area was an
almost solid mass of rich ore: near the top was a layer of chert extending
from the Lee ground, which was there supposed to be the top of the ore
body; it was here broken through and the ore found to extend up to the
Wash. The quartzite floor dips northward into the Matchless ground:
Southward from the shaft a prospecting drift runs over two hundred feet
in the underlying White Porphyry, striking the Parting Quartzite at the
end. A cross-cut to the eastward from this drift finds barren iron resting
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 runs through White Porphyry, which
connects with the McCormick shaft of the Big Pittsburgh, on the dividing
line between the two claims. This shaft was sunk by Mr. Tingley S.
Wood, superintendent, after explorations in the southern portion of the claim
had proved fruitless, with the idea that a portion of the Matchless body
might be found within the Pittsburgh lines. His expectations were real-
ized, and a narrow strip of very rich ore was found north of the dike, and
directly under the Wash, being, as the map shows, the extreme southern or
lower edge of the Blue Limestone outcrop. . From this shaft two cross-cuts
were run northward across the porphyry dike toward the north line of the
claim, and an up-raise made along that line disclosed the ore body above
the White Porphyry or Parting Quartzite, as the case might be. Up-raises
were also made in the porphyry dike, which showed that it extended up to
the Wash, or, in other words, outcropped. Owing to a surveyor's error the
line drift wasrun on the Matchless side of the boundary line; but, the error
being discovered, the Matchless was reimbursed for the ore taken from its
ground. What is known about the balance of the ground owned by the Big
Pittsburgh Company will be given below in the description of the southern
portion of the map.

Robert E. Lee.— This claim, in spite of its small area, has been among
the greatest silver producers in the district. It has been owned by differ-
ent individuals, and for various reasons it has not been possible to obtain
very trustworthy figures with regard to the actual value of its product.
The ore has been remarkable for its high tenor in silver end its freedom
from lead. It is also very silicious and contains a relatively small percent-
age of iron, for which reason it is by itself not so well adapted for smelting
as the average ore of the district, and a great deal of the low-grade ore
from the mine has been reduced by amalgamation. The ore horizon is here
directly overlaid by a body of Gray Porphyry, whose thickness could not
be ascertained. It is evidently of limited extent, as it was not cut by the

shafts of the adjoining claims. It may be an offshoot from the dike, or, as
indicated on the map, simply a small intrusive sheet. In the western por-
tion of the claim this porphyry-covering, together with the normal sheet
of White Porphyry and the main Gray Porphyry sheet above that, has
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been eroded off and the ore body extends up to the Wash. A thin quartzite,
evidently belonging to the Weber formation, is often found directly above
the ore horizon. The main ore body was almost perfectly continuous,
varying in thickness from a few inches up to twenty-five feet, and generally
overlaid as well as underlaid by dark-blue chert. At the time of visit a
layer of ore was being followed which consisted of barite thoroughly im-
pregnated with chloride of silver. The rich ore is sometimes a red sandy
or clayey mass, and sometimes consists of chert or silicious iron, whose
cracks and joints are lined with chloride of silver. The ore in general, as it
comes from the mine, is characterized by its bright-red color, due to the
presence of anhydrous iron and absence of manganese oxide.

The principal working shaft of the mine at time of visit was the
No. 2, from which two levels were run; the old No. 1 or Ladder shaft was
no longer used for the extraction of ore, and the new shaft to the northeast
of these, designed to open the ore body on the dip, was not yet working.

The main thickness and the richest portion of the ore body lay to the
south of shafts No. 1 and No. 2, between these and the dike. Directly
south of No. 2 is a small irregular sheet of Gray Porphyry, cut in the lower
level in a thickness of four to six feet, which seems to run partly with the
stratification and partly across it. Too little of this body was exposed to
afford sufficient data for determining its extent or origin, but it evidently
acted favorably on the concentration of ore in its vicinity, probably by
arresting the flow of the ore-bearing solutions and giving them time to pre-
cipitate the minerals they held in solution. The drifts in the western part
of the mine had been extended south until they reached the porphyry dike,
but, singularly enough, in the eastern 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 indefinitely in that direction ; whereas there is every
reason to believe that at no great distance to the eastward it will continue
south over or across the line of the dike. It is hardly necessary to say that
the outlines of the eastern end of the dike, as given on the map, are conse-
quently founded only on general probability, there having been no explo-
ration to determine its exact limits. The ore horizon in the Lee ground has
a relatively steep dip to the northeast, which may be taken as averaging
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about 25°. Explorations on the dip to the northeast and northwest find the
ore more irregularly distributed throughout the horizon and not so concen-
trated as in the older workings; nevertheless they indicate an extension of
ore deposition in that direction sufficient to justify more extended explora-
tions. In the early days no maps were made of the underground workings,
the services of surveyors being only called upon from time to time to deter-
mine points for the connection of drifts and for the location of shafts on
the surface. Those given on the map for this mine are the result of rough
surveys made by us in the course of our examination, checked by meas-
urements kindly given by the surveyors who had at various times been
employed in the mine. They represent only the principal drifts which
were in use at the time of examination, the intermediate ground being
largely ocecupied by stopes and drifts no longer used.

The later workings are systematically conducted from two main levels,
the 320 and the 850 foot, the station of the former being 192 feet below the
collar of No. 2 shaft. The No. 4 shaft of the Lee claim, on the south side
of Little Stray Horse gulch, finds the iron body directly under the Wash.
As yet little attention has been given to this portion of the claim, although
it certainly deserves it, as from analogy with other parts of the hill it would
seem as likely that rich ore bodies should exist under the lee of the dike
here as there, and they might extend still farther eastward.

Little Sliver. — On this claim, which lies next east of the Lee, a commence-
ment of exploration of the ore body has been made, and very promising
ore deposits are being found. The Sliver shaft was sunk through about
one hundred and twenty-five feet of Wash to Gray Porphyry, and found
the usual thin bed of shales and sandstones at the contact of this with the
White Porphyry, which were here more or less replaced by iron vein ma-
terial.

The Tip Top shaft, still further eastward, a little beyond the limits of
the map, found these shales, with a certain amount of carbonaceous material,
at a (iepth of 245 feet. In them were some small pockets of galena and
carbonate ore.

Southeast corner of region mapped.— A considerable area still remains in the
southeast part of the region represented on the map, from which the ore
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horizon has not yet been eroded. It has as yet been but little explored,
partly because of its deep covering of Wash and of the great influx of water
due to its position on the western rim of the Little Stray Horse Park basin,
and partly because the possibilities of the existence here of valuable bodies
of ore have not been generally understood The only actual developments
thus far made have been by the Surprise shaft, on the May Queen claim,
and by the Denver City shaft, on the claim of the same name. The former
found vein material directly beneath the Wash, at a depth of 140 feet, con-
sisting largely of chert and black iron at the base, with soft, clayey, low-
grade ore above. Anincline was run, following the pitch of the ore shoot to
the southwest, although the dip of the formation is here to the eastward, as
was soon shown by the western drifts, which cut the Parting Quartzite
beneath the ore horizon. Some good chloride ore was afterwards found by
up-raises which reached a higher portion of the horizon.

The Denver City shaft, in the extreme southeastern corner of the map,
is nearly on the crest of the moraine ridge which borders Stray Horse gulch
on the north. The Wash was here 180 feet deep, beneath which the main
sheet of Gray Porphyry was found in a thickness of about twenty feet. Under
this was a thickness of some twelve feet of calcareous sandstone and shale,
containing some low-grade ore, which was at first supposed to represent
the ore horizon, though it is in reality only the irregular parting of Weber
Shales left between the Gray and the White Porphyry. The true ore horizon
was afterwards struck at a depth of 231 feet, and rich pockets of chloride
ore were found in it. It was passed through by the shaft for about fifty
feet, ending in a bed of chert, with White Porphyry, so full of chert frag-
ments as to be called by the miners a conglomerate, below it.?

There is no question that a part of the Blue Limestone is already
opened by the works of this mine, but the shaft is located so near the
imaginary southeast-and-northwest line, where the lower White Porphyry
cuts across the Blue Limestone, separating it into two wedge-shaped por-
tions, that there is a possibility that a portion of this horizon may yet be left

1Since the close of field-work, large and rich bodies of ore are said to have been opened in the
Forest City ground, to the east of this claim.

2These data were obtained from Mr. Robert Bunsen, superintendent of the Denver City mine,
since the completion of field-work, and are not the result of our own observations.
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below the cross-cutting White Porphyry, since the Parting Quartzite, which
defines the base of the Blue Limestone horizon, has not yet been reached.
As-it is a question of considerable economical importance for owners of
property in this vicinity to know whether a second ore horizon is likely to
be found beneath the second White Porphyry body, the evidence on which
it has been indicated on Section C as probably not occurring beneath the
Denver City shaft will be given in some detail.

The Denver City shaft is situated in strike between the Lee mine on
the north and the Agassiz on the south, as may be seen by reference to the
larger map of Leadville and vicinity. In the former and in the Surprise
workings the whole Biue Limestone horizon is above the second White
Porphyry, as evidenced by the occurrence of the Parting Quartzite at its
base The Agassiz mine, on the other hand, is near the south point of the
wedge of Blue Limestone, while the greater part of this formation must be
below the second White Porphyry, forming a continuous sheet, except
when crossed by later intrusions of Gray Porphyry, from the outcrop on
the west face of Carbonate Hill. This lower portion of Blue Limestone
or ore horizon, on the other hand, must wedge out to the north and east,
as the upper one does to the south and west, and the question to be decided
is whether it has wedged out before the line of the Denver City shaft is
reached or not. Itis proved on Stray Horse Ridge, to the west of the Denver
City and below the lower White Porphyry, by the- Moyamensing, Joe Bates,
Vanderbilt, Pierson, and other shafts, and in the valley of Little Stray
Horse gulch by the Stonewall Jackson shaft. With regard to the latter,
it is only known that a body of vein material has been found beneath the
Wash. In the Pittsburgh shaft next north of this, however, White Lime-
stone is found directly beneath the lower White Porphyry, showing that
the wedging-out-occurs between these two shafts and approximately as indi-
cated on the map. The extension of the line of wedging-out to the south-
east, which is the general direction of the cross-cutting porphyry, would
pass to the west of the Denver City shaft, but in all probability not very
far from it, so that there is a probability that no second ore horizon occurs
there. On the other hand, as the porphyry sheets are necessarily some-
what irregular in shape, it cannot be said to be impossible that a thin sheet
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of vein material may be found, especially as the thickness already devel-
oped of about fifty feet is less than that found in many places, even where
the entire thickness of the horizon has been replaced by vein material.

Little Stray Horse guleh.—There still remains to be described the region
bordering this valley, from which the Blue Limestone or ore horizon has
been removed by erosion. The data with regard to it were mainly derived
from dumps of abandoned prospect shafts and from testimony of miners
who had sunk the shafts, and are given by the outlines on the map, in addi-
tion to which there is not much to say. It will be understood that the
relative accuracy of these outlines is dependent upon the proximity of these
shafts, since there are absolutely no rock outerops.

The Little Diamond shaft, on the Dolphin claim, just south of the end
line of the Dunkin, found a considerable body of vein material beneath
the Wash, which is the base of the ore horizon, where it has a local dip to
the southward, as shown in Section D, the lower body of White Porphyry
being exposed on the crest of this fold just east of it. The two May Queen
shafts, near the base of the Denver City hill, find only White Porphyry.
The Pittsburgh shaft, as already mentioned, passes through Wash and White
Porphyry into White Limestone. The Little Daisy and Eudora shafts find
White Limestone outcropping beneath the Wash. The new Gambetta shaft
is in Gray Porphyry, supposed to be the cross-cutting sheet seen in New
Discovery ground and on Carbonate Hill. This porphyry sheet was also
cut at different horizons by the Eudora shaft, by the Vanderbilt on Stray
Horse Ridge, by the Magnolia shaft in Stray Horse gulch, and, as already
mentioned, by New Discovery shafts No. 5 and No. 6. The old Gambetta
and Monarch shafts find the White Limestone directly beneath the White
Porphyry, for which reason it is assumed that a portion of the Parting
Quartzite has here been caught up by the porphyry and is somewhere in
it at a higher horizon.

For the lower part of the valley direct data as to the outcrops are
wanting.  On the ridge south of it the Ida Nyce and Ypsilanti shafts
have found the Blue Limestone beneath the Wash and a small amount of
vein material in it. As well as could be determined, the formation has
a slight easterly dip, as shown in Section C; but on the south side of
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the ridge in the main Stray Horse gulch there is some indication of a
westerly dip beyond a slight anticlinal fold. It is unfortunate that no
more exact information could be obtained with regard to it at this locality,
as upon the verification of the westerly dip depends in large degree the
probability of the occurrence of the ore horizon under the city of Leadville.
Its existence at the west end of Fryer Hill is, however, definitely ascer-
tained, and has been shown to be extremely probable along the west base
of Carbonate Hill, which lends force to the supposition that it also occurs
at this intermediate point.

RESUME.

From the above descriptions it is apparent that, in spite of the greater
complications of structure, the series of rock formations on this hill is
essentially the same as that on Carbonate and Iron Hills, and that the
processes of ore deposition have been essentially the same, though the
secondary alteration of the deposits, which may be mainly ascribed to the
action of surface waters, has been carried much farther. The Cambrian,
Silurian, and Lower Carboniferous horizons are found in their normal posi-
tions, the Parting Quartzite being here, as elsewhere, of somewhat variable
thickness, and the Blue Limestone horizon, which is often split up into
several portions and entirely replaced by vein material, being then defined
by this quartzite below and by the micaceous sandstone or quartzite of the
Weber Shales above.

The intrusions of porphyry are more extensive and more varied and
irregular in form. Above the normal sheet of White Porphyry, which
here as there overlies the ore horizon, with detached portions of the Weber
Shales left between, is the main sheet of Gray Porphyry, in great measure
eroded off, which does not occur on the other hills. In addition to this,
there is the second or lower sheet of White Porphyry, occurring generally
at the base of the Blue Limestone horizon, but in some places cutting up
across its lower portion and in others cutting down below the Parting Quartz-
ite; further, there are ramifying offshoots from this lower White Porphyry,
which have locally divided the Blue Limestone horizon into several dif-
ferent portions. Of later Gray Porphyry intrusions, there is the larger
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sheet, which, as on the other hills, is generally near the base of the Blue
Limestone, but which does not conform strictly with the stratification
planes, crossing them at low angles, and extending in geological horizon
from the upper part of the White Limestone well up into the Blue Lime-
stone, across the intermediate lower White Porphyry. Besides this are
several smaller bodies of Gray Porphyry not found in the other hills, the
most important of which seems to have the form of a transverse dike.

Of great faults like those on Carbonate and Iron Hills, there is no
evidence, the force of compression having only produced gentle folds and
some slight displacements of a few feet in extent, which are shown by sudden
changes of level in the ore horizon; such a one has evidently occurred along
the line of the north flank of the porphyry dike, which has slickensides
surfaces, and shows in some cases a slight difference of level in the ore hori-
zon on either side.

The process of ore deposition has been evidently the same metasomatic
change or replacement of the limestone by ore and vein material, only it
has been carried so much farther that, instead of a body of limestone with
a little vein material extending irregularly from its surface downwards,
there is found here only a mass of vein material with occasional irregularly-
shaped residuary masses of unreplaced limestone or lime sand. Owing to
the irregular distribution of the intrusive masses of porphyry, whose con-
tact planes afforded channels by which the ore-bearing currents reached
the limestone, the evidence is naturally less striking that these currents fol-
lowed in general a downward course. - Still it must be borne in mind that
the greater mass of the present bodies of vein material are the result of sec-
ondary alteration by surface waters, and that this alteration having been
much greater here, it is proportionately more difficult to trace the probable
form or position of the original sulphuret deposit. In spite of this it may
be observed that in the majority of cases the rich ore, which is presumably
nearer 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 advanced 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 passage of the ore currents along these walls; but
wherever they have been examined these evidences are conspicuously want-
ing.  On the south flank the dike is generally separated from the ore body
by a barren zone, containing often, it is true, iron vein material, but evi-
dently of secondary origin. On the north flank the ore body extends up
to the dike, but it is strictly confined to the ore horizon, and does not extend
below that, the most that is found being a slight staining by iron oxides,
readily accounted for by the percolation of surface waters descending
through the ore horizon and carrying down some of its material with it. It
is unfortunate that a more conclusive test could not be afforded by the cut-
ting of the dike at a considerable depth below the ore horizon, but as this
has not been done, we must reason from the evidence that is at hand.

The apparently abnormal variation in the thickness of the ore horizon
is less readily accounted for, as has already been stated on page446; but it
must be borne in mind that the data from which the outlines of formations
have been reconstructed are very limited and irregularly distributed, being
derived from drifts run for the sole object of following known ore bodies
and without any purpose of elucidating the struetural conditions of the vari-
ous strata. '

The singular absence of lead in the Lee ore body is another excep-
tional feature of this region. It seems hardly probable that, in a district
whose silver is so universally derived from argentiferous galena or its
decomposition products, in this little spot alone silver should have been
deposited by itself. The more natural explanation would seem to be, that
the deposit is entirely secondary, and the result of the leaching of a larger
body, now eroded off, by surface waters, which carried away the lead and
left the silver. The geological position of the ore body favors this idea; it
rests immediately on the Parting Quartzite, and therefore at the very base
of the ore horizon; it is on the lower rim of a synclinal basin, which is known
to carry an immense amount of water that would naturally drain out over
its edges. 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,
which is generally found as the alteration product of galena in this dis-
trict.
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The influence of cross-cutting sheets of porphyry in producing a con-
centration of rich ore by causing a stagnation of the ore currents is shown
by the distribution of the ore shoets. Thus the northeastern body in the Cli-
max, Dunkin, and Matchless groxind lies under the lee of the cross-cutting
sheet of White Porphyry; the main ore shoot in the Amie, Pittsburgh, Little
Chief, and Chrysolite lies in a similar position relatively to the Gray Por-
phyry dike; and the southern body in the last three claims lies just 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 thickness of Wash. This
Wash, which is aloosely aggregated and permeable bowlder clay, acts like
a wet sponge. Itis constantly full of water at its contact with the rock
surface on which it rests, which water is doubtless charged with air and de-
composed vegetable matter, and thus acts more vigorously upon the rocks
than would water flowing freely over the actual surface of the ground
or that which percolates in minute channels through the solid rocks beneath
the surface. This is shown by the fact that the upper sheet of White Por-
phyry, which liesimmediately beneath the Wash, is generally reduced to a
plastic mass, in which all trace of the original structure of the rocks is lost,
while the lower sheet of the same rock is still a hard, compact rock, forming
what the miners .call block porphyry.



CHAPTER V.
OTHER GROUPS OF MINES.

MINES AND PROSPECTS IN THE LEADVILLE REGION.

Itis from the mines included in the three groups already described that
what may be considered the permanent ore supply of Leadville has been
thus far derived, and it is in these mines alone that exploitation has been
carried on so continuously and extensively as to afford an opportunity to
study in detail the character and the form of the different ore bodies and
their relations to the inclosing and neighboring rocks. For this reason they
have been described with a detail that may, in the future, seem dispropor-
tionate to their relative importance, especially when, as is likely to be the
case at no far distant day, the deposits of these limited areas shall have
become nearly exhausted and the main supply is derived from what may
now be considered outside areas. IFrom the evidence obtained during this
study it is fair to assume that a greater amount of as yet undiscovered ore
exists outside these areas than has already been developed in the small
groups already described, and that, while its exploitation will necessarily
be more difficult, owing to greater depth and large influx of water, and its
reduction will require more complicated processes, owing to a greater pre-
ponderance of sulphurets, these disadvantages will be offset by greater ad-
vantages of working, brought about by a more thorough knowledge of the
geological relations of the ore deposits and by improvements introduced
into the various processes of reduction.

With but few exceptions these outside mines have been hitherto but in-

termittently worked, and, owing to some minor differences in the character
493
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of their deposits or of their inclosing rocks, their geological structure has
been more imperfectly understood by those in charge, and the work of explo-
ration been carried on with less system and sometimes in an utterly aimless
manner. Although it bas been impracticable for these reasons to determine
with the same accuracy and detail the relations of the ore bcdies in these
outside mines as has been done for those of Iron, Fryer, and Carbonate
Hills, an explanation of their general geological structure will be of value
as a guide for future exploitation, and a consideration of the relative amount
of replacement action in different portions ot the Leadville region, as shown
by the developments thus far made in them, will afford a basis for determin-
ing the probable extent and direction of the original ore currents, and in
consequence what part of the ore horizon, which the geological outlines
have already located, is most likely to contain valuable ore bodies.

An examination of the relative distribution of vein material shown
by the outcrops, as delineated in cross-lining on the Leadville map, shows
two lines or zones along which the evidence of replacement action is most
apparent, one running ‘east from Fryer Hill to Little Ellen Hill, the sec-
ond taking more of a southeasterly course from the southern end of Carbon-
ate Hill to Long and Derry Hill. In the area between these two zones the
surface is formed by porphyry bodies which overlie the ore horizon, so that
no outcrops of vein material show on the map, except a few thin lines along
the edges of fault planes. Under these porphyry bodies in Carbonate and
Iron Hills a very large proportion of the area is already proved to be oceu-
pied by valuable ore bodies, and it may, therefore, be reasonably expected
that similar bodies exist under the porphyry sheets between these zones
farther east, 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 under Prospect
Mountain, but, as the ore horizon has been reached in few points and the
vein material has, at these few points, proved comparatively poor, the chances
of finding any considerable development of rich ore in that direction have
necessarily a smaller basis of probability than to the eastward, though the
general geological conditions favor it.
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In the description which follows, the mines will be grouped according
to the main features of geological structure already outlined in Part I,
Chapter V.

LITTLE STRAY HORSE SYNCLINE.

As shown in the previous chapter, the eastern portion of the area rep-
resented on the Fryer Hill map belongs structurally to the western rim of
the Little Stray Horse basin, and the ore horizons of the Little Sliver, For-
est City, and Denver City mines, if followed continuously eastward, would
_finally reach the bottom of the basin. The basin is bowl-shaped, its out-
lines being shown on the map by those of the Gray and White Porphyry
bodies which fill its depression.

Southern rim—Through its southern rim runs the zone of cross-cutting
White Porphyry, in virtue of which the Blue Limestone along the southern
and western rim is supposed to be split into two wedge-shaped sheets. Of
these the lower one, which thickens to the south and constitutes the entire
thickness of the horizon in the mines of Iron and Carbonate Hills, is buried
under the whole overlying White Porphyry under the northern end of
Graham Park, and its depth or condition of mineralization is not known.
The points nearest to the axis of the basin at which it has been reached are
in the Highland Mary (P-52), in Stray Horse gulch on the east, and in the
Wolftone (T-5) on the west.

The upper portion, which wedges out to the south, outcrops under the
Wash as indicated on the map, commencing to thin out near the southern
edge of the area of the Fryer Hill map, and reaching its thinnest point at the
Mahala (T—-2). It is proved in the following shafts: The Moyamensing
(S—12) strikes iron vein material, which probably forms the outcrop of the
Denver City ore body, below the Wash at 115 feet. In the Robert Emmet
mine, in Stray Horse guleh, this portion of the Blue Limestone is represented
by 50 feet of manganiferous iron, with White Porphyry above and below,
the overlying porphyry showing traces of original pyrites which have been
dissolved out. The main shaft reached the contact at 110 feet, finding a
dip of 80° N. E. and being sunk afterwards 150 feet in underlying por-
phyry. The ore thus far extracted has been taken between this shaft and
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the outerop, which crosses Stray Horse gulch just below the tunnel (S-3).
Farther south the Agassiz (T-3) finds the vein material and limestone 30
feet thick, at a depth of 45 feet, the Goneabroad (T-4) finds it at 80
feet, and the Cyclops (T-1), farther east, finds it at 148 feet below rock
surface, with a thickness of 50 feet, and passes through it into underlying
porphyry. In the Agassiz, as in the Robert Emmet, the vein material is
manganiferous iron, with carbonate ore at its upper surface, sometimes five
or six feet thick ; about five feet of quartzite are found above the contact, as
in Carbonate Hill. The dip is about 30° N. E. The Greenback shaft
(0-53) found Lake beds, the northern continuation of the Graham Park
area (see Atlas Sheet VI), beneath the Wash. The ore horizon consisted 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 southern end of the basin the
outcrops of the Blue Limestone are less continuously proved. The Indiana
(P-53) finds limestone directly beneath the Wash, while the Highland Mary
(P-52) reaches the lower body of Blue Limestone after passing through
122 feet of White Porphyry. The Rarus (P-61) passes through the edge
of the Gray Porphyry sheet directly into limestone, showing that here the
upper White Porphyry is wanting. It comes in again, however, in the
Hunkidori (P-72) shaft, a little east, which penetrated it for 40 feet, after
passing through 170 feet of Gray Porphyry and 5 feet of Weber Shales.

Western rim.—Along the western rim a number of shafts have been sunk
in Gray Porphyry, in search of the continuation on the dip of the Lee and
May Queen ore body, without having yet reached it, the influx of water
making it difficult to sink their shafts. Some had penetrated the White
Porphyry a short distance, and these had always found a portion of the
Weber-Shale, either as quartzite or as black carbonaceous shale impregnated
with pyrites, at the contact of the two porphyries. All had found Wash
from ninety to two hundred feet deep. In the Little Sliver (P—81) the White
Porphyry was 41 feet thick ; the Shamus O’Brien (P-73) had penetrated it
30 feet ; the Tip Top (P-15), 38 feet; the Union Emma (P-79), 25 {eet ; and
the Bangkok (P-77), 52 feet; while the Cora Bell (P-78), Forepaugh (P-76),
Prince of Orleans (P-71), and Olive Branch (P-70) were still in the Gray
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Porphyry and the Lickscumdidrix (P-68) bore-hole, in the middle of the
basin, has gone through 400 feet without reaching its base.

Eastern rim.— East of the above shafts the El Paso (P-65) and Little
Miami (P-58), at depths of 470 feet and 390 feet, respectively, were still in
White Porphyry, after having passed through Gray Porphyry, and through
varying thicknesses of Weber Shales both at the contact of the two porphy-
ries and within the lower body. The Kennebec (P-55), Cullen (P-57), and
Aztec (P-54) have reached the limestone after passing through the two por-
phyries, the former finding a second sheet of White Porphyry within the lime-
stone. The same sheet is found in the Cordelia IXdmondson (P-41), which
is sunk in a large body of vein material, directly below the Wash. Several
other shafts have struck the very considerable body of vein material which
replaces the Blue Limestone on this rim of the basin, but as yet no impor-
tant ore bodies have been found.

The most extensive workings are in the Chieftain and Scooper mines.
The former is opened by a tunnel (P-43), which runs southeast through
vein material, and then through limestone, compressed into gentle folds but
apparently with a slight dip west, and, at a distance of 360 feet from the
mouth, strikes granite which forms the foot-wall of the Iron fault. A
decomposed porphyry, resembling White Porphyry, is found adjoining the
fault. The limestone near the end of the tunnel is quite light colored; it
may be the White Limestone, but the structure was not sufficiently shown
to make this certain. The Scooper (P-44) shaft was sunk through 60 feet
of Wash, 20 feet of Gray Porphyry, and 5 feet of White Porphyry, to
iron and limestone. The contact with the porphyry is here very steep and
runs in a direction a little east of south, being cut by several drifts ; it was
supposed to be the line of a fault. Itis probably, however, simply an
unusual steepening of the dip on this edge of the basin, as the Indiana
(P-64) shaft, about 400 feet west of it, was still in Gray Porphyry at a
depth of 330 feet. The limestone and vein material are crushed and folded
even more than in the Chieftain, and probably from the same cause, viz,
compression against the Iron fault. Considerable very silicious, hard car-
bonate ore, rich in chloride of silver, has been taken from this mine, but
for some unexplained reason the developments have been very irregular

and without systein.
MON XIT——32
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This basin has been deseribed somewhat in detail to show how much
fruitless labor has been expended in a region whose surroundings would
lead one to suppose that it contains fine bodies of ore. Although so many
shafts have been sunk to depths of 200 to 500 feet, the contact has been
seldom reached, and even then but little explored. The main difficulty has
been the great amount of water met in depth, which could not be controlled
by the pumping apparatus in ordinary use. That such a basin should hold
a large amount of water, especially when its outcrops are crossed by two
such stream beds as those of Big Evans and Stray Horse gulches, is most
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 established to drain the whole basin from its deepest point.

YANKEE HILL ANTICLINE.

On the western slope of Yankee Hill the J. B. Grant shaft found about
eight feet of vein material between White Porphyry and White Limestone,
which is only significant as showing that replacement action has gone on
to a certain extent beneath the lower sheet of White Porphyry.

On the eastern side of Yankee Hill a large body of iron vein material
has been found, extending from the Clara Dell and Little Champion north-
ward through the Bevis and Boulder Nest mines, and thence eastward to
the Andy Johnson, which reached it after passing through 200 feet of Gray
and White Porphyries. This body consists of iron oxides and chert and
is undoubtedly much more extensive than has been represented on the
map; it contains some ore, but the data obtained with regard to it were
too meager to do more than prove the same probability of the existence
of valuable ore bodies in the synclinal basin to the eastward that exists in
regard to Stray Horse Park. The Superior (K-61) and Mountain Boy
(K-60) shafts struck a considerable body of limonite and chert on the
southwestern edge of this basin, dipping at an angle of about 30° to the
northeast. This body, which is some fifty feet thick, is supposed to be
the replacement of a split-off portion of the Blue Limestone. This supposi-
tion accounts for the apparent want in the thickness of this horizon to the
west on a line drawn through the Leavenworth shaft, as shown on the map
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and explained in Part I, Chapter V. On the other hand, it is the Weber
Shales that are ordinarily found between the Gray and White Porphyry
sheets, and in the Theresa (K-57) shaft, a short distance to the northeast,
highly pyritiferous shales were found in this horizon at a depth of 325 feet.

Breece Iron mine.—In a similar position occurs the deposit of the Breece
Iron mine, situated on a spur of Breece Hill, overlooking Adelaide Park.
This remarkable deposit of iron ore is found at the surface in two distinet
bodies, shown in open cuts, the one a short distance above the other. The
lower body has a maximum thickness of 20 to 25 feet and rests on White
Porphyry, with a mottled porphyry on the hanging wall. The upper body
is not so thick and is overlaid by the main sheet of Gray Porphyry; both
dip eastward, and the shaft (K—39) higher up the hill has been sunk through
30 feet of iron without reaching the bottom of the body, from which it may
be supposed that the two bodies have here come together. The Gray Por-
phyry has either the characteristic large crystals of orthoclase or the cavities
which they once filled. The intermediate porphyry is, however, of finer
grain, of a pinkish color, and is full of minute cavities having the form of
crystals of pyrite. This may possibly represent a tongue of Pyritiferous
Porphyry extending between the two iron bodies. Thelower (K-36) shaft
has been sunk 350 feet in the underlying White Porphyry, which, near the
iron body, is also impregnated with pyrite. The iron bodies are rather
irregular in shape and send offshoots or stringers into the surrounding rocks:
The ore is, however, massive and compact and remarkably free from earthy
gangue. It has been largely used as a flux in the smelting works, being
supposed to carry several ounces of silver to the ton, and has also been
used by the Colorado Coal and Iron Company in the manufacture of
Bessemer steel. It is a very pure hematite, with a certain admixture of
magnetite which seems to occur mainly near the outerop. It carries about
G6 per cent. of metalliciron. The complete analysis of an average specimen,
by Mr. Guyard, will be found in Appendix C. Undecomposed pyrites are
found in the ore from the upper shaft. It seems probable that this body,
like the iron bodies in the various silver mines, is the result of the
oxidation of pyrites, which were concentrated at the junction of the three
bodies of porphyry. It differs in being anhydrous, while all the others are
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hydrated ; also, in the fact that it occurs high up on the hill and free from
the ordinary covering of Wash, which, no doubt, promotes decomposition
and the chemical combination of water in rocks that underlie it. From the
staining of rocks eastward, along the outerop of the contact, and from data
obtained from shafts sunk higher up on the hill, it appears that an iron body
extends, though not continuously, for some distance to the eastward

SYNCLINE EAST OF YANKEE HILL.

The geological structure of the area between Yankee Hill and Weston
fault has been already explained in Part I, Chapter V, and is graphically
shown in Sections C, D, and L. As yet no considerable ore bodies have
been found at the ore horizon in this area; but it seems not to have received
the attention it deserves, in view of the good indications afforded by the
explorations already made. These may be briefly enumerated as follows:

The amount of vein material proved on its western rim has been men-
tioned above. On the south side, the Little Prince (K-32) shaft passed
through 150 feet of Gray Porphyry and 80 feet of White Porphyry to the Blue
Limestone horizon, which is here about one hundred and twenty feet thick
and entirely replaced by a porous silicious material, not unlike the granular
quartz gangue of the Morning Star mine. At first glance it somewhat
resembles a decomposed porphyry, and in it small irregular bodies of sand
carbonate, but no limestone, have been found. The Parting Quartzite was
found below it. On the lower slopes of the hill the Nora (K-23), Bosco
(K-28), Across the Ocean (K-31), and Great Hope (K-30) shafts were
sunk through Gray. Porphyry to the ore horizon, the first two without find-
ing any intervening White Porphyry. In all more or less vein material was
found replacing the limestone. The Onota, from which the typical Gray
Porphyry was taken for analysis, also reached limestone near the middle of
the basin. In the Great Hope quartzite was reached after passing through
60 feet of vein material. In the iron vein material some large layers of
lime-sand were found, and at 105 feet from the surface a streak of galena
five to six feet thick is said to have been passed through, but the main ore
of the mine was taken from the quartzite, which, as 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 tons of quartzite gold ore,
averaging one and a half ounces of gold and four ounces of silver to the
ton, are said to have been taken from the mine, and one lot of 3,000 pounds is
said to have yielded thirty-one ounces of gold to the ton. A dike of White
Porphyry, cut in the eastern portion of the workings, may have influenced
the concengration of ore at this point. The quartzite is probably Parting
Quartzite, though the thickness of 60 feet given for the Blue Limestone
horizon seems small, especially as it is said to have been over ninety-six
feet thick in the adjoining Across the Ocean shaft. The vein material on
the dump of the latter contained a great many quartz-lined cavities, and it
is possible that what was taken for quartzite in the Great Hope was simply
granular silicious gangue like that in the Little Prince.

SOUTH EVANS ANTICLINE.

Highland Chief mine.—The vicinity of the South Evans anticline has evi-
dently been a favorable locality for ore deposition, but the development of
the ore bodies has been retarded by the difficulty of understanding the
geological structure and the relative positions at which they occur. The
Highland Chief mine has been the most important ore producer of this
portion of the district. It is opened by a shaft on the brow of the hill
overlooking South Evans gulch and by a tunnel run in to meet it part way
down the slope. Fig. 2 represents an ideal section on a broken line drawn
through the Highland Chief shaft (L.-1), the tunnel (G-54), and the Eliza
shaft (G-58).

FiaG. 2.
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Both tunnel and shaft are driven through Gray Porphyry to the contact,
the upper White Porphyry beiug here wanting. No limestone is struck in
either, but a winze sunk a short distance from the mouth of the shaft found
it, as did the Highland Mary (G-55) and Curran (G-56) shafts close by,
which found some vein material, but no ore. Vein material rises rapidly
in the floor of the tunnel as it approaches the shaft, and the lajter is sunk
in it 170 feet below the tunnel level. The lower surface of the porphyry
sheet has a dip to the northeast, which is also seen in the eastern portion
of the workings beyond the line of the section, while in the southwest
workings there is a dip westward. In the Chemung (K-5) tunnel, which
is driven 400 feet, along the contact of Gray and White Porphyries and
then in Blue Limestone, in a southeasterly direction, from a i)()int just
below the road about seven hundred feet southwest of the mouth of the
Highland Chief tunnel, the limestone at the end is found to be dipping
westward. It thus appears that there is a slight ridge or lateral fold in
the formation, which is shown on the map by the curve in the strike of
the formations. The section, whose line is taken along the crest of this
fold, shows at right angles to it a more pronounced folding, forming an
anticlinal and synclinal structure parallel to the South Evans anticline,
which is necessitated by the intersections 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 section shows the rounded
outlines of rock surface left under the Wash by this glacier and the abrupt
slope below the Eliza shaft produced by later erosion. A dike of Gray
Porphyry, running northeast and southwest, is cut in the south drifts from
the second level of the Highland Chief mine, but does not seem to be con-
tinuous, as it is wanting in the southwest workings on the tunnel level. It
has evidently the same irregular character that has been seen in similar
transverse bodies on Carbonate and Iron Hills, and, like them, has evidently
had 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-
site and chloride of silver. The ore is relatively rich, many lots averaging
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from one hundred to two hundred ounces of silver to the ton, but it is
generally low in lead, and therefore difficult to smelt. It frequently con-
tains copper in the state of carbonate or silicate, which gives it a green
color, associated with hydrous phosphates of alumina. As far as could
be seen it is much more irregularly distributed throughout the vein mate-
rial than in the carbonate mines generally. Copper ore similar to that of
the Highland Chief is found in the Little Johnny (I"-29) and Rattling Jack
(F-28). The upper White Porphyry comes in again at these shafts, the
intermediate ones, like the Uncle Sam (F-32 and 1°-33), having found vein
material directly beneath the Gray Porphyvry. Irom the thickness of lower
White Porphyry shown in the Eliza shaft, it may be assumed that on the
line of tliis section the entire mass of White Porphyry has gone below the
Blue Limestone horizon.

Colorado Prince group.— The lower formations, which form a cliff face over-
looking South Evans gulch between the Highland Chief mine and the Col-
orado Prince fault, have been exposed by numerous mine workings. These
have been exploited in such an irregular and intermittent manner that it has
been impossible to obtain satisfactory data as to the amount or quality of
ore extracted from them. The geological structure shown by the various
shafts and tunnels that were exammed is, however, interesting, showing the
rising of the beds over the South I]wms anticline and the slight displace-
ment caused by the Colorado Prince fault. Just above the Colorado Prince
tunnel there is an actual rock outcrop of White Porphyry and overlying
Lower Quartzite, forming a steep cliff; but, on the shoulder above, the rock
surface is deeply buried under the Wash, a relic of the lateral moraine of
the South Evans glacier. The following diagram shows an ideal section,
drawn through the Colorado Prince tunnel (G-43) and shaft (G-47), and
the shafts of the Miner Boy, No. 3 (G-48), 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, which
has its own stamp mill for crushing and amalgamating its ore. According
to the reports of experts who have examined it, it has a very large body of
rich ore, but the practical_rresi_llts of work do not thus far seem to have
justified their prognosticéfidns. The management of the mill has been so
frequently changed that it was impossible to learn the actual working results
of treatment over a long enough period to determine whether the apparent
want of success was due to the quality of the ore itself or to faulty methods
of reduction. |

The deposit of the Colorado Prince and Miner Boy mines is somewhat
in the nature of a gash vein in the Lower Quartzite. It stands at an average
pitch of 75° to the east, varying between 60° and the vertical. Its strike
is about N.15° W. Tt varies in width from a few inches to five or six feet,
and in the upper workings is said to have been stoped out on a width of
20 feet. It has no distinct walls or clay selvages, and the matrix of the
ore is principally decomposed quartzite, more or less stained by iron oxides.
Near the Miner Boy No. 3 shaft it splits into two branches, one following
its 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-
composed 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 fine grained
conglomerate of rounded pebbles of quartz in a clay matrix. So far as
explored, the vein is confined to the horizon of the Lower Quartzite, the
upper 20 feet of which are calcareous. It may have extended up into the
White Limestone, but it has not yet been followed into the White Porphyry
below and shows a tendency to pinch in that direction. The ore is essen-
tially a free-gold ore and is generally stained by oxide of iron and carbon-
ate of copper. Galena occurs sparingly, having been only observed in a
few spots. Carbonate of lead is said to have been found. The first and
second class ores are generally sent to the smelting works at Argo, only
the third class.geing.to the stamp mill.

The vein seems to be the result of the action of percolating waters
along a fracture plane in the formation, which was very probably formed
at the time of the displacement of the Colorado Prince fault, with which it
has a general parallelism. The ore is probably the result of the oxidation
of pyrites, and whether it was originally concentrated in this form in its
present position or brought in as a secondary deposition from the sur-
rounding rocks it is difficult to say definitely.

The general dip of the formations in these workings is steeply to the
south, sometimes varying a little to the west and again to the eastward.
Its observed angle also varies from 35° to 60° in the Colorado Prince work-
ings, the steeper dip occurring near the Miner Boy shaft. The intersections
obtained in the Colorado Prince tunnel are shown on the section. The
Kentucky or Miner Boy tunnel was run for the following distances through
the successive formations: Lower Quartzite, 200 feet; White Limestone, 200
feet; White Porphyry, 40 feet; Parting Quartzite, 35 feet; Blue Lime-
stone, 50 feet to the bottom of shaft No. 1. These figures, it must be
remembered, are not actual thicknesses of the formations. The lower part
of the Blue Limestone as exposed.in Miner Boy No. 1 shaft is thoroughly
impregnated with oxide of iron and is said to have yielded some very good
assays. The No. 2 shaft of the Miner Boy found black shales of the Weber
Shale formation directly beneath the Wash.
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LITTLE ELLEN HILL.

On Little Ellen Hill the Blue Limestone has been found to be replaced
to a considerable extent and some argentiferous lead ore has been obtained
from it; but present explorations cover only a small proportion of its area.
The principal mines are the Virginius and Little Ellen. The Virginius
(G—-24) is opened by a tunnel run southwards along the strike of the for-
mation from the north side of the hill, facing Big Evans guleh. The lime-
stone is largely disintegrated and in the condition of lime-sand. The vein
material, as usual an impure iron oxide, is very silicious. Galena is thickly
scattered through it, but the ore is of rather low grade in silver. The
tunnel is 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 cross-cutting body of Gray Porphyry, which is
also cut in the Last Chance (G-31) shaft, immediately below the Wash.
The other shaft (G—30) of the Last Chance finds Parting Quartzite below
the Wash. The Australian (G-28) and Tenderfoot (G-26) 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 developme-nt 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 deeply buried 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 has vet had the enterprise to
attempt its exploration. It is difficult to predicate the probable thickness
of a sheet of porphyry from the width of its outerops or even from an
observed thickness at some point but little removed, since it is liable to
change rapidly, both in thickness and in horizon, from causes which are not
apparent at the surface. The depths given for the Blue Limestone horizon
under the Pyritiferous Porphyry by the various sections which pass through
this area cannot be expected to be so close an approximation to the actual
facts as when the proportion of sedimentary beds is greater. They have,
however, by no means been given at hap-hazard, but are the result of
most careful weighing of probabilities, based on a study of the whole region.

The nearest approach to an actual development of ore in the Blue
Limestone under Pyritiferous Porphyry is in the Mike mine, and the indi-
cations afforded by this favor the supposition that it will be found to be
ore-bearing when reached farther east. Another favorable sign is found
in the numerous evidences of mineral concentration in the porphyry itself.
Scattered bodies of ore have also been found in the beds of the Weber
horizon, which are sufficient to show considerable mineral action.

GREEN MOUNTAIN.

In the shales and sandstones of the Weber formation and in the adjoin-
ing Pyritiferous Porphyry bodies numerous small deposits of ore have been
struck, but of somewhat different character from those developed at the
Blue Limestone horizon. The most important of these have been found on
Green Mountain, in regard to which the following information has been
obtained.

The Ontario mine is opened by a tunnel 380 feet long and a shaft 70
feet deep, run through Pyritiferous Porphyry into micaceous sandstone and
black shale. 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 sandstones. A body of coarse-grained
galena 20 feet long by 3 feet in width was found in the porphyry, but
in the sandstone the vein proved barren. A similar depositin the porphyry
is found in the adjoining Tiger (E-22) mine. It is a gash vein six to eight
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inches wide, running northeast, with a dip of 60° to the southeast. The ore
is a mixture of galena and pyrites, one lot of which yielded 22 ounces of
silver and 22 per cent. of lead to the ton.

In the Green Mountain (E-12) mine the ore occurs in the sandstone,
and is a free-gold ore, sometimes very coarse. It was notaccessible at time
of visit, and nothing certain could be learned of the form of the deposit,
which is very probably also a gash vein.

LONG AND DERRY HILL.

Ready Cash mine—On the steep south wall of Iowa gulch formed by
Upper Long and Derry Hill is the Ready Cash mine, which is interesting
on account of its occurrence in Archean rocks rather than from its impor-
tance as an ore-producer. Its country rock is a coarse-grained, reddish
granite similar to that found at the heads of Iowa and Empire 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° E. and dips 50° to
the east; the other strikes N.45° E. and has a still steeper dip. The mine is
opened by tunnels which run into the hill in a southerly direction and cut
the veins at about three hundred and twenty feet from the surface; in one
of the upper tunnels a dike of quartz-porphyry is cut between the two veins,
in which are some gold-bearing seams. The vein filling consists principally
of altered granite, carrying free gold and some chloride of silver, with
relatively well defined walls. The deposit is evidently formed along fract-
ure planes in the granite, filling any cavity that may have existed and
replacing the constituents of the adjoining country rock. .

Long and Derry mines.— The Long and Derry mines were among the first
discovered in the Leadville region, and are still held by their original
owners, a very exceptional circumstance. They have been worked very
slowly and irregularly, and at the time of examination no maps had been
made of the underground workings. Many of the drifts had become inacces-
sible, so 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-
trasted 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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These chambers are irregularly distributed through the upper part of the
Blue Limestone, and, as the latter has been more or less eroded, some of
them formed actual outcrops of ore on the surface, and were thus easily dis-
covered in the commencement. The mine is opened by both tunnels and
shafts, but the ore is mainly extracted through the former. The Faint Hope
(M -4) tunnel runs 180 feet through limestone and vein material and 360 feet
in White Porphyry, to the bottom of the Porphyry (E-37) shaft. The latter
passed through 98 feet of porphyry and was sunk 46 feet in vein material
containing nodules of chert and low-grade ore. The Long and Derry (E-32)
tunnel runs in a southerly direction from the hillside overlooking Iowa guleh,
starting in- White Porphyry and being expected to reach the contact at 500
feet. In the Dana (M-3) shaft were found many chert nodules in the por-
phyry, which carried casts of fossils, principally Pleurophorus and Spirifera.
Such included chert nodules are frequently found not far from the contact
plane and were evidently caught up in the mass of the porphyry as it forced
its way along between the strata. The whole body of the limestone on
Long and Derry Hill seems to be more or less impregnated with oxides of
iron and manganese and with silicious material, as shown by the black
outcrop at the Belcher (M—-5) mine, near the base of ‘the formation. In
this outerop the replacement evidently proceeded from above, as the ore
wedges out at the bottom. The apparently broken character of the forma-
tion in the vicinity of the ore deposits may be due in a measure to its
proximity to the surface and want of a protecting covering of Wash. In
one portion of the mine was a large accumulation of angular blocks of
porphyry in the limestone, which had probably fallen from above into a
cave that had been dissolved out by surface waters.

The ore is carbonate of lead and chloride of silver near the surface
and galena in depth, the latter, as usual, being generally richer in silver
than the carbonate. Only small specks of pyrite have been found in it.
The dike of Gray Porphyry, which crosses the hill in front of the Faint
Hope tunnel, may be supposed to have been an important factor in the
concentration of ore here by causing a stagnation in the mineral-bearing

currents.
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PRINTER BOY HILL.

The existence of the three transverse dikes crossing the slopes of
Printer Boy Hill and of the cross-cutting bodies of Pyritiferous Porphyry
on its north side, in the upper part of California gulch, is an indication of
probable mineral concentration in this region, and developments, so far as
they have gone, tend to confirm this idea.

On the south slope the curving outcrop of the contact of Blue Lime-
stone and White Porphyry has been very extensively prospected near the
surface, and evidence of replacement action has been found at almost every
point. Figure 4 shows an ideal section of the middle portion of the south
slope and the relative amount of vein material, as far as can be determined
by present workings.
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The principal development of ore has been thus far found in the Flor-
ence mine, which is at the crest of the fold. The vein material, which is
the usual clayey matter, carrying oxides of iron and manganese, has here
a maximum thickness of thirty to thirty-five feet, and seems to thin out to
the east and west, respectively, but to the north or into the hill it has as
yet been explored but a short distance. The ore occurs at the surface and
rather irregularly through this vein material; besides the usual carbonate
of lead and chloride of silver, it contains several minerals not common in
the district, among which may be mentioned native gold, visible to the
naked eye, and a sulfo-carbonate of bismuth. (See Appendix C.) In a
tunnel directly below the main workings of the Florence a gash vein of
galena in limestone several feet in thickness was found. Above, it connects
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with the ore body of the Florence, but, as followed in depth by a winze,
was found to pinch out entirely, furnishing one of many proofs that the ore
entered the limestone from above and not from below.

The dikes of Gray Porphyry on either side of the Florence are thirty
to fifty feet wide and can be traced along the hill for considerable distances.
They have the characteristic large crystals of orthoclase porphyritically
distributed through the mass.

East of the Florence the Minor tunnel has been run several hundred
feet on the contact without finding ore, but good ore is said to have been
obtained from the First National mine, still farther east. In the latter the
limestone seems to be split into two parts by the cross-cutting zone of White
Porphyry.

To the westward the contact has been developed by the Sangamon
tunnel, the Wilson, Brian Boru, G. M. Favorite, and other mines, and some
ore has been shipped, but no certain information was obtained in regard to
its quantity or its quality.

- Although some prospects showing ore may have escaped observation,
the above descriptions suffice to show that on either side of Iowa gulch in
the vicinity of the three dikes of Gray Porphyry the Blue Limestone con-
tact is ore-bearing over a comparatively large proportion of its extent.
It can, however, hardly be said to have been thoroughly explored as yet,
nor are the ore developments as rich or extensive as the geological condi-
tions would lead one to expect. It may, therefore, reasonably be assumed
that future explorations in this area, if systematically conducted, will prove
remunerative. The most promising direction for exploration would seem
to be to the northward under Printer Boy Hill. Next to that, the easterly
continuation of the contact in depth beyond the First National affords a
promising field. It must be borne in mind, however, that in this direction
the zone of cross-cutting White Porphyry will soon be reached, where the
Blue Limestone will be found split into two wedge-shaped masses, and thus
there will be two contacts between limestone and porphyry.

IOWA GULCH.

In Iowa gulch, to the westward, the contact is cut oft by the Mike fault,
after crossing the gulch just beyond the G. M. Favorite. A little farther
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down the gulch, however, opposite the Rock and Dome workings, it comes
to the surface again and is explored in the Nisi Prius and adjoining claims.
In the Nisi Prius very large bodies of highly manganiferous vein material
are found, which, though not rich themselves, are generally considered to
indicate the proximity of a concentration of chloride of silver The tunnel
on this claim cut through a series of limestone ridges alternating with de-
pressions filled by vein material. That the ridges in this case do not repre-
sent actual folds in-the formation is proved by the fact that the stratifica-
tion lines can be seen to run horizontally across them. '

This is the westernmost point at which the contact has been reached
in Iowa gulch, and, while it may be found at no very great depth immedi-
ately west of Dome fault, the probabilities are that beyond that, as shown
by the cross-sections N, O, and P, it is too deeply buried beneath Wash and
Lake beds to render its exploration advisable unless it were followed down
continuously on its western dip. The thickness of superincumbent detrital
material given in these sections is deduced from that found in the Coon
Valley and Black Cat and is probably a pretty close approximation to the
actual facts. The limits of the ore horizon to the westward, as indicated
by the western outcrops of the Blue Limestone, are theoretical deductions,
and may vary somewhat from the facts: but the limit of error here is not a
very wide one, as actual outcrops of Archean on this strike-line are found
at a very short distance south of the boundary of the map.

HEAD OF CALIFORNIA GULCH.

On the north side of Printer Boy Hill and in the upper part of Cali-
fornia gulch the geological conditions are extremely complicated, owing to
the number and variety of porphyry bodies and their rather unusual struct-
ural relations. The cross-cutting zone of White Porphyry passes through
here, as shown by the fact that on the north side of the gulch it comes in
contact with the Parting Quartzite and on the south with the Blue Lime-
stone. A body of Pyritiferous Porphyry is also found cutting up across 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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bodies of Gray Porphyry, whose position and structural relations are very
imperfectly known. For these reasons a considerable concentration of ore
might naturally be looked for in this region, but it would probably be found
more irregularly distributed and less easy to follow than in the normal
groups of Carbonate and Iron Hill. The ore currents would no longer
have been confined to one or two principal channels, but would have had a
variety of contact planes which they might have followed, and whose posi-
tion cannot be predicated beforehand. Unfortunately the small amount of
exploration already made not only gives but an imperfect idea of the actual
geological relations of the various bodies, whose representation on the map
and sections may in consequence be somewhat imperfect, but the actual
development of ore has been so slight as to afford no indication as to what
particular contact is the more likely to contain ore. The normal contact of
Blue Limestone and White Porphyry extends eastward from the Pilot fault
along the north slope of Printer Boy Hill, until in the Eclipse the limestone
commences to wedge out  Ore is found in considerable quantity in the Pilot
tunnel, apparently along the very plane of the fault, and a certain amount
of vein material occeurs at the contact in the Lovejoy, Eeclipse, and other
shafts.  On the other side of the gulch the same contact that carries ore in
the Adelaide-Argentine, viz, Parting Quartzite and White Porphyry,is found
in the Iron Duke and others and is apparently mineralized to a certain
extent.
GOLD DEPOSITS.

Between Pilot and Mike faults, on the northwest slope of Printer Boy
Hill, is a body of porphyry not identical with any other found in the region
and which is notable for containing the Printer Boy and Five-Twenty gold-
bearing lodes. ,

The Printer Boy lode was discovered before the existence of carbon-
ate ores in this region was known, and producéd a large amount of gold
between 1866 and 1870, of which no record can be obtained. It is a prac-
tically vertical deposit along a jointing or fracture plane in the porphyry,
having a direction a little east of north. It now consists of two claims, the
Upper Printer Boy and Lower Printer Boy, each opened by vertical shafts.

MON XII——33



H14 GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

Only the latter was accessible at time of visit, and here the vein is double, the
two branches being separated by ten or twelve feet of decomposed porphyry.
The gangue is nothing more than thoroughly decomposed porphyry, being
a white, clayey material in which only the quartz grains of the original por-
phyry remain unaltered ; scarcely any metallic contents are visible. In the
old workings, where the ore was rich, free gold could be seen, and in the
deeper workings considerable iron and copper pyrites and some galena and
tennantite were found. Gold occurred in both pyrite and galena, and a piece
of ore containing galena crystals, connected by a filament of wire gold, was
one of the show specimens of the mine. Selected specimens are said to have
contained 122 ounces of gold to the ton, and the average assayis given at three
to four ounces. The vein has varied in thickness from one inch to four feet,
with an assumed average of seven inches. On the west wall, from the sur-
face down to a depth of 200 feet, were branches or stringers extending out
into the porphyry, sometimes as much as three feet thick and containing
ore of similar quality to the vein, though of different color and hardness.
South drifts from the shaft of the Upper Printer Boy were said to be cut off,
successively, at a distance of a few hundred feet, by a cement deposit, which,
from the description given by those working the mine at that time, would
seem to be a portion of Lake beds deposited in the bay that, as already
shown, existed where now is the spur separating California from Iowa gulch.

In the Upper Printer Boy the normal Printer Boy Porphyry, which is
a coarse-grained, greenish-gray rock with large feldspar crystals, was over-
laid by a white, fine-grained porphyry, resembling decomposed Pyritiferous
Porphyry from which the pyrite has been dissolved out. It is said that the
former was only found at one hundred to two hundred feet below the sur-
face, but this does not agree with observations which show the Printer Boy
Porphyry in all the prospect holes around the Upper Printer Boy shaft.
Both rocks occur in the Gray Eagle tunnel (M-53), west of Eureka gulch,
and it is probable that part of the main body of Pyritiferous Porphyry orig-
inally covered this portion of the hill and that from the pyrite in it the
waters derived the metallic contents which now are deposited in the veins.
A number of other small gold-bearing veins are also found in the Printer Boy
porphyry, the most important of which is the Five-Twenty, from which a

\
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GOLD DEPOSITS. Il

considerable amount of gold ore is said to have been taken. The tannel by
which it was opened also cut a body of carbonate ore, which at that time
was not considered worth extracting.

These deposits, together with that of the Colorado Prince mine, would
seem at first glance to be of different character, and perhaps of different
origin and manner of formation, from the normal carbonate deposit of the
Leadville region, and more in the nature of the ordinary fissure vein. The
somewhat limited study which it has been possible to make of them tends to
show, however, that the process of ore deposition was essentially the same
in both cases. There is no evidence of any-pre-existing cavity which was
filled by foreign gangue material; but the ore currents, following in this case
a fracture or jointing plane, instead of a stratification plane, deposited grad-
ually their load of metallic sulphides by a chemical interchange with the
material of the rock through which they passed. Gold seems to have been
principally deposited in the more acidic or silicious rocks and silver in the
calcareous or basic ones. This preference is not confined to the Leadville
region, but is seen in other mining districts. Its reason, however, is not yet
satisfactorily explained from a chemical standpoint.

As regards their relative age, the little evidence that can be obtained
seems to indicate that the carbonate deposits are older than the gold veins
under consideration, since the former must have been originally deposited
before the folding and faulting took place; whereas, if the assumption that
the latter occupy fault planes be correct, it is probable that they were formed
subsequently to this period.

PLACER DEPOSITS.

It is worthy of note that California guleh has furnished almost all the
placer gold which made this region known long before its wealth in silver
was even suspected, while Towa and Evans gulches, adjoiniﬁg it on either
side, which are carved out of the same series of rocks and are both larger
and contain more detrital material, have thus far yielded little or no return
to the placer miner. The question naturally arises, therefore, why should
the smaller gulch contain, as it did, exceptionally rich gravels and its neigh-
bors be practically barren? Although placer mining had been virtually
abandoned before this investigation was undertaken and these deposits no
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longer constituted an essential part of the mining industry of Leadville, nor
could detailed studies be made of them, yet some suggestions are afforded
by the consideration of the general geological conditions of the region that
are not without value.

The richest portions of the California gulch diggings are said to have
been, first, in the bend below Oro, at the mouth of Nugget gulch; next, in
the bend at the La Plata mine; and then in that below Graham gulch. The
first was exceptionally rich, and in the narrow bed of the gulch at Oro a
gold-bearing cement, containing hydrated oxide of iron, was found below
the gravel, which yielded one ounce of gold to the ton. The gulch gold
was worth $17 to $19 per ounce, while that from the mines was worth only
$15. From its propinquity the Printer Boy Porphyry, known to contain
actual gold veins, suggests itself as the source of these rich gravels, with
the oxide of iron resulting from the decomposition of pyrite in the Pyritit-
erous Porphyry as a cementing material. Moreover, the Weber sandstones,
at the head of the gulch, have been found to carry gold veins, and from
their abrasion also gold-bearing gravels would have been carried down
the gulch. These probable sources of gold seem, however, inadequate to
account for the greater relative richness of California gulch over its neigh-
bors, since both Evans and Iowa gulches contain gold-bearing veins and
the amount of sandstone and porphyry débris that has been carried away
through either of their beds must have been far greater than that swept
through California gulch.

It seems very doubtful whether in general all, or even the greater part,
of the gold contained in placer gravels is derived from the abrasion of actual
gold veins. Traces of gold may be found in a very large proportion of the
massive rocks which form the earth’s crust. Gold veins are concentrations
of this mineral in sufficient quantity to attract attention and yield a profit
to the labor of man; but doubtless there are a vast amount of smaller con-
centrations which may escape his notice. As the rock disintegrates and is
worn away by atmospheric agencies the gold from these smaller deposits,
as well as from the larger, is set free from its inclosing rock and subjected
to the concentrating action of mountain streams. Placer deposits are the
results of nature’s vast sluicing processes. 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 up into sand and gravel, but
the sifting power of rapid streams, which may carry down the lighter and
coarser material, and a suitable channel, in which the heavier particles may
lodge, as in the riffles of a sluice-box. All mountain gravels, all sands of
rivers coming from the mountains, contain a certain amount of gold, but it
is only under peculiarly favorable conditions that the gold is so concentrated
as to render the gravel or sand remunerative to the labor of man. Among
the most favorable of these conditions is a comparatively narrow channel,
having a hard and compact bed-rock and ridges or bends in its course,
which, by causing a partial arrest in the rapidity of the current, shall allow
the heavier particles of gold to settle to the bottom and hold them there
when once they have settled.

From this point of view there is a very evident reason why California
gulch should have furnished rich placers and why the gold which may exist
in Towa and Evans gulches should not yet have been extracted, even though
the detrital material which has been carried down either gulch should orig-
inally have been equally rich in gold. California guleh, as has already been
explained, is a valley of erosion, formed entirely by the action of running
water and since the Glacial period. It has, therefore, a bottom or bed
of hard rock; its transverse section is V-shaped and therefore, like the
Spitzkasten, favorable for the concentration of heavy particles at its bot-
tom. When comparatively full of water, its numerous bends formed eddies
in the down-flowing currents and allowed a longer time at these points for the
settling of the suspended particles; and, as it cuts across many different forma-
tions in its course, its bed must have transverse ridges, which have caught
some of the gold and prevented it from being carried farther down the stream.
Evans and Iowa gulches, on the other hand are glacier-carved valleys; their
courses are straight, their bottoms broad and comparatively smooth. The
moraine material with which they are largely filled has not been subjected
to the sifting or jigging process, to which gravel is subjected in the bed of a
stream. Moreover, as shown in Sections M, N, and O, the lower part of their
present bed is cut, not out of rock, but out of the loose 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 post-Glacial erosion has been carried, has a sufficiently
hard and permanent bed-rock to allow of the concentration of gold on its
surface; at any rate, such bed-rock has not yet been found. It is probable
that the actual rock surface, which formed the bed of the Glacial valley,
may be found gold-bearing if it is ever explored; but it could hardly be
expected that in it gold will be found so concentrated as it was in California
guleh, and its exploration will necessarily be attended with many mechan-
ical difficulties, owing to its probable depth below the present surface.

The Lake bed deposits themselves undoubtedly contain a large amount
of free gold, and it is probable that this may be sixfﬁciently concentrated
at some points on the bed-rock of the original lake to be worked with profit;
but the form of this bed is as yet too little known to give any definite idea
of where such points may be. Probably the valley of the east fork of the
Arkansas would be the most favorable point for such an exploration, since
its drainage area is the most extensive of any of the valleys tributary to this
ancient lake; but it would be impossible to determine beforehand how far
up this valley the ancient shore-line of the lake extended.

ORE PROSPECTS IN UNEXPLORED AREAS.

Besides the regions mentioned in the above description there are a few
other unexplored areas in which the contact may be reasonably expected
to be found productive which will be enumerated below in the order of

theirrelative availability, or of the proximity to the surface or to known
deposits at which the contact may be found.

On Dome Hill, as shown in Section H, Atlas Sheet XIX, the contact
is near the surface on either side of Dome fault, and is practically unex-
plored south of the Dome workings on the one side and of the Ben Burb
on the other. From the Dome mine southward to Iowa gulch, east of the
fault and along the west side of the fault for a corresponding distance, there
is'good reason to assume that the contact will be found productive, and
explorations should be conducted on the dip in either direction, though to
the westward the assumed limit of probable mineralization will soon be
reached, and on the lower part of Dome Ridge, beyond the Coon Valley,
present indications do not promise any large ore bodies.
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On Tron Hill the region west of Iron fault probably contains the con-
tinuation of the Iron mine bonanzas, but the depth at which it will be found
may be such as to render its exploitation expensive; a shaft sunk to reach
the contact opposite the Iron mine might have to go nearly a thousand feet.
As there is some uncertainty as to the actual position of the bonanzas in
this region, it might be more prudent to follow the contact downward from
some point where its depth is known, say in the neighborhood of the Devlin
shaft, where it is only 200 feet deep.

On Carbonate Hill the contact should be followed westward from the
line of the Pendery fault. It has already been shownin Part I, Chapter V,
that there is a good probability that on the northwestern slopes of the hill
the formations dip westward, and that farther south in the Pendery ground,
though broken by a fault, the displacement of the latter is probably not
great. Were the contact followed westward from a shaft reaching the
limestone anywhere along the lower slopes of the hill, it would not take
long to determine whether it still exists under Leadville or had been re-
moved by erosion previous to the deposition of the Lake beds. Should the
latter prove to be the case it would avoid the great and, in this contingency,
useless expense of sinking a deep shaft under Leadville itself, which other-

wise will doubtless some day be undertaken.

MINES AND PROSPECTS OUTSIDE THE LEADVILLE DISTRICT.

The region outside the area covered by the map of Leadville and
vieinity was examined primarily with the object of determining its general
geological structure and studying the series of formations where they were
less metamorphosed and better exposed than in that district, in order that
by the experience thus gained it might be easier to unravel the complicated
geological problem there presented. In the few short months that could be
devoted to this work it was impossible to make a very complete or sys-
tematic study of the ore deposits opened by the various mines in this out-
side region, and only those that came within the line of work and were
accessible at time of visit were examined. The following notes, the result of
that examination, are offered, notwithstanding their incompleteness, mainly
because of the information they afford with regard to the geological dis-
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tribution of ore deposits in the area as a whole, which is sufficiently ac-
curate, although the details of ore occurrence, especially in some of the
larger mines, could not be ascertained, owing to their inaccessibility. Those
mines whose names are followed by an (L) were not seen by the writer,
but the information given has been obtained from the notes of Prof. Arthur
Lakes, who assisted in the examination. The same general order of topo-
graphical description that was followed in Part I, Chapter IV, is preserved

here.
NORTHEASTERN REGION.

Monte Cristo mine—'['his mine is situated just beyond the northern limits
of the map, on the steeper slope of the spur running eastward from Quan-
dary Peak, just below timber line. Its ore is a low-grade argentiferous
galena, occurring in' a bed of quartzite of Cambrian age, with little or no
accompaniment of vein material or of other minerals. The formation here
dips eastward at an angle of 35°, which is approximately the slope of the
steeper eastern flank of the spur. The quartzite stratum which carries the
ore is the outcropping rock on this steeper part, so that it has only been
necessary to strip off the thin surface accumulations of soil and débris to
reach the mineral, which is thus exposed over an area of several acres.
The galena is rather coarse-grained and crystalline, and is irregularly in-
tergrown in the quartzite, occurring on its upper surface from a few inches
to a foot in thickness, but in one case extending eight feet below the surface
of the bed. It is evident at a glance that it could not have been deposited
contemporaneously with the quartzite, and no evidence was seen of any
pre-existing cavities ; whence it is assumed that its deposition was a meta-
somatic change by percolating water, like the limestone deposits of the
region. Although the ore, from its manner of occurrence, can be mined
very cheaply, its tenor in silver is so low and it is so intimately mixed with
the quartzite that it probably cannot be smelted profitably without previous
concentration in ore-dressing works.

~ On North Peak ridge the North Star mine (L) is situated at the east-
ern end of its higher part, a short distance above and west of the saddle
marked by the Blue Limestone outcrop. Evidence afforded by the dump
shows that its shaft went through the Lower Quartzite cap of the ridge into
the Archean gneiss below. At the foot of the steep slope below this mine
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and just west of the saddle are several prospect holes in a bed of dark-green
hornblendie rock, near the upper part of the formation, which is highly im-
pregnated with pyrites. In the amphitheater north of the saddle copper
pyrites are found in the Archean gneiss, in a gangue of quartz. On the
saddle itself a shallow prospect hole called Sammy’s Barrel shows a gash
vein in the White Limestone a few inches in thickness, which carries galena
in a gangue of calc spar. At the eastern end of Hoosier Ridge, at the ex-
treme head of Beaver Creek, is the outerop of a large deposit of iron ore in
the upper Carboniferous or Triassic beds, which apparently follows the
bedding, and from which specimens of chrome iron are said to have been

obtained.
MOUNT LINCOLN.

The silver deposits on Mount Lincoln were first discovered in the sum-
mer of 1871, In spite of their great altitude, being nearly fourteen thou-
sand feet above sea level, they were rapidly opened; a number of mining
towns sprang up at the foot of the mountain; quartz-mills were built and
smelting works erected. For a time they enjoyed great prosperity, but of
late years have been in great measure abandoned, and the mining towns of
Quartzville and Montgomery are now practically deserted. The deposits
are principally in limestone. The cause of their abandonment may be
found in part in the inherent difficulty of regular development of limestone
deposits, owing to their frequent want of continuity and to the misconcep-
tion on the part of the miners of the character of the deposits. In great
part it is probably also due to the excitement attendant on the discovery of
the rich deposits of Leadville, which drew away the fickle miners to new
fields. Everything tends to show, however, that the region is one excep-
tionally rich in metallic deposits, and that under systematic development
its prosperity may be revived at no very distant future.

The Russia mine (L) is situated about five hundred feet below the summit of
the peak, in a direction south-southeast. The deposits of this mine are found
in the Blue Limestone, which here forms the surface of the spur, the over-
lying sheet of Lincoln Porphyry having been eroded off. In places, yel-
lowish quartzite and a bed of yellow, compact, argillaceous rock, called by
the miners porphyry, is still found above the limestone. The ore is prin-
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cipally galena, with some sulphates and carbonates of copper, associated
with a gangue material of sulphate of baryta. The deposit, where found
at the contact, averages about three feet in thickness, and frequently opens
out into large irregular chambers extending down into the mass of the lime-
stone. Some of these chambers are 25 feet high, the general average being
about ten to fifteen feet. In working the mine a thin streak of mineral,
carrying gypsum associated with galena or barite, was followed until it
opened out into a chamber or pocket. The ore appears to be richer as it
approaches the summit of the peak. About seventy-five feet from the en-
trance to the tunnel, a slide or fault was found, pitching 45°, with a down-
throw to the east. Very little mineral was found on this faulted surface,
but following it up from where it was struck in the tunnel it led to a great
ore body 45 feet above.

On the extreme of the northeast spur of Lincoln, overlooking the town
of Montgomery, are a number of abandoned openings in the Blue Lime-
stone, showing a similar character of irregular deposits of galena, associated
with barite, which have been worked principally by open cuts.

MOUNT BROSS.

Moose mine—The principal mine on Mount Bross is the Moose mine, which
was discovered in July, 1871, though the Dwight, which is supposed to be
an extension of the same deposit, was first found in 1869. Asthe mine was
closed to visitors at the time of examination, the data with regard to its work-
ings have been obtained from former superintendents. It is situated on the
northeast slope of Mount Bross, near the summit of the wall overlooking
the Cameron amphitheater. Its ore is galena and copper pyrites, with their
various oxidation products, carbonates and sulphates, and the gangue largely
barite or heavy spar. It isfound in the Blue Limestone, at or near the con-
tact with the overlying Lincoln Porphyry. The ore has been very rich,
yielding from two hundred to three hundred ounces of silver per ton. The
formation here dips to the southeast. Besides the overlying Lincoln Por-
phyry, a dike of White Porphyry was observed, crossing the formation a little
west of the mine, and doubtless an examination of the underground workings
might have disclosed other bodies of porphyry. The tongue of Blue Lime-
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stone, which forms the surface of the spur between the Cameron and Bross
amphitheaters east of the Moose mine, is, like that of the corresponding
spur of Mount Lincoln, honeycombed with open cuts, from which appa-
rently considerable quantities of ore similar to that of the Moose mine have
been taken. So far as observed, the silver deposits in this region have been
principally confined to the Blue Limestone horizon.

Dolly Varden mine on the eastern slope of Mount Bross, at a little lower
level than the Moose mine, is also in the Blue Limestone. Its ore is gen-
erally more oxidized than that of the Moose, and occurs in the body of
the limestone, near its contact with a nearly vertical dike of White Porphyry
about forty feet thick. The main dike has a strike of between N.15° k. and
N. 30° E., and dips 60° to the northwest. The ore has been found along
the southeast face of this dike in a vertical extent of 150 feet, and extend- .
ing southeastward into the limestone with the dip of the formation to a dis-
tance of 100 feet. On the east of the main dike is a second porphyry dike,
with a strike nearly east and west and a dip of 45° to the south, which
may be simply a branch of the main dike. On the west side of the main
dike as yet no considerable amount of ore has been discovered.

In the little valley on the southeast slope of Mount Bross, known as
Mineral Park, is the tunnel of a company which was organized during the
prosperous times of this region with the avowed intention of piercing the
mountain to strike the source of the rich deposits of the Moose and other
mines. It was not visited by the writer, hence an exact description of the
rocks through which it has passed cannot be given, but it deserves mention,
as illustrating the pernicious habit among western miners of spending large
sums in running tunnels through the solid rock with no sounder basis of
hope than the chance of striking some unknown rich deposit. This tunnel
is said to start in quartzite and to have been driven about seven hundred
feet. Whether it commences at the Parting Quartzite or at once in the
Lower Quartzite is a matter of domparatively little importance. It starts,
at all events, below the horizon of the Blue Limestone, and therefore can
by no possibility strike any of the ore bodies contained in that stratum. As
will readily be seen by reference to Section L of Atlas Sheet X, the tunnel
will soon, if it has not already done so, reach the crystalline rocks of the
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Archean formation. Its horizontal distance from the Moose mine is about
two miles. The expense per foot of driving such a tunnel after the first few
hundred feet, as any person familiar with mining can readily see, must be
very great. The only ore bodies which it can strike will be those occur-
ring at considerable depths in the Archean rocks. In this extent of two
miles a valuable ore body might be struck, especially near some dike of
eruptive rock, but the probabilities are againstit. As far as present devel-
opments show, the veins discovered in the Archean in this region are gen-
erally small and of no great value. Even in the case of a well-defined
vertical fissure, the advisability of running so long a tunnel to strike 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 tunnel, would be extremely
. doubtful.

BUCKSKIN CANON.

The neighborhood of Buckskin Canon is a region of important devel-
opments of ore bodies, which are not confined to the horizon of the Blue
Limestone, but occur also at lower horizons, some small bodies having even
been discovered in the Archean rocks. The most important of these is the
Phillips mine, which was discovered in 1860 by Joseph Higginbotham,
commonly known as “Buckskin Joe,” from whom the neighboring town
received itsname. The ore occurs in the Lower Quartzite, near the bottom
of the valley, on the south side of the stream. Here an immense lenticular
body of iron pyrites, with a little copper pyrites and a gangue of sulphate
of baryta, follows the strike of the rocks up the gentle slope of the valley,
rising from the stream bed to the foot of the cafion walls. Erosion having
laid bare this body in a length of about two thousand feet, it was mined by
the early settlers in an open trench from 20 to 30 feet wide and about fifteen
to twenty feet deep. Being exceptionally exposed to the action of water
and of the atmosphere, the upper part of the deposit was entirely oxidized.
By a natural process of concentration this oxidized portion became very
rich, so that in the early days, even with the rude processes then in use,
consisting mainly in sluicing and grinding in arastras, it was worked at a
profit, and from a quarter to a half million dollars are said to have been



MINES OUTSIDE THE LEADVILLE DISTRICT. 526

taken from it. When the unoxidized portion was reached, the ore became
poorer, yielding only about six dollars per ton in gold, and the difficulty
of treating it in the ordinary stamp-mill was such that the mine was after
a few years practically abandoned. The ore body, which at the surface
had practically vertical walls, was found to split up in depth into smaller
bodies, dipping eastward and following approximately the stratification
planes of the quartzite. On the east side of the open cut a body of por-
phyry forms the wall of the ore body for a short distance, and is probably
an offshoot from a larger body of Lincoln Porphyry which crops out in
the stream bed a few hundred feet below the mine. Explorations on this
ore body have been carried to a comparatively small distance below the
surface, and it is not at all improbable that, if systematically exposed in
depth, other large bodies might be developed, which, under present condi-
tions, with smelting works within easy reach, might be mined at a profit.
Criterion mine.— On the north wall of Buckskin Canon, a little above the
town of Buckskin Joe and about half way up the cliff, is the now aban-
doned Criterion mine. Here, just above the junction of the Lower Quartz-
ite with the underlying Archean, in a shallow ravine, is exposed a body of
green porphyrite, impregnated with pyrites. A little above this, on the east
side of the ravine, is an immense open chamber, about sixty feet in height
by one hundred feet or more in length and ten to twenty feet wide, strik-
ing N. 35° E. It crosses the beds almost perbendioularly, and seems to
have once contained a body of ore, which has been removed either by
atmospheric agencies or possibly by some earlier miners of whom no trace is
left. The white quartzite adjoining the body is stained with iron oxide and
somewhat disintegrated. ~Nearly adjoining the upper part of this body on the
northwest, an irregularly lenticular-shaped ore body has been developed by
the tunnel of the Criterion mine. Its form is rather horizontal than verti-
cal, but it connects with the upper part of the large cavity. The vein mate-
rial is crambly iron-stained quartz, evidently resulting from the decompo:
sition of the quartzite. The irregular-shaped chamber from which the ore
has been taken is in places twenty to twenty-five feet in height, and has
been opened for a length of over one hundred feet. No chemical exami-
nation was made of the ore to ascertain its actual value, but it contains
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carbonate of lead and probably silver. The evidence of extended miner-
alization at this point is so strong that it is well worthy of more thorough
exploration. In all probability the ore was originally a sulphuret, though
containing a smaller portion of pyrites than the Phillips deposit, but so far
as examined it has been entirely oxidized. In the White Limestone above,
apparently on the same vertical plane with the large cavity, an opening has
been made on two small bodies of galena, following vertical joining planes
in the limestone. It seems probable that the ore which once filled the large
cavities was originally deposited along a jointing plane or the plane of a
small fault, and that the cavity has been enlarged by secondary alteration.
A small fault with a movement of about twenty feet can be traced along
the bed of the shallow ravine which indents the face of the cliff. It is
worthy of note that all theses planes have a common strike, northeast
and southwest, which is also that of the fault on the north face of Love-
land Hill; this may be observed on the opposite side of the canon, about
a mile above this point and on a line due southwest from here.

Excelsior mine (L).—A little west of the Criterion and higher up on the
face of the cliff is the Excelsior mine, likewise abandoned, whose position
is marked by the skeleton of an old building standing perched on the edge
of the cliff, overlooking the precipice below. Here an irregular body of
porphyry or porphyrite traverses the White Limestone, which is somewhat
contorted at its contact. The mine is opened by a tunnel, on either side of
which the eruptive mass crops. But little ore has been developed, but the
rocks are deeply stained with iron, and at the contact of the limestone and
porphyry is found a little free gold and silver, with copper and iron pyrites.

The spur of Mount Bross, above these mines, is covered with prospect-
holes, the more recent of which are generally in the Blue Limestone. The
older prospects, which were made at the time when only gold was sought
for, are generally confined to the silicious beds below this horizon.

Colorado Springs mine.— In the Red amphitheater, higher up the cafion, on
the south face of Mount Bross, is the Colorado Springs mine, which is still
being worked, and obtains rich galena ore from the lower part of the Blue
Limestone, at or near its contact with the Parting Quartzite. The ore body
averages two or three feet in thickness. The lower portion of the Blue
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Limestone is here, contrary to what its name would indicate, quite light-
colored. The ore is extremely rich, but very irregularly distributed; it is
evidently a replacement of the limestone, there being no evidence of pre-
existing cavities. A

Dominion mine (L).— In a prospect hole to the north of this, called the Do-
minion, ore is also found at the contact of the limestone and Parting Quartzite.
The ore body averages two feet in thickness and is said to assay from $68
to 3500 in silver per ton. It carries brittle silver, silver glance, sulphate
and carbonate of copper, and some antimony.

Sweet Home mine. — (n the face of the cliff, a little southeast of the Red
amphitheater, in the gneiss below the Paleozoic rocks, is the Sweet Home
mine. Its ore is found near a body of very much decomposed Lincoln
Porphyry, whose surfaces are covered with a yellow coating of oxide of
iron, containing arsenic and antimony. This mine is interesting from the
varieties of mineral species thus far obtained from it. Among these are
cuprite, fluorite (pink and blue), jamesonite, melanterite, rhodocrosite, and
zinkenite. ‘ :

From the Tanner Boy mine, on the southwest side of the gulch, said to
be a fissure deposit in gneiss, are obtained remarkably fine erystals of deep
red rhodocrosite, or carbonate of manganese, containing a little magnesia.
It oceurs in very well-defined rhombic erystals, isomorphous with calcite.
As might be expected from the prevalence of eruptive bodies, ore is found
in small veins in almost every part of the Archean rocks exposed in Buck-
skin Canon. As yet, however, no large and important discoveries have
been made, and a priori the conditions for concentration of large ore bodies
would be less favorable here than in the overlying Paleozoic rocks.

On the south side of Buckskin guleh, at the eastern end of the cliff
wall, shown in Plate XIII (p.128), and formed by the lower Paleozoic beds
sloping up toward the crest of Loveland Hill, small ore bodies have been
opened up, following jointing planes in the White Limestone and the
Lower Quartzite. These deposits are generally extremely thin and of
limited extent. They frequently send out branches for a short distance
into the adjoining rock, following the stratification planes. Their ore is
galena, black sulphurets, and sometimes native silver. The direction of
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these joints is, as at the Criterion mine, generally northeast and southwest.
Their plane is practically at right angles to the stratification. A slight dis-
cordance is frequently observed in the beds on either side of the plane,
showing a displacement of a few feet. Among those noticed is the Ernest,
at the foot of the cliffs just back of the Phillips mine. Here may be seen
a phenomenon not uncommon in unstratified rocks, the crumpling of a certain
bed, which does not extend to the adjoining beds. This may be supposed to
be the result of unequal plasticity, by which, as an effect of lateral com-
pression, one bed has been crumpled or folded, when the others, being
more plastic, have expanded sufficiently to allow for the longitudinal con-
traction. The Ernest is in the upper part of the White Limestone, as is
the Rock Island, a little higher up the canon. The Northern Light, which
is shown in Plate XIII, is in the Lower Quartzite, and has a gangue ot
cale spar. Its vein material has a maximum thickness of 6 feet. Still to
the west of this is the Rock Island, which is in the upper part of the White
Limestone.
LOVELAND HILL.

In the Blue Limestone, which covers the surface of Loveland Hill,
are a great number of prospect holes and small mines, which have opened
irregular bodies of ore, principally argentiferous galena and its decompo-
sition products.

Fanny Barrett mine (L).—The most important of these is the Fanny Barrett,
which is situated not far from the edge of the cliff overlooking Buckskin
guleh, and apparently near the line of fault noticed on the south wall of Buck-
skin gulch. It is about on the line of strike of the Criterion deposit. The
ore fills a so-called fissure some four feet in width, containing galena and what
is called by the miners ‘“hard carbonate,” i. e., a sulphate of lead, forming
greenish-white concentric layers like agate, with some carbonate of copper.
The gangue is a soft hydrated oxide of iron, with considerable oxide of
manganese, which gives it a black color. In places the ore forms branch-
ing deposits and lenticular bodies of considerable size along the stratifica-
tion planes. The fissure is supposed to have been traced quite across the
crest of Loveland Hill to the cliffs facing Mosquito and Buckskin gulches
on either side. On the Buckskin side, a little above the contact of the
Archean with the Lower Quartzite, a body of ore has been opened in the
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gueiss, at the junction of the porphyry and the white quartzite. A little
below this a vertical fissure has been opened in the gneiss, about two feet
in width, containing galena and spathic iron. From the description, this
deposit is evidently of the same nature as the other limestone deposits in the
region, in this case, however, following mainly a vertical jointing plane.
It is hardly probable that such a plane would be found to be actually con-
tinuous for any great length, but very likely, from the persistence of its
direction, these planes have been developed more frequently in the neigh-
borhood of the line of the fault, and may have been accompanied by a
slight displacement. This movement would naturally extend for some
distance into the underlying Archean, and the ore currents would follow
similar joints formed in these rocks. From analogy with other deposits in
this district it is hardly probable that the so-called fissure veins in the gneiss
have been filled from below.

Higher up on Loveland Hill, on the ridge which connects it with
Buckskin Peak, ore is found in the White Limestone and in the Lower
Quartzite. Among the prospects the La Salle ore body occurs between
the limestone and the quartzite; Little Nell and Julia are on narrow ver-
tical veins, also striking northeast, in the Lower Quartzite. On the very
top of the hill, in a small patch of Lower Quartzite, are the Mountain Lion
and Silver Exchange claims, whose ore is galena, with green carbonate of
copper, carrying gold and silver. On the Mosquito side of the hill is the
Kansas mine, at the junction of the White Limestone and Lower Quartzite,
in proximity to the porphyrite body, below which is the Christian Aid.

On the southeastern end of Loveland Hill, towards Mosquito gulch,
numerous bodies of ore have been opened in the Paleozoic rocks. Of
these the most important is the Orphan Boy, which is abandoned and was
not visited. Its ore is found in quartzite, which probably belongs to the
Cambrian formation. The Jersey and other claims near Park City, in the
bottom of the gulch, have struck galena in the White Limestone.

BETWEEN MOSQUITO AND HORSFSHOE GULCHES.

South of Mosquito gulch, on Pennsylvania Hill, are many prospects in
the Blue Limestone, and on Ball Mountain in the Weber Grits. In none of
MON XII——34
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these, so far as observed, have any ore bodies of value been found. The
prospects in the Weber Grits are especially barren, and it is difficult to con-
ceive what inducement has been offered to the miners to expend the amount
of labor they have in this region. In general they seem to have been
attracted by the darker beds, containing carbonaceous matter, whether sand-
stone or shale, which, in general, have a little pyrites in them and sometimes
a trace of gold. Along the Sacramento gulches also, and as far as the ridge
which divides them from Horseshoe, the labor of the miner seems to have
been barren of practical results. This is the intermediate region between
the Lincoln Porphyry intrusions around the Mount Lincoln massive and
those of White Porphyry along the line of Horseshoe gulch.

Sacramento mine—In the Blue Limestone of the ridge south of Little
Sacramento gulch, and east of the London fault, is the Sacramento mine,
which has been worked for a number of years and produced a good deal of
rich ore. At the mine itself the Blue Limestone forms the surface, the
overlying porphyry having been removed by erosion, so that it is impossible
to say what proportion of the original ore body may have existed in the
upper part of the limestone. The ore, which consists of galena and sand
carbonate of high grade in silver, is found generally in irregular masses
throughout the limestone beds. Some clayey iron oxide occurs as gangue,
and considerable sulphate of baryta is found associated with the mineral.
Several hollow caverns have been found by the explorations of the mine,
in one of which remarkably beautiful stalactites of white fibrous arrago-
nite occur. These caves have evidently been formed since the deposition
of the ore and are conmected with natural jointing planes in the lime-
stone. Some of the caverns are partially filled with a clayey material,
which runs four to five ounces per ton in silver, and is evidently an infiltra-
tion from the ore bodies, which continue on either side of the cave without
bearing any relation in form to it. The limestone above the horizon of the
ore is generally darker colored than that below, which is of a light-gray
color and more crystalline structure; but the distribution of the ore bodies
is too irregular to consider them a definite deposit along the dividing plane
between these two varieties of limestone. The lighter limestone has the
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ribbed structure, characteristic of the Blue Limestone horizon, very beauti-
fully developed.

On the ridge between Spring Valley and Horseshoe guleh the Mudsill
claim has found galena at the same horizon, forming a contact deposit between
the darker and lighter limestones. To the east of this the Little Christine
has developed small veins of galena in the porphyry overlying the lime-
stone. On the eastern slopes of the range south of Horseshoe gulch, as
well as on Sheep Mountain ridge, the contact of Blue Limestone and White
Porphyry has been but little prospected, and, although no considerable ore
bodies have yet been discovered in this portion, there is a fair probability
that more systematic search will yet develop them, Sheep Mountain being
a most especially promising locality.

CREST OF THE MOSQUITO RANGE.

A great deal of prospecting has been done along the very crest of the
Mosquito range, the bare, precipitous, and often almost inaccessible slopes
of high mountains seeming to offer especial attractions to the hardy pros-
pector. This may be, in part at least, explained by the fact that in these
elevated regions the rock surfaces are generally exposed and swept clean of
obscuring soil and other surface accumulations, and therefore the “indica-
tions” which they follow, such as a staining of iron oxide or of carbonate
or of silicate of copper, are more readily seen than in the lower country,
where, when found, ore is likely to be more remunerative. It seems hardly
necessary to say that the idea that prevails among some prospectors, and
to which credence is given even by some educated persons, that rich ore
bodies are more frequent near mountain-tops, has no basis of geological
evidence to support it. But few mines have been actually worked at the
crest of the range, and these only intermittently, which is hardly surprising
when one considers that it is frozen up nine months in the year.

At the head of Mosquito gulch, and just west of the London fault, the
New York mine is said to have developed considerable rich ore at the con-
tact of the Blue Limestone with a small overlying sheet of White Porphyry
of local occurrence.
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London mine.—This is the most promising of these elevated deposits, and
has been known for a long time; but, besides the natural difficulties of its
position, apparent bad management and contested ownership have com-
bined to retard its development. Fuel being expensive at such an altitude,
the novel idea was adopted of using wind as a motive power, and a powerful
and strongly constructed windmill was built near the mine; but it proved
incapable of resisting the force of the fierce winter storms which sweep
over Mosquito Pass, and was blown down the first winter after its erection.

The geological horizon of the deposits, as explained in Chapter IV (p.
142), is apparently near the junction of the White and Blue Limestones, at
the contact with a sheet of White Porphyry lying parallel with the stratifica-
tion. It is there shown that the strata are here turned up at a steep angle
against the London fault on its west face, and that as their strike makes
an acute angle with the plane of the fault, they are gradually cut off by it,
successively higher horizons coming in contact with the fault line as one
goes across London Mountain from north to south. This is shown in a
general way on the map of the Mosquito Range; but it must be borne in
mind that the line of fault could not be traced with absolute accuracy, owing
to its covering of débris, and that, even if it could have been, the scale of the
map is too small to represent the necessary details of structure. This is a
point of great interest as regards both its geological structure and the light
its exploration might throw upon the genesis of ore deposits, and it is to be
regretted that the underground workings of the mine had not been suffi-
ciently extended to afford more definite data on these points. In the single,
somewhat hurried visit that could be made only a cursory view could be
obtained of the ore deposits and their surroundings. They consist of two
so-called veins, parallel and about forty feet apart, standing nearly vertical
and striking about northwest and southeast Of these, the southwestern
has an average thickness of about four feet and is extremely well defined.
It carries sulphurets of lead, copper, and iron, with some gold. The north-
eastern body is a free-gold ore, impregnating the country rock for about
two feet in thickness. 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 540 per ton and upwards, consisting in considerable proportion of
free-milling ore. :
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The main working tunnel was run into the base of the mountain on a
level with the mine buildings, a little west of south in direction, and cut
the ore bodies at 510 and 590 feet from its mouth, respectively. From
this drifts run along the veins in southeasterly direction, from which it was
intended to carry stopes upwards toward the crest of the mountain, which,
at its summit, is seven hundred to eight hundred feet above the tunnel level.
The direction of these ore bodies converges towards the fault plane, and it
was estimated that the latter would be cut by these drifts under the crest
or a little south of that point, the distance at which it would be reached
depending on the angle of dip of the fault plane, of which nothing definite
could be ascertained. If this dip were very steep or near the vertical, the
distance of intersection would be correspondingly greater. It was evident
from what was seen during the examination that the ore bodies, in spite of
their appearing at first glance to be vertical veins, are following, at least
approximately, the stratification of the sedimentary beds, and in this respect
resemble the majority of the deposits of the region. They were, therefore,
probably formed before the folding and faulting took place; in which case
they will end at the fault plane, their continuation beyond that plane having
been carried up by the movement of the fault, and since eroded away. It
is, of course, possible that the ore currents by which they were deposited
came up along the fault plane itself, in which case the ore bodies would
naturally be found to continue downwards on that plane. Should this be
found to be the case it would be the first instance observed in all this region
of original ore deposition on one of these great fault planes.!

Peerless mine.—At the head of Horseshoe gulch are a number of claims,
two of which have developed a considerable amount of ore. Of these, the
Badger Boy is in the Blue Limestone, which is exposed in the bed of the
north fork of Four-Mile Creek. The Peerless mine is at the very crest of
the ridge, just south of Peerless Mountain. Its ore is found about twenty
feet below the top of the limestone in irregular lenticular bodies. The
limestone is here very silicious, the upper part resembling quartzite, but it

I Since this visit a wealthy company has developed the mine, building a railway eight miles long
for transporting ore and supplies and a mill for the reduction of the ore. The fault plane is said
to have been cut by the drifts along the vein, but trust \vorthv accounts are wanting as to the results
of developments bearing upon the above points.
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is also very much iron stained, and it seems probable that this is merely a
secondary deposition, resembling the gangue matter of some of the Lead-
ville mines. The ore is galena and hard carbonates, with a little copper,
generally in the form of carbonate.

WESTERN SLOPES OF MOSQUITO RANGE.

On the west side of the range, outside the limits of the Leadville map,
are many prospect holes, both at the contact of the Blue- Limestone and
White Porphyry and in the underlying and overlying rocks indiscrimi-
“nately. The former have generally developed a little ore, even as far south
as Weston Pass, but the developments are extremely superficial and unsys-
tematic. Here, as elsewhere, miners seem particularly attracted by the black
layers which are common in the Weber Grits, and considerable labor has
been fruitlessly expended in exploring the bed of black shales on IEmpire
Hill, which contains fossils whose casts have been replaced by iron pyrites.
In the region north of Leadville, on the west side of the range, owing to
the fact that the surface is principally occupied by the Weber formation,
the by no means inconsiderable labor expended by prospectors has been
comparatively fruitless. Slight traces of ore are frequently found in con-
tact with the numerous bodies of porphyry which traverse this formation,
but as yet.none worthy of any extended development. The teachings of
this examination are that remunerative ore bodies are far more likely to be
found in the calcareous than in the silicious beds, and for this reason pros-
pectors would be wise to direct their labors principally to prospecting the
outcrops of limestone strata. The actual ore contact between Blue Lime-
stone and overlying porphyry occurs on the wooded slopes bordering Ten-
nessee Park, and is so much obscured by surface accumulations that it is
practically unprospected.

El Capitan mine.—This mine is situated just west of the extreme north-
west corner of the Mosquito map, the location of its shaft being given in
the margin. Greater importance attaches to it than the economical value
of the ore bodies would otherwise warrant, because it is the first discovery
of rich ore in Blue Limestone north of the Leadville district. No indica-
tions of ore were found upon the surface in this region, and it was simply
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because it was recognized as the “Leadville contact” that the limestone
was prospected. The general geological structure is shown in Figure 5,
which represents an east-and-west section approximately along the northern
boundary of the area mapped.

Figure 5.—Taylor Hill.
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The Cambrian, Silurian, and Blue Limestone beds here outcrop along
the base of the wooded hill slopes, dipping at about 20° to the eastward.
Above these is the main sheet of Gray or Eagle River Porphyry in great
thickness, the sandstones of the Weber Grits forming the upper part of
Chicago ridge. The lower part of the Weber Grits, or the Weber Shales,
which here consist mainly of quartzite, with only a few thin layers of
shale, are split into two portions by the porphyry body and separated from
the main body of Weber Grits above. A fragment of these, about forty
feet thick at the outcrop, is left resting directly on the Blue Limestone below
the porphyry body. The Blue Limestone has the ribbings of white calc spar,
which characterize it at Leadville and at the Sacramento mine. No ore has
been found at the actual porphyry contact, but it occurs at the upper sur-
face of the Blue Limestone, extending downward to a depth of 15 to 20
feet, as shown in Figure 6, which is a section on a larger scale through the
mine itself.

As at Leadville, the ore occurs as a replacement of the limestone, but
yields free gold instead of lead and silver, the latter occurring only in small
quantity, and lead as yet not having been found. The vein material con-
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sists of iron-stained clay, with layers of light-colored banded chert, from a
few inches to two or three feet in thickness, which pass into coarse silicious
sandy material, resembling quartzite ; this latter constitutes the richest gold
ore. Impure kaolin and Chinese tale are also found in the vein material,
and are generally gold-bearing. The depositis thus in almost every respect
a counterpart of those of Leadville, except that gold replaces silver and that
lead is wanting. From this vicinity was obtained direct evidence that the
iron oxide in these vein materials results from the decomposition of pyrites,
in the kernel of undecomposed pyrite that sometimes is found in the center
of a nodule of vein matevial.

Figure 6.—EI Capitan Mine.
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The following table shows the result of a chemical examination of one
of these nodules from No Name gulch, to the south of the EI Capitan mine.
Analysis No. 1 is the pyrite kernel, No. 2 the dark zone next to it, and No.
3 the lighter-colored outer zone. From these it would seem that the proc-
ess of change is 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 replacement of this by insoluble material, mainly silica.
From the two analyses of rich ore (Nos. 4 and 5) in the same table, the
richer of the two appears to be that in which this change has proceeded
furthest, and which is called “silicious ore,” although its contents in alu-
mina would seem to indicate a mechanical as well as a chemical interchange.
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TEN-MILE DISTRICT.

The ore deposits of this district, which lies north of the western half
of the Mosquito map, will be made the subject of a separate monograph,
and only a brief mention of their prominent characteristics need be made.

The larger and more prominent ore bodies of this district resemble
the Leadville deposits in that they occur as a replacement of limestone
strata, and generally along the upper surface of these strata. In this re-
spect they are contact deposits, but the immediately overlying rock is gen-
erally a sandstone instead of a porphyry sheet. The development of erup-
tive rocks is even more remarkable than at Leadville, and they occur gen-
erally as intrusive sheets nearly parallel with the stratification, sometimes
also in the form of transverse sheets and dikes. Thus, although the ore
body may not be found in actual contact with an eruptive rock, it is never
very far removed from one.

The ore bodies themselves are less completely oxidized than those of
Leadville, probably because of the greater elevation above sea-level, in
consequence of which surface waters are imprisoned by frost during a
greater proportion of the year. The unoxidized portion of these larger
ore bodies consists entirely of sulphides, mainly pyrite, zinc blende, and
galena, while the oxidized portion, near the surface, consists of iron-stained,
clayey vein material, carrying carbonate of lead and chloride of silver,
scarcely to be distinguished from the average Leadville ore, though it is
generally less rich in silver. The manner of occurrence of ore bodies
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along the upper surface of the limestone, and extending irregularly from
that surface downwards, gives evidence also that the ore currents acted from
above downwards. Moreover, in the most important mine in the district,
the Robinson mine, the actual crack, either fault or jointing plane, through
which these currents may have reached the limestone can be traced in the
roof of the main ore body and parallel with its longe st dimension. Along
this a certain amount of pyrite has been deposited in the micaceous sand-
stone which overlies the limestone.

The beds in which these deposits are found belong to the Upper Coal
Measure formation, whose base has been arbitrarily taken at the Robinson
Limestone, so called from the mine of that name in which it was first ex-

amined.
DEPOSITS IN THE ARCHEAN.

On the opposite side of Tennessee Park from the El Capitan mine,
one of the prominent peaks of the Sawatch range is known as Homestake
Peak, from the mine of that name, which occurs in the Archean rocks on its
slopes. It was discovered before the carbonate deposits of Leadville, and
is said to have produced considerable rich galena, carrying from 30 to
60 per cent. of lead and from 200 to 250 ounces of silver to the ton. In
it has been found a small amount of an arsenical nickel mineral, supposed
to be gersdorffite. As the mine was not visited, nothing further can be
said as to the character of the deposit.

In the Buckskin and Arkansas amphitheaters are many prospects and
a few small mines, on what are assumed by their owners to be true fissure
veins. None of the mines were being worked at time of visit, and they
were therefore mostly inaccessible. They were examined, however, when-
ever they came within the line of work, and it was found, so far as such
examination extended, that they were invariably a simple mineralization of
the country rock along some plane which admitted the percolation of water,
whether a jointing plane or the plane of a fault, and that the mineral
occurred as an impregnation or replacement of the country rock, the vein
materials being simply an alteration product of this rock, and not foreign
material filling pre-existing fissures, as is supposed to be the case in a trne
fissure vein.



CHAPTER VL
GENESIS OF LEADVILLE DEPOSITS.

The ore deposits of the region having been described in the foregoing
chapters, with as much detail as space allows, it remains to gather together
briefly the evidence upon which the general conclusions with regard to
their origin and manner of formation, given in Chapter I, have been ar-
rived at.

Before entering upon the discussion of this evidence, however, I would
state that I do not claim that these conclusions are absolute or final, nor do
I wish to be considered as offering them as general theories applicable to
all ore deposits. They are those that seem to best accord with the facts
now at my command, and these facts have been presented carefully, con-
scientiously, and without bias in favor of any preconceived theory. Other
facts may come to light which may lead to a modification of these conclu-
sions, and I reserve the right to adopt such modifications wherever the
evidence afforded by further developments in this or any other district
which may come under my notice shall seem such as to require it. The
study of the underground structure of a mining district necessarily pre-
sents many problems which cannot be definitively solved until the entire
area has been explored; nevertheless, deductions may be made from ob-
served facts, and from analogy with facts gathered in other carefully studied
regions, which will justify a hypothetical forecast that may be of great
practical service to those engaged in mining, even should that forecast be
proved later to be incorrect in some of its details.

In studying the genesis of the ore deposits of Leadville, one main
difficulty at the time that this work was carried on was their universally

oxidized condition, resulting from secondary alteration by surface waters,
539
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which rendered it difficult to arrive definitely at the original form in which
they were laid down. When the mine workings shall have been extended
to such depths that the mineral is found practically sheltered from the
secondary action of surface waters the study will be rendered more easy
and the results arrived at will be more certain.

In this discussion it will not always be possible to follow the exact
order given in Chapter I, which was adopted rather for the purpose of
presenting a concise and readily comprehensible statement than as the
logical sequence of the processes actually involved in the ore deposition.

MANNER OF OCCURRENCE.

Perhaps the most suggestive fact in the manner of occurrence of the
Leadville ores is their predominance in the beds of the Lower Carbonifer-
ous or Blue Limestone, and one is naturally led to seek a cause for this
preference. It being admitted that the ores were deposited from aqueous
solutions, it is readily apparent that the more soluble limestone beds would
be more easily acted upon by these solutions than the other sedimentary
beds of the region, which consist mainly of sandstones and argillaceous
shales, and are much less susceptible to the action of percolating waters.
This, however, does not explain why the Blue Limestone should have been
chosen rather than any of the other calcareous beds of the region.

There was a theory at one time prevalent among mining men in the
West that the great silver deposits in limestone were peculiar to a definite
geological horizon, a conception that perhaps had its origin in the tendency
of some geologists to generalize from the coincidence that certain classes
of deposits have been found in different parts of the world at the same
geological horizon. Indeed, some have gone so far as to base their deter-
mination of the horizon of certain beds, when other evidence was wanting,
on the occurrence in them of this class of deposits. The great silver
deposits in limestone of the western United States are, in point of fact,
found throughout the whole range of the Paleozoic system, and the hori-
zons of no two districts have as yet been proved to be absolutely identical.
As a case in point, the vast deposits in the Ten-Mile district, only 16 miles
from Leadville, occur in the Upper Carboniferous Limestones, and nof in
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the Blue or Lower Carboniferous Limestone. It is true that these deposits
in the western United States are mainly confined to Paleozoic beds, but
this is hardly to be wondered at when one considers that the other hori-
zons are almost entirely silicious or argillaceous and contain as a rule a
very limited development of limestone. It is evident that broad general-
izations on the basis of geological horizon alone are not only unfounded
but are misleading, and that it is more logical to seek for an explanation
in the local conditions of each individual district.

The causes that may have influenced the concentration of ore in any
particular bed of limestone may have been physical or chemical ; that is,
the structural or physical conditions of the region may have been such that
the solutions were naturally directed to that particular bed, or the composi-
tion of that bed may have been such as to render it peculiarly susceptible
to the action of waters reaching it from adjoining rocks or to cause the
precipitation of the minerals held in solution by those waters.

The physical or structural conditions of this region have been shown
by geological descriptions to be peculiarly favorable to the concentration
of percolating waters in the Blue Limestone. The great intrusive sheets
of porphyry are found to follow it most persistently, mainly along the
upper surface, less frequently along its under surface, and also cutting
transversely across it. These intrusive bodies are also found at other hori-
zons, it is true, but at none so persistently and so uniformly as at this. Thus
both ascending and descending currents would readily reach these beds, the
latter trickling through the uniformly permeable eruptive rock, the former
following up the walls of the channel through which it was erupted ~ Such
waters, after passing through a medium of different composition, would be
ready for a chemical interchange with the limestone, but in the case of
ascending waters it does not appear evident why this interchange should
have taken place along one wall of the channel rather than the other, while
with descending waters this action would naturally commence on the upper
surface of the limestone bed. Thus the physical conditions afford a reason
for the predominant choice of this horizon.

As regards the chemical composition of the bed, the evidence is less
conclusive. Some authors have been inclined to regard dolomitic limestone
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as the peculiar habitat of lead and silver deposits, from the fact that many
silver-bearing limestones have been found to be dolomitic, making thus a
generalization out of a coincidence. But the evidence here fails to confirm
.any such coincidence. Not only are the other limestone beds of the region,
which do not carry metals in quantity, equally dolomitic, but in the adjoin-
ing Ten-Mile district the ore occurs in non-dolomitic limestones, and in
the Robinson mine is confined to the upper part of a limestone which is
almost chemically pure carbonate of lime, while it does not extend into the
lower part of the horizon, which carries nearly 7 per cent. of carbonate of
magnesia.

A reason which might have been offered for the greater susceptibility
of dolomite to the decomposing action of percolating waters, viz, the sup-
position that the carbonate of lime in a dolomite is first attacked, and that
thus a disintegration of the rock is readily commenced, has been disproved
in the case of the rocks of this region by the chemical experiments made,
which show that the waters act simultaneously upon both carbonates, or
rather upon the double carbonate and not upon either of its component parts.

As regards the minor differences in composition between the different
dolomites of the region, the chemical investigations which it has been pos-
sible to make furnish little more than suggestions. The beds whose phys-
ical conditions are most similar to those of the Blue Limestone, and which
are also most frequently found mineral-bearing after it, are those of the
Silurian or White Limestone.

The first striking-difference between the two is the darker color of the
former, which is presumably due to organic matter and possibly in part to
sulphide of iron, as suggested by Mr. Guyard. Chemical analysis confirms
the indications given by outward appearances, showing an appreciable
amount of organic matter in the Blue Limestone and none in the White.
If the metals were brought in in the state of sulphates, the organic matter
would promote their reduction to sulphide. On the other hand, the Robin-
son limestone, already cited, affords an instance opposed to this view, for
there it is the light-colored limestone which carries the ore, while the darker
limestone, which it may be assumed has more organic matter, is quite barren.
A second difference between the Blue and the White Limestone is that
the former contains no silica and the latter over 10 per cent. It may be
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that owing to this difference in composition the former is more %oluble,
but this could only be satisfactorily determined by a practical experiment
which should be carried on for a sufficiently long time to imitate in some
degree the processes of nature. Before undertaking such an investigation,
which would require several years for its proper conduct, it would be advis-
able to gather data from various districts to determine whether in point of
fact the silicious limestones or dolomites are in general less frequently ore-
bearing than those of normal composition.

From the above considerations it seems that in this district the main
cause of concentration of ore in the Blue Limestone has been its physical
or structural conditions, and that the influence of its peculiar composition
has been at best of minor importance

COMPOSITION OF ORES.

As at the time the materials for these investigations were gathered
underground explorations had not yet penetrated to depths which were
beyond the oxidizing influence of surface waters, a great part of the ores and
vein materials collected were necessarily of secondary origin; their compo-
sition therefore affords only indirect evidence in regard to the composition
and genesis of the original deposits by indicating the agencies and processes
by which these alterations were effected.

Independently of this evidence, however, there exist good a priori
grounds for the assumption that the original deposits were in the form of
sulphides: first, in the fact that, in ore deposits in general, oxidized ores
almost universally give place to sulphides in depth and beyond the reach
of surface waters; and, second, in that in the analogous deposits of the
adjoining Ten-Mile district oxidized ores similar to those of Leadville are
seen to result directly from the alteration of a mixture of galena, pyrite,
and zine blende.

Carbonate ores—In the following table are given the analyses of three
specimens of carbonate ore, selected as being especially free from impuri-
ties, together with that of an average taken from a thousand specimens of
carbonate ore as it is delivered by the mines to the smelters, and containing
therefore a considerable admixture of what might be considered gangue.
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No. 1, from the Adelaide mine, is an extremely pure white sand, made
up of small crystals of cerussite, and in the mass looking not unlike a
coarse white sandstone. These white sands are, as a rule, less rich in silver
than the discolored and relatively impure ones, but this has exceptionally
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 rich sand-carbonate, discolored
and appearing to contain more impurities than it really does.

No. 3, from the Waterloo mine, is also a discolored carbonate, less rich
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 Mr. Th. Fluegger,
chemist of the Harrison Reduction Works. It was made for the purpose of
showing the average proportions of the most common elements in the ore,
and it may be assumed that neither did the laboratory facilities at his
command admit of, nor his purpose demand, an equal standard of accuracy
with the others in regard to the rarer elements and their combinations.

Carbonate ores.
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In discussing the above analyses the combinations of different ele-
ments in the ores and the indications afforded.as to the state in which they
existed prior to alteration will first be considered, next the possible proc-
esses, and finally the agencies, by which this alteration may have been
effected.

- Gold exists in these ores only in traces; it has never, so far as known,
formed any considerable value in the limestone ores, except in the Florence
mine, where it has been observed in the native state. It is in this form
without doubt wherever it occurs. It is generally supposed to be most
commonly associated with pyrite in sulphuret deposits, and the assays of
the Pyritiferous Porphyry given below (Table IV, Appendix B) confirm
this hypothesis. They show, however, that it may be associated with
galena, and it is said that from the Printer Boy mine a specimen of galena
was obtained in which two crystals of this mineral were connected by a
thread of gold. Most of the small amount of gold that is produced by
Leadville mines comes from deposits in porphyry or sandstone, which
sometimes carry a little copper also. The greater part of the gold in
Leadville bullion comes from ore shipped to the smelting works from
deposits in the Archean rocks of neighboring districts.

Silver exists in the oxidized ores invariably in the form of chloride, as
far as can be judged by actual observation. With a strong lens, minute
crystals and flakes of chloride can be detected on the crystals of cerussite,
or coating cleavage surfaces and cracks in the various vein materials, even
in comparatively poor ores. The above analyses confirm this observation.
The first three show more than enough chlorine for combination with the
silver they contain. In the mixture the amount of chlorine is 0.01 less than
is required by the amount of silver; if it could be assumed that the de-
termination of chlorine was absolutely accurate, a small portion of the
silver might be assumed to be combined with the sulphur, antimnony, and
arsenic. Since there is a reasonable doubt on this point, the weight of evi-
dence is still in favor of its probable combination with chlorine.

The association of minerals in the Leadville ore deposits generally
furnishes a priori grounds for the assumption that in the original deposit
silver was in the form either of simple sulphide or of some of the antimo-

MON XIT——35
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nial or arsenical sulphides in which it commonly occurs in nature. As
regards the probability of its having existed in the latter combinations, it
is significant that in the Adelaide ore, which contains scarcely any silver,
only a trace of arsenic and no antimony are found; whereas both are pres-
ent and in appreciable quantities in the richer ores, 2 and 4. It will be
seen later that these substances are generally detected in the vein materials,
and are found in considerable quantities in the smelting products, antimony
being in relatively larger proportions than arsenic. It will also be seen that
all the vein materials and the country rocks adjoining the ore bodies contain
a small but persistent percentage of silver.

Lead occurs mainly as carbonate, sometimes as sulphate, and quite
often in the form of chloro-phosphate. In the Little Chief ore a little
sulphate still exists, but no appreciable amount of pyromorphite. In the
Adelaide ore, on the other hand, only a trace of sulphate is found, but a
notable proportion of pyromorphite, while in the Waterloo ore this mineral
amounts to 32.07 per cent., as against 61.78 per cent. of cerussite. Analysis
4 shows no pyromorphite, but the evidence of many tests of ores and vein
" materials besides those given above and the composition of smelting prod-
ucts, all show that this mineral is very common and widespread throughout
the region. The amount of carbonic acid given in Analysis 4 is notably
insufficient for the lime, magnesia, and oxide of lead. If it is assumed
that the sulphur is all combined with the latter, the mixture contains only
one part of anglesite to three parts of cerussite. Iven this is, however,
opposed to the evidence of observation, for anglesite can but rarely be seen
in the ores, whereas cerussite is most common.

That the lead originally occurred in the form of galena is shown by
the frequent occurrence of the unaltered mineral in the center of masses of
carbonate. A chemical test of one of these galena nodules showed that
between it and the carbonate was an extremely thin crust, made up mostly
of sulphate. It is, therefore, probable that in the alteration it passed first
into sulphate and then into carbonate, although the intermediate product is
not always distinguishable.

In the Iron mine a considerable amount of native sulphur, associated
with cerussite, was found as an alteration product of galena.
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Iron and manganese might be more properly considered gangue mate-
rials. They are mainly in the form of hydrated sesquioxide and protoxide,
respectively. A little protoxide of the former and peroxide of the latter ore
was found. The former may be combined as basic sulphate, which, as will
be seen later, sometimes forms considerable bodies. The latter is probably
anhydrous, as pyrolusite is frequently distinguishable in actual crystals and
sometimes forms considerable ore masses. Although no actual pyrite was
observed in the Leadville deposits, there is little doubt that iron existed in
this form in the original deposits. With regard to the original form of
manganese there is more uncertainty, as the sulphides of this metal are
relatively rare. It sometimes occurs as carbonate, in association with sul-
phides of other metals, losing its carbonic acid when they are oxidized.
It is so common.an associate of iron in oxidized ores and so seldom noticed
in unaltered sulphides that it might be thought to have been in part brought
in as oxide during secondary alteration. It is possible that some of the
iron in the ores may be combined with silica as silicate and with arsenic as
avseniate. These were not absolutely proved to exist, as it was not con-
sidered of sufficient importance to give the time necessary for the tests.

Zinc occurs in the above ores in very small proportion, and probably
in the form of silicate (calamine), since this is the only mineral of zine that
has been observed in the Leadville deposits. It is rarely visible, and gen-
erally forms fine, needle-like, silky white crystals, lining drusy cavities and
cracks or joints in the vein material- and limestone. There is little doubt
that it originally occurred as zinc blende, and, from analogy with the Ten-
Mile deposits, it may be presumed that it formed a much larger proportion
of the deposit in its original form than it does now. The much greater
solubility of its sulphate than that of the other metals would account for
its more thorough removal by surface waters.

Of other metals cobalt is the only one not already mentioned that
is detected by the above analysis. In addition to this, copper, bismuth,
molybdenum, and vanadium have been locally observed in mineral combi-
nation, and Mr. Guyard claims to have detected nickel, tin, indium, sele-
nium, tellurium, and cadmium in the furnace products.
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The earthy bases, alumina, lime, and magnesia, preserve a certain pro-
portion between each other in the three analyses. This accords with the
assumption that the deposits are a replacement of limestone, and the fact
that the apparently pure cerussite from the porphyry in the Adelaide ground
contains as much magnesia and lime as the Little Chief ore is in so far a
confirmation of the assumption on structural grounds (see p. 407) that the
ore bodies in the former mine are the replacement of fragments of Blue
Limestone caught up by the porphyry intrusion.

Silica is in relatively higher proportion in the mixture (4) as compared
with the earthy bases, but preserves a comparatively even relation to iron
oxide, which would be expected from their association in the ores in general.
It is a question whether the silica is in part in actual combination with iron
or whether it all exists as free silica. Mr. Guyard suggests that some of
the lead may exist as silicate, but this also is not definitely proved.

Chloride ores.—In the following table is given the proﬁorrional amounts
of chlorine, bromine, and iodine, respectively, in three typical chloride ores
relatively free from other minerals, tested for the purpose of determining
whether sufficiently definite quantitative relations exist between these sub-
stances to justify the recognition of more than one mineral species. 1 and
IT were obtained from the pale-green mineral, and III from a colorless

specimen,
Chlorine, bromine, and iodine.

| |
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The results are somewhat negative, and, so far as they go, lead to the
conclusion that the chloride ores are merely mixtures, in varying propor-
tions, of chloride, bromide, and iodide of silver. The green chlorides,
which are of very common occurrence, are generally called embolite, and
this application of the term is justifiable if this mineral is considered simply
an indefinite mixture. In the analyses of embolite given in Dana’s Miner-



COMPOSITION OF ORES. 249

alogy the relations of bromine to chlorine vary from 1:0.83 to 1:5.67,
but no iodine js given. In I and II, given above, the relations are 1:0.16
and 1:0.11, and all three contain a small amount of iodine.

According to Moesta,! in the mines of Chanarcillo, Chili, there is a
regular gradation in these compounds according to depth, the pure chlorides
being found in the upper levels down to a depth of 20 meters; below these
come mixtures, containing proportions of bromide increasing with the depth;
still lower iodide of silver is added to the mixture, and pure iodide of silver
occurs at sixty to seventy meters in depth, directly over the deposits of
galena and pyrite, in which the first sulphides of silver are found. It has
not been possible to detect any regularity whatever in the distribution of
these compounds in the Leadville deposits. The colorless and green chlo-
rides are the prevailing varieties, but minute yellow crystals of iodide of
silver have been observed in the deposits of the Chrysolite mine.

In Chanarcillo among secondary deposits about half the silver occurs
in the native state, and of the other half the far greater proportion occurs as
chloride or chloro-bromide, iodides being rare and the proportion of iodine
in the mixture being very small. Thus, according to Moesta, from whose
work all these statements are taken, the relative proportions of chlorine, bro-
mine, and iodine are essentially the same in which they exist in sea-water. It
may be added that the same relations exist in surface waters, and in rocks
whenever these substances have been detected in them. Moesta’s theory
with regard to the chlorides, &e., of Chanarcillo, that they were formed by
the action of sea-water (since there is evidence that the region has been
covered by the ocean within comparatively recent times), would not apply
to the Leadville deposits, for the reason that they have not been submerged
since the upheaval and erosion that brought them within the reach of sur-
face waters.

Basic ferric sulphates.—In the following table are given the analyses of
three specimens, contributed by Mr. L. D. Ricketts, from material observed
by him to frequently constitute a persistent bed under the rich ore bodies,
especially on Carbonate Hill. This material is of ocllel'dlls-}'elloxv color,

! Chlor-, Brom-und Jodverbindungen des Silbers in der Natur. Dr. Fr. A. Moesta. Marburg, 18760,
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somewhat like a dry clay, and easily recognized by its external appearance,
though, as will be seen, of very variable composition:

Basic sulphates.
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These substances are somewhat complex basic sulphates, and might
be considered to be a mixture of jarosite with varying proportions of basic
ferric sulphate. They are evidently an alteration product of pyrite and
galena, although, while nodules of galena rich in silver are occasionally
found in them, pyrite has not yet been detected. The absence of zinc in
the specimens analyzed is noteworthy, and is in accordance with the obser-
vation already made, that it has been further removed from the original
ore bodies than the other metals, presumably on account of the ready
solubility of its sulphate. The persistent percentage of the alkalies, which
were found in sensibly the same proportions in three other specimens tested,
would suggest that the waters which produced this alteration reached the
ore bodies after passing through decomposed porphyry. Their chief in-
terest lies in the definite evidence they afford that they result from the
oxidation of sulphides. Similar products have frequently been observed in
old mine openings where large bodies of pyrite have been long leached by
surface waters. Copperas first formed gradually loses a portion of its
water on exposure to the air, and the protoxide of iron becomes sesquioxide.
Further exposure leads to the formation of limonite.

Processes of alteration.—Assuming that the metals in the original deposits
existed in the form of sulphides, it comes next in order to consider the
possible processes by which the combinations noted above may have been
derived from them.

By oxidation all the metallic sulphides may be transformed into sul-
phates,’ and the relative solubility of the latter is in inverse proportion to the

! Percy’s Metallurgy of Silver and Gold, Part I. London, 1880.
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distance to which, at Leadville, the metals appear to have been removed
during secondary alteration from the original locus of deposition.

According to J. Roth, of such sulphates 100 parts of water dissolve,

respectively:
At 11° C.; 0.004383 parts
At 13° C., 0.003155 parts
At 120 C., 21.300 parts sulphate of iron.
At 41° C., 41.300 parts sulphate of zine.

The sulphate of silver is less soluble than either that of iron or of zine,

} sulphate of lead.

but probably more so than the sulphate of lead: and at 100° C. it is said to
be soluble in 88 parts of water.

Sulphide of silver may be reduced to native silver by the action of
water at 100° C., during which, according to Moesta, the water itself is
decomposed and SO, and HS are formed. Native silver is slowly converted
into chloride in waters containing alkaline chlorides.?

Sulphide of silver is converted directly into chloride of silver at ordi-
nary temperatures when exposed to the action of sulphate of sesquioxide of
iron, chloride of sodium, and water.* The presence of air is not necessary
for this reaction, but if the sulphate of protoxide of iron is substituted for
the basic sulphate, chloride of silver is not produced without the presence of
air.  This indicates that a salt of sesquioxide of iron must be formed before
the sulphide of silver is decomposed.

Moesta’s® experiments show that this reaction may take place with a
solution of NaCl alone at 100° C,, and even at 20° C., but that it is quick-
ened by the presence of chloride of magnesium, and still more by pow-
dered pyrite; also that the combination with iodine is more rapid than with
chlorine.

Sulphate of lead is transformed at the ordinary temperature into car-
bonate by solutions of fixed alkaline carbonates, and also. by those con-
taining bicarbonate of lime and atmospheric air. Carbonate of lead (cerus-
site) is soluble in 7,144 parts of water saturated with carbonic acid! In
conversion 100 parts by weight of sulphide of lead become 126.78 of sul-
phate, and this in turn 111.71 parts of carbonate of lead.® The increase

tAllgemeine Geologie, p. 59, Berlin, 1879.

¢Percy’s Metallurgy of Silver and Gold, Part I. London, 1330.

3Chlor-, Brom- und Jodberbindungen des Silbersin der Natur, p. 40, Dr. Fr. A. Moesta. Mar-
burg, 1870.

1Percy’s Metallurgy of Lead, p. 40. London, 1870. 5J. Roth, op. cit., p. 243,
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in volume from sulphide to carbonate is 28.13 per cent. Such changes of
weight and volume might account for the prevailing sandy condition of the
carbonate ores. Itmay be assumed that they were once comparatively solid
masses of galena, and during these transformations occupied, first a larger,
then a smaller space, thus leaving interstices between the minute crystals
of cerussite of which the sand carbonate consists. In the presence of phos-
phoric acid and alkaline chlorides, sulphate of lead may be transformed into
pyromorphite. Sulphate of zinc is readily transformed into carbonate, and,
as a further stage of alteration, finally becomes a silicate.

Sulphate of protoxide of iron may become carbonate in the presence
of earthy carbonates. Carbonate of protoxide by oxidation and hydration
becomes hydrated sesquioxide or limonite, which on loss of its water
becomes hematite; the latter in contact with organic matter may be reduced
to the protoxide or magnetite.

The sulphate of the protoxide may by oxidation change directly to
sulphate of sesquioxide or basic ferric sulphate, which in turn becomes
limonite and hematite.

The fact that carbonate of iron is so rarely found in the Leadville
deposits would suggest that their limonite might have been formed in the
latter way, and that the basic ferric sulphates, of which analyses are given
above, may have been formed directly from the sulphide.

Agents of alteration.— The alteration having taken place through the
agency of waters coming from the surface, it remains to consider whence
they may have derived the substances which would have facilitated the
alteration of the sulphide. Surface waters in general are said to carry a
certain amount of atmospheric oxygen, of organic matter, of chloride of
sodium, and of phosphoric acid. An analysis of surface water at Leadville,
taken from the reservoir in Big Evans gulch, was found by Mr. Hillebrand
to contain, in a million parts, K,O =1. 12, Na,0 =1. 92, SO, = 7.20, and
Cl=1.14/ )

Of the rocks through which they may have passed, out of eight erup-
tive rocks analyzed, six were found to contain phosphoric acid and five

! The Delaware River at Trenton contains 1.20 and two glacier streams in the high Alps an
average of 0.4 Cl in 1,000,000 parts.
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chlorine. Traces of phosphoric acid were found in both of the limestones
analyzed. In the Lingula shales, which directly overlie the Blue Lime-
stone, 5.14 per cent. phosphoric acid was found in the portion containing
casts of Lingula and 0.35 per cent. in that free from these casts. Chlorine
was found in each of the sixteen specimens of dolomitic limestones, from
different horizons and localities, that were tested for that substance. Bro-
mine and traces of iodine have also been detected, but they exist here, as
in sea-water, in far smaller proportions than chlorine Organic matter is
found abundantly in most of the rocks of the Carboniferous formations.
The specimen of Blue Limestone analyzed gave only 0.03 per cent., but
in the overlying Weber Grits not only are there frequent beds of carbona-
ceous shales, passing at times into actual coal, but the sandstones sometimes
contain as high as 4 per cent. of carbonaceous matter.

Relative richness of galena and cerussite.— T'he greater richness in silver of
galena over cerussite in this region is very noteworthy. Mr. L. D. Rick-
etts," who made a detailed study of the ores of Carbonate Hill, states that
the average tenor of cerussite in thatlocality is less than 40 ounces of silver
to the ton, while galena averages 145 ounces of silver to the ton. He also
states that assays of five galena nodules, and of the carbonate crusts on
each, showed that in proportion to the amount of lead present there was six
times as much silver in the galena as in the cerussite. Table XIV, Appen-
dix B, which gives the assays of various specimens of ores, vein materials,
and adjoining country rocks collected during the investigation, shows a
similar relation in the silver contents of galena (No. 15) and of its cerussite
crust (No. 16), 420 ounces and 28.6 ounces, which are in even greater con-
trast than in the cases cited above.

~ The fact that silver is found disseminated throughout the vein mate-
rials and adjoining country rocks, even where little or no lead is found,
shows that during secondary alteration silver has been further removed from
its original locus and more widely disseminated than lead. In fact, it may
be assumed that the outlines of the present bodies of lead ore vary but
little from those of the original deposits, but it would hardly be safe to
make such an assumption in regard to silver ores. It is apparent that this

!Ores of Leadville, p. 87. Princeton, 1383,
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relative distribution of the two metals was brought about by surface waters,
and is therefore dependent on the relative solubility of the combinations of
the respective metals formed during alteration.

Silver sulphate is probably more soluble than either the sulphate or the
carbonate of lead, but, as it is not known to occur as a mineral, it cannot
be assumed that silver necessarily passed through sulphate during its change
from sulphide to chloride.

The chloride of silver is said to be insoluble in pure water at ordinary
temperatures, but Vogel' and Hahn?® have shown it to be soluble to a cer-
tain extent in the alkaline chlorides. According to Stas,® it is, in a measure,
soluble in pure cold water, its solubility varying according to its physical
condition and the temperature. Its solubility is greatest when in the flaky
state, as precipitated in the cold from a sufficiently dilute solution of silver,
and diminishes as the flakes shrink. It is precipitated from the solution by
the addition of an alkaline chloride. Still further evidence of its solubility
is afforded by the occurrence of the mineral Huantajayit, discovered by Rai-
mondi in Peru,* which consists of 11 per cent. Ag Cl and 89 per cent.
NaCl.  According to Sandberger, this is readily soluble in a little water, but
an excess of water produces a precipitation of the chloride of silver. It may
therefore be assumed that chloride of silver is soluble in surface waters
under certain conditions, but is very readily precipitated from its solution.

Although the statements given above as to the relative solubilities of lead
and silver salts are not so definite as might be wished, the fact of the rela-
tively greater richness of galena over cerussite in these deposits seems so well
established as to justify inverse reasoning, namely, the deduction of an
argument in favor of the greater insolubility of the lead salts. It might be
assumed from Stas’s experiments that freshly-formed chloride of silver
(flaky) would be more soluble than carbonate of lead, but that after the
lapse of sufficient time the latter might become more soluble than the chlo-
ride of silver, especially in water charged with carbonic acid.

Outcrop deposits richer than those in depth.—['here is a fair foundation for the
generalization that in the deposits, as developed at the time of this investi-
gation, the ores were growing poorer in silver as exploration extended far-

! Wagner’s Jahres-Ber. 1874, 22, p. 481. # Compt,-rend., 1870-73, p. 998.
2Trans. A. I. M. E., 187374, p. 99. *Neunes JahrD. f. Mineralogie, 1874, p. 174.
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ther from the surface. In the case of the Iron mine the statement to this
effect by those in charge of the mine was supported by actual figures; in
other cases it was an opinion founded on general observation, which was
still worthy of credence. Whether it will continue when the unoxidized
deposits are reached remains to be proved.

A ready explanation for this condition of things may also be found in
the relative solubility of the products of alteration and in the fact that the
deposits near the present surface may be considered to be simply the relics
of larger deposits, gradually removed by erosion as the alteration by sur-
face waters went on. The original deposits may be assumed to have been
a mixture of galena, pyrite, and blende in proportions which, while subject
to a wide local variation, would bear a certain average relation throughout
the region. Given a ton of this mixture, by the alterations which have been
above noted it would probably decrease in weight, though its volume might
remain sensibly the same; zinc and iron would be removed as soluble sul-
phates, the former in greater part, the latter in very appreciable amount,
and their volume would be replaced in part by the increase in volume of
the lead during its transformation into carbonate, in part also by silica and
earthy bases brought in mechanically by the waters. Although silver salts
have been assumed above to be, in this case, more soluble than those of
lead, they are much less so than those of iron and zinc, and a relatively
small proportion of the silver would have been removed from the given
ton of ore. The space formerly occupied by this ton of ore would, therefore,
be occupied by oxidized material weighing much less than the original
ton, but which would contain, in proportion to that weight, more lead and
silver and less zinc and iron. In accordance with this explanation, the pro-
portion of lead to the ton of ore should also decrease in depth as a general
average of the district.

Again, as by gradual erosion the deposits—say, for instance, those in
the easterly-dipping beds of Carbonate and Iron Hills—approached the sur-
face, actual surface waters running down along the dip would meet bodies
composed mainly of carbonate of lead and chloride of silver. If carbonate
of lead is soluble in water containing free carbonic acid, the portion thus
dissolved would be carried away entirely, for in their continued passage
through limestone it may be assumed that the waters would preserve their
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excess of carbonic acid. The chloride of silver, on the other hand, might
be assumed to have become insoluble in the long time that had elapsed
since it was formed ; or, if any were taken up, it would probably be thrown
down again in a short distance by a slight change in the character of the
descending solutions. Thus a gradual increase in the proportions of silver
over lead would be taking place in the zone which was being brought by
the erosion of overlying rocks nearer and nearer to the surface.!

COMPOSITION OF VEIN MATERIALS.

In the remaining vein materials, which constitute the relatively value-
less portion of the deposits, iron and manganese, generally in the form
of hydrated oxides, are the most prevalent metals. Carbonate of iron is
very rarely found, and pyrite never among the oxidized ores. The com-
parative absence of zinc has already been remarked, yet this metal is quite
uniformly detected in the products of smelting. Arsenic and antimony are

!In a paper read at the Chattanooga meeting of the American Institute of Mining Engineers in
May, 1885, by Mr. F. T. Freeland, superintendent of the Iron Silver Mining Company, the following
analyses are given of sulphide ore from the Minnie mine, situated on the sontheast slope of Iron Hill,
adjoining the Colonel Sellers, made by William R. Boggs, jr. They are interesting as showing the rel-
ative distribution of silver in the different components of the unoxidized ore:

L R Iv.

Galena. | Blende. | Pyrite. | Mixture.

B 72.65 6.71 2.21 50. 86
D RS ases 5. 66 55. 08 14.24 12. 86
5 R LA SRR 1. 60 4.00 35.40 9.30
2 BT 3= Y SR 15.66 | 32.44 44.76 24.50
Ag (ounces) ........ (41.5) ! (94.5) (4.5) (11. 5)
Ag (per cent) ....... 0.14| 0.3 0.014 0.039
B S socanevavibe svas Trace | Trace |......... Trace
Residue ......oceee. 4.12 | 0.92 2.70 1.88
okl et 00.83 | 99.474 | 99.324| 90.439

His mixture, calculated from the relative amounts of Pb, Zn, and Fe, in column IV, would con-
sist of a little less than three parts of galena to one each of pyrite and blende. The tenor of silver
given for this mixture is, however, only a little over a quarter of what would result from a mixture in
these proportions of these three minerals, each having the tenor in silver given in its separate column.
It seems doubtful, therefore, if these separate values can be taken as a fair representation of the aver-
age tenor of the different sulphides in the ore. That given forzinc blende is evidently abnormally high,
as may be seen on comparison with the pyrite colnmn. This pyrite contains an admixture of about
one-fifth of its weight in zinc blende, and if this zinc blenderan as high in silver as that given in column
II, this fifth alone would yield nearly 20 ounces of silver, whereas the whole mass is said to contain only
43 ounces. The silver tenor of the galena, on the other hand, represents a fair average of the galenas
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 as much silver as this.
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only accessory constituents in either ore or vein material.

557"

The composi-

tion of some of the typical forms of vein material, taken from Table X,
Appendix B, is given below.

Vein materials.

3 7 : I - ‘ ‘ ‘ :
No.| Name. ’ Locality. Insoluble.|FeSs 'FezO:'MnOz‘ Zn0 | Ca0 MgO CO: E:g | Ag Au | Total.
l | i ‘ ignition. ;
| | |
1 i ‘“Hard Car- t Scooper 80,00 15200 ;13 91 | 0.10 ; ............................ ‘ 5.978 0.012 }Trace 100. 00
| bonate.” | mine. { | | | i i
2| Silicious hem- \ Chrysolite| 8.20 |...... |54.14 [22.36 | 2.56 |...... oot o | 12.709 10.031 |None. 100.00
| atite. mine. | ‘ ! | l w i
% t “Ironore” ...| Kenosha‘ o1 F 1 RS | 7.70 |65.98 | 1.00" ............ R | 422 10.012 !None.l 160. 00
‘I | 1 mine. l ‘ 1 l | ‘ { | !
| 4| Pyrite nu-| 53.61 (34.44 |...... [ Trace.......... e Ly ST S
| | cleus. ] ! [ “ ; ’ ‘
5 | Dark interme- | | NoName | 16.36 |...... 73.42 |......ieeees oo 0.09  *Trace 5 (135 140 o R IS (e i
| | diate zone. gulch. ‘<‘ l |
| 6! Light outer A N S T 6 RO Y LA 0.06 sTrace [ oy T G e
| zone. l | i
! | Alteved light Garden BJ0. 08 [ineves 0.810.39 |...... 27.17 |19.49 i £ 78 [ cia]ssswen feerees 100.72
I ! lime- City { ‘
| 6] TR [ e e e 0.97 l 15645 SEAS HETT - 5787 Lewseon drecocaloea oz | 100.78
9 Chert nodule . E1 Paso 6.3 | 8.06 per cent. soluble in solution of potassium hydrate, remainder chiefly
‘ mine. | Fe:0: and Al:Os.
110 Chert under | LittlePitts. ®97.9 !
ore body. burgh |
mine. '
11 Granular Waterloo »81.29 | 3.93 per cent. soluble in solution of potassinm hydrate, remainder chiefly
quartz un- | mine. | Pb, COs and Fe:0s.
der ore body. ] 1
12 Porphyry Evening %842 | Cementchiefly pyromorphite, with some cerussite and galena and a little calcite.
breccia, | Starmine.
with ore ce- ‘
ment. ! l
*80s bSi0:

No. 1 is a cavernous red rock, with slightly greasy luster, which, though

containing only a trace of lead carbonate and too little silver to pay for

working,

this miner’s term being quite elastic in its application.

combined perhaps in part with oxide of iron.

It is

is yet classed as “hard carbonate” from its outward appearance,

mainly silica,

Rock from this same mine,

of quite similar appearance, but with a few delicate crystals of cerussite

and horn silver lining the cavities, constitutes a very rich ore.

No. 2 is a dark-colored “iron ore,”

It cont

intermediate between the black
iron and the jaspery iron of the Fryer Hill mines.

ains a rather

unusual percentage of zine, and its silica contents are much lower than
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its outward appearance would indicate. Both contain a little antimony,
and the former a little PbO, which were not determined quantitatively.
Both contain also a small percentage of silver, but not enough to constitute
pay ore.

No. 3, though classed as an iron ore by the miner, is more properly an
ore of manganese.

Nos. 4, 5, and 6 are given to illustrate the different stages in the alter-
ation of pyrite, which would lead to the above vein materials. The speci-
men was obtained at some distance from Leadyville, it not being possible to
find any pyrite in the mines themselves; it occurs, however, at the Blue
Limestone horizon and in analogous conditions to the Leadville ores, except
that no rich silver-lead ores had yvet been found at the locality. No. 4 is
the comparatively unaltered pyrite nucleus; No. 5, the inner zone of alter-
ation; and No. 6, the lighter-colored outer zone. Only traces of sulphuric
acid are found in either. The percentage of metallic iron has slightly in-
creased from No. 4 to No. 5, as has that of insoluble matter; sulphur alone
has, therefore, been removed, probably as sulphate of lime. From No. 5
to No. 6 iron has disappeared rapidly and been replaced by insoluble mate-
rial; it has presumably been carried away largely as hydrated oxide, which
is probably commencing to replace the carbonates of lime and magnesia in
the adjoining rock. The rapid increase in insoluble matter could not, it
would seem, be entirely original matter, but must in part have been brought
in by the decomposing waters. The conditions here may be contrasted
with those which probably existed where the basic ferric sulphates above
described were formed. In the latter case the decomposition probably took
place within the mass of a large body of metallic salphides; here it was a
small amount of sulphide in direct contact with the country rock, and free
oxygen would have been present in relatively greater proportion, so that
the sulphide would have been more readily decomposed by the oxidation of
the iron.

Nos. 7 and 8 represent the early action of waters coming from such a
decomposition upon the country rock, in this case a fragment of Blue Lime-
stone found on the south slope of Iron Hill, near the fault. No. 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 oxides of iron and manganese
have increased only slightly in amount, and the decrease in carbonates is
mainly supplied by the increase in silica, an increase which, as in the
former case, must be mainly accounted for as coming from an extraneous
source; it was probably taken up by the waters in their passage through
the porphyry.

Nos. 9, 10, and 11 represent the most silicious forms of vein material,
comparatively free from bases. Nos. 9 and 10 are the black cherts so com-
mon in the ore bodies, and 11 the granular guartz which frequently re-
places it, especially on Carbonate Hill. In each the silica is still partly
soluble in a moderately strong solution of potash. Besides silica the two
former contain iron and alumina and probably a little organic coloring
matter. These cherts are thoroughly compact and generally form barren
streaks or floors in the ore bodies; sometimes, however, chloride of silver
is found coating their cleavage surfaces. The granular quartz, on the other
hand, which is very porous, frequently contains crystalline cerussite partly
filling the minute cavities and then constitutes an ore, though, as in the
present case, it is liable to be mistaken in the hand specimen for a white
quartzite.

No. 12 is the breccia of White Porphyry in the small ore-body which
was found above the Blue Limestone horizon, just west of the small dike
in the Evening Star ground. The percentage of silica is above the normal,
showing that the ore-bearing waters have removed a portion of the bases.
In the cementing material galena is altered partly to pyromorphite, partly
to cerussite, and the calcite may indicate that the ore-bearing solutions
reached here after passing along the limestone contact or may simply result
from the decomposition of the porphyry.

The assays of vein material and limestones in Table XTIV, Appendix B,
show that all the specimens tested carry silver in appreciable amounts, though
in the case of limestones which were gathered in the various mines, and in
that of the Breece Iron ore, the tenor in silveris much less than is generally
credited to those used as flux by the smelters. They are such amounts as
might be expected to have been carried into them by the surface waters

after leaving the ore bodies.
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Kaolin and Chinese tale—These names are given in the mines to certain
substances, evidently alteration products of porphyry, occurring with great
persistency along the contact of limestone and porphyry, where they some-
times form the only vein material, and also within the ore bodies, some-
times at quite a distance from the contact. In the latter case they probably
result in most cases from small offshoots of the porphyry, such as have been
mentioned as occurring in the Little Pittsburgh mine, and, as are shown
in Fig. 1, Plate XXII, penetrating the as yet unaltered limestone. The
characteristic Chinese tale is compact, with conchoidal fracture, somewhat
translucent, with a sort of opalescent luster, and is easily cut by the finger-
nail when fresh, but becomes opaque and hardens on exposure to the air.
White when pure, it is generally more or less discolored and veined by
oxides of iron and manganese. The miners often carve it into pipes and
figures. The so-called kaolin is white, opaque, and generally plastic, but
also hardens on exposure. No true kaolin was found among the specimens
collected. In the following table, I and II would be considered kaolins,
and ITI, IV, and V, Chinese tales. VI, VII, and VIII are specimens from
the Lower Waterloo mine, contributed by Mr. L. D. Ricketts; in spite of
their different composition, they are not to be distinguished in the hand
specimen from the Chinese tales.

Kaolin and Chinese talc.

: Mine. | 8i0: ALOs FexOs FeO | Zn0| Ca0 | Mg K:0 | Na:0 H:0| 505 | Ps0s Totals.|
| |

‘ L Amie .oooooooooo. 48.72 3401 056 0.06 ...... e LI1 9.8 | 0.67 | 442 |......poeees 100.033? ':/“C"C
IT. New Discovery.... 43.66 37.78 ...... ...... [reenn [ 0.22 1 0.30 Trace Trace 17.95 |Trace...... 99.01| “
| 1L [ Big\Pittsburgh ..... 4.56 [35.60 | 2.26 |...-%|......| Trace Trace 2.73  5.28 |15.05 55 | 100.02 | *

1V. | Morning Star....... 24.47 88.05 | 0.93 | 0.97 |...... | 0.23 | 0.30 2.72 | 1.0 [16.67 [15.48 | 0.23 | 10115 | *

V. | Swamp Angel ...... 127,80 33.70 {.-oooalomcee foeeos | 0.58 | 1.14 | 2.83 | 1.56 116,51 15.75 |...... 100.00 | 2 & °

VI | Lower Waterloo ....[35.83 [10.38 |..... |......[33.05 | 1.62 | 0.70 | .... [..... (172 B S 100.15 | 2%
7 o S e 85.97 | 8.81 |...... e [85.40 | 1.87 | 0.80 {......\.c.... 1746 | } 100.81 |
PV |t ca s i'l'ia-t 24.76 | 0.64 i ...... 118.43 | 0.6 ’ 0.71 | 0.66 0.36 im.av [oeeees }

100. 10 i

The compositions given above show that these substances are mixtures
of hydrated silicates of alumina, with more or less sulphate of alumina,
which, in the case of the last three, is replaced by silicate of zine. As is
generally the case with such alteration products, it is difficult to consider
them distinet minerals. The occurrence of zinc in the last three is some-

»
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what unexpected. Of the others, ITI is perhaps the most abnormal. In the
mine it was a pure white, extremely plastic mass, which could be molded
like plaster or potter’s clay, and became quite hard on exposure to the air.
Sulphuric acid is a very common constituent of these substances, having
been found qualitatively in each one of five other specimens taken from
widely separated parts of the district. Where the substance occurs in the
immediate vicinity of an ore body this acid may be readily conceived to
have come from the oxidation of the metallic sulphides; but in the case
of those occurring on barren contacts, far away from any known body of
metallic minerals, as is the case with V, it would seem that their formation
might date back to the passage of the sulphurous waters which brought in
the original ore deposits.

Lime and magnesia salts.— Although lime and magnesia are found in small
quantities in both ores and gangue materials, it is rath2r remarkable, when
one reflects that the country rock is a dolomitic limestone, that their minerals
are so uncommon. Caleite occurs as incrustation on crevices and lining
avities or druses in the iron, but never in any large amount. Gypsum is
rarely found, although it seems evident that it must have been one of the
most important products of alteration. It must therefore be assumed that,
owing to its ready solubility, it has been entirely carried away.

Barite.— Barite, or lleuv)' spar, is a not uncommon constituent of the
gangue, but it is very irregularly distributed. It generally occurs in aggre-
gations of tabular crystals, frequently concentrated in considerable masses,
and more or less stained by iron oxide. Chloride of silver is generally
found associated with it. This association of barite and chloride of silver
is noteworthy. Among the miners the presence of the former mineral is
considered a sure indication of rich chloride ore. In this connection it is
interesting to recall Miller’s experiments, mentioned by Sandberger,’ show-
ing that sulphide of barium dissolves pyrargyrite, or ruby silver, without
decomposition. The frequent presence of antimony in the ores and vein
materials renders it probable that a part of the silver may have originally
existed as ruby silver. Moreover, although there are no experimental proofs,
it is probable that waters containing sulphide of barium would dissolve the

! Neues Jahrbuch fiir Mineralogie, 1369, p. 209.
MON X1I——306
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sulphide, or sulpho-salts, of silver under the conditions of time and supply
which probably prevailed during the process of decomposition of the orig-
inal ore deposits. From such a solution the chlorine in the limestone might
have precipitated the silver at the same time that the sulphide of barium
was transformed into sulphate.

Manganese.— Another empirical generalization of the miners in this region
is that, where a large amount of manganese is found in the iron vein mate-
rial, rich chloride deposits are likely to be found in the immediate vicinity.
It is worthy of note in this connection that barium is a most frequent con-
stituent of manganese ores. The fact that the oxides of manganese when
treated by hydrochloric acid evolve chlorine is also suggestive. If it is
assumed that silver in its passage from sulphide to chloride passes through
sulphate, and that hydrochloric acid was formed in the surface waters, say,
by the action of sulphuric acid formed in some of the reactions that may
have taken place, the presence of manganese oxide would favor the libera-
tion of chlorine, which, in turn, would form chloride of silver from the sul-
phate when the latter came in contact with carbonate of lime, and the lime
be carried away as sulphate.

ORES DEPOSITED AS SULPHIDES.

That the ores were originally deposited as sulphides would legitimately
be assumed, from the almost universal observation in nature that such oxid-
ized ores pass into sulphides in depth. So generally is this accepted as a
rule in ore deposits that it would require special demonstration to prove
beyond a doubt that the native metals or their oxides and chlorides (except
perhaps gold, tin, and the platinum group of metals) are in any particular
case original, and not the result of secondary alteration from sulphidés.
Analogy with the deposits in the neighboring Ten-Mile district affords more
direct evidence in favor of this assumption. Moreover, 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 sulphide deposits
has been published from which it may be learned whether the metals exist
exclusively as sulphides, 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 remains, then, to consider the possible reactions which may have
brought about the deposition of ores under the circumstances and in the
manner assumed above; and in considering these it must be borne in mind
that it is not possible to reproduce in the laboratory all the conditions that
may have prevailed at the depths within the earth’s crust at which these
deposits were formed, and that therefore reactions may have taken place
and combinations may have been formed under these conditions which,
from laboratory experience alone, might not be deemed possible.

The sulphides of the heavy metals may be precipitated, according to
Roth," from various solutions: first, where they exist as sulphides, by sul-
phides of the alkalies and alkaline earths; second, where they exist as carbon-
ates and sulphates, when they come in contact with solutions containing
the alkalies and alkaline earths or sulphureted hydrogen; third, where they
exist as sulphates, which in contact with organic matter are reduced to
sulphides. The metallic sulphides are soluble in waters containing alka-
line sulphides or sulphureted hydrogen, and silica and the earthy bases in
water containing alkaline carbonates. Solfataric waters (that is, hot waters
charged with mineral matter arising from some unknown source below) are
known to contain sulphureted hydrogen and the alkaline sulphides and
carbonates. On the supposition that the metals of these deposits came up
from the unknown source below or were derived from pyrite and galena
in neighboring rocks, it might be assumed that the iron and lead at least
were actually brought in as sulphides; in this case, however, it is somewhat
difficult to conceive the reaction by which the sulphides should replace the
cabonates of lime and magnesia, and, so far as laboratory experience
teaches, it would seem necessary that the carbonates should have already
been dissolved out and carried away before the sulphides were deposited.
This apparently*involves the pre-existing cavity theory. It is, however,
conceivable that the dissolving out of the former so immediately preceded
the deposition of the latter that the process was practically an interchange
of substance for substance, or the commencement of a change from sul-
phide to sulphate may have taken place in presence of the carbonate, and

I Allgemeine Geologie, p. 563.
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the sulphate have been immediately reduced to sulphide again by organic
matter or other reducing agency.'

That the direct replacement of the dolomite by sulphides is not impos-
sible, however, seems proved by the fact that galena, zinc blende, and
pyrite are found in nature as pseudomorphs after cale spar,*and the last two,
also, as pseudomorphs after dolomite.” The sulphates of the metals are more
or less soluble in water, especially when it contains some free sulphuric
acid. Their reduction to sulphide through the agency of organic matter
is a matter of common observation.

The reactions by which the Leadville deposits might have been made
from solutions carrying the metals as sulphates are more readily conceiv-
able. In contact with dolomite containing organic matter the sulphates
would be reduced to sulphides with the formation of carbonic acid. The
waters thus charged with an excess of carbonic acid would dissolve and
remove the carbonates of lime and magnesia, which would be replaced by
the metallic sulphides. Any excess of sulphuric acid would form soluble
sulphates of lime and magnesia, which would also be carried away. If
these sulphates were reduced to sulphides they would render the waters
more capable of dissolving out the dolomite.

The metals might have been taken up in the form of sulphates by waters
percolating through rocks, where they might have been brought into this
combination by the oxidation of sulphides or by the decomposition of sili-
cates. It might also be conceived that during their passage these sulphates
would be reduced to sulphides by contact with organic matter before they
reached the locus of the deposit.

The most important objection to the hypothesis that the metals were
brought in as sulphates is that the lead sulphate is so insoluble compared
with that of iron or zinc; and yet the amount of galena in the ores was
probably greater than that of zinc blende.

Sulphide of barium would be precipitated as sulphate of baryta in con-
tact with the limestones, owing to its relatively greater insolubility than the
sulphates of lime and magnesia.

LJ. Roth, Allg. Geologie, p. 235. 2J. Roth, op. cit., p. 171. 3J. Roth, op. cit., p. 134,
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Silica, when brought in by waters containing alkaline carbonates, in
which it is notably soluble, might form silicates of the alkalies, the carbonie
acid of the latter serving, as suggested in the case of sulphides, to render -
the waters capable of carrying away the earthy carbonates. Later the com-
bined alkalies might be in part replaced by other bases, such as oxide of
iron, and in part actually dissolved out, leaving free silica.

MODE OF FORMATION.

It has been assmmed that the ores of this region were originally
deposited, first, from aqueous solutions; secondly, by a metasomatic inter-
change' with the country rock; and thirdly, in the form of sulphides. Direct
evidences of proeesses which went on in former geological epochs at great
depths below the surface are necessarily difficult to obtain, especially where,
as in the present case, the field of observation was confined to material
which has been more or less altered since those processes had ceased. It
is therefore necessary in the commencement to assume the more probable
among possible processes, and then to see to what extent the assumed pro-
cess may be reconciled with observed facts.

The agencies by which mineral matter may be carried from one place
to another within the earth’s erust are heat and water, or a combination of
the two. It was only in the very infancy of geology that heat alone was
seriously admitted to be a possible agent for the formation of mineral
deposits in depth. The nature of such deposits was soon found to be such
as to preclude the possibility that they might have resulted from the con-
solidation of a fused mass. Sublimation, on the other hand, as a means of
forming such mineral masses, involves a combination of heat, pressure, and
water, and may therefore in one sense be considered to be a form of aqueous
solution. Its practical demonstration, however, is confined to laboratory
experiments, which can at best be but an imperfect imitation of the process
of nature. The removal of the materials of which ore deposits are formed by
the agency of water alone may be observed to be going on in nature at the
present day. Hence this agency, to which, under the comparatively un-

! By metasomatic interchange is meant an interchange of substance, without necessarily involv-
ing, as does pseudomorphism, the preservation of the original form of the substance replaced or even

of its original volume.
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known conditions which prevailed where deeper-seated deposits were formed,
a certain amount of heat may have been added, is the one adopted by the
majority of students of vein phenomena to account for the removal of the
vein materials from place to place within that portion of the earth’s crust
that comes under our observation.

That it was from aqueous solutions that the Leadville vein materials
were deposited is a necessary corollary of the assumption that the deposi-
tion took place as a metasomatic interchange between them and the country
rocks, since the various materials of which they consist could have been
brought in and the dolomite and other rock substances have been removed
only by the agency of water. A further necessary corollary of the meta-
somatic interchange is that the ores were not deposited in pre-existing
cavities, as is generally assumed to be the case in ore deposits, particularly
those in limestone. The three assumptions being thus interdependent, evi-
dence in favor of either may be considered, in so far, a proof of the others,
and it will not be necessary to consider them separately. Direct evidence
that the original sulphides in the region were deposited in this manner is
necessarily difficult to obtain, where secondary alteration has gone so far as
it has in Leadville; but indirect and negative evidence is abundant. When
the unoxidized deposits have been thoroughly opened by future explora-
tions, so that it will be possible to study them in their unaltered and original
condition, an opportunity will be offered for testing the correctness of the
deductions here made.

Indirect evidence.—In their present condition there can be no doubt that
the ore bodies 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 outlines of the bodies being those which are formed by the
contact of the limestone with the adjoining porphyry; the other outlines
are irregular and ill-defined. Not only are fragments of unaltered limestone
found entirely inclosed within the ore bodies, but the latter sometimes
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 and magnesia to be constant constituents,
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decreasing proportionally from the outer limits of the body toward its inte-
rior. When these substances are in sufficiently large proportion to be visi-
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-existing cavity
and then deposited, but in the same granular condition in which they exist
in the country rock. Although it may be said that the present outlines of the
oxidized ore bodies are not necessarily the same as those of the original sul-
phide deposits, it is probable, from the study that has been made of the proc-
esses of alteration, that they preserve a general proportion and relation to
those outlines, and do not vary from them sufficiently to invalidate the deduc-
tion that the original deposits could not have been made in open caves. The
deposits in rocks other than limestone consist of metallic minerals and of
altered portions of the country rock, in which the structure of the latter can
sometimes be still traced, and are not the regular layers of matter foreign to
the country rock, which results from the filling of a pre-existing fissure or
cavity by materials brought in from a distance and deposited along the walls.

In the case of the still unaltered sulphide deposits of Ten-Mile district,
which may reasonably be assumed to have been formed in an analogous
way, the arrangement of the particles of the original rock can frequently
be seen to be preserved in the metallic minerals, which maintain a certain
parallelism with the original bedding planes in the lines defined by minute
changes in these minerals.

Negative evidence js afforded by the absence of that condition of things
which would naturally be expected to exist if the ore bodies had been
deposited in pre-existing cavities, as has been assumed to be the case by
those who have contented themselves with this a priori assumption founded
on the theory generally given in text-books, without taking time to study
the phenomena as they actually exist. The common character of caves
which have been dissolved out of limestone is that their walls are coated
with a layer of silt or clay, which has been left undissolved by the perco-
lating waters, and that these walls, where undisturbed, have a peculiar sur-
face of little cup-shaped irregularities. There is also almost invariably an
accumulation at the bottom of the cave of irregular fragments of limestone,
which have broken off from its sides or roof. Observation shows us, more-
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over, that deposits of mineral matter made in pre-existing cavities are in
more or less regular layers, parallel with the walls of the cavity, and that
where this approaches a spherical shape, even in a slight degree, these layers
are concentric. The most perfect type of this arrangement is seen in the
agates which fill geodes.

Were the ore bodies of Leadville the filling of pre-existing cavities,
not only would it be expected that a certain parallelism within the walls or an
arrangement in layers of their various mineral constituents should have ex-
isted, but these walls would have been defined by a distinct clayey selvage,
all of which could hardly have been entirely obliterated by the secondary
alteration which has taken place. Further, an examination of the outlines
of these ore bodies afforded by the maps and sections shows the physical
impossibility of their having once been open cavities. What would have
supported the roofs of such broad continuous openings as they would rep-
resent, or, in cases where they occupy sensibly the entire space between
two sheets of porphyry, why did these sheets not close together? Again,
how could such cavities have been formed at the depth at which these
deposits were originally formed, which it has been shown must have been
about 10,000 feet below the rock surface?

The caves which now exist in the limestones of this region are of
extremely recent origin, and, as has been shown, cut through limestone and
ore bodies indiseriminately. The action of the surface waters which formed
them is 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 deposits in limestone have necessarily been
deposited in pre-existing cavities do not in all cases,’ it is true, distinctly
state that these cavities must have been formed by surface waters; but it
yet remains to be proved that any of the caves which are so commonly
found in limestones have been formed at any great distance from the sur-
face. The majority certainly have not, and, since it is generally admitted
that the power of easily dissolving limestones is acquired by the waters

! Prof. J. S. Newberry (School of Mines Quarterly, March 1880) distinctly states that the west-
ern deposits in limestone have been deposited in caves which, like the Mammoth Cave, were formed by
surface waters, and that probably these deposits wiil prove of limited extent in depth, since the exca
vation of limestones ‘‘ must be confined to the zone traversed by surface drainage.”
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from the free carbonic acid and organic acids which they take up at the
surface, it seems probable that these would have been neutralized and the
solvent power largely lost long before they could have reached depths
comparable with those at which these deposits were formed.

ORIGIN OR SOURCE OF THE METALLIC MINERALS.

Ascension or lateral secretion.—T'he origin of the metallic contents of ore de-
posits has been, from the very earliest days of geology, a most fruitful theme
of speculation and theorizing, probably for the very reason that so little has
been done toward obtaining data, founded upon actual observations or
experiments, to support one theory or exclude another. In the days of the
bitter contests between Neptunists and Plutonists the supporters of either
school allowed only the extreme alternatives, that the vein materials were
washed into the veins from the surface (descension theory) or that they
were forced into them in a molten condition from below (ascension theory).
Probably in either case, in the heat of the contest, they went beyond the
real opinion of the originators of the school, for it does not appear from the
writings of Werner,' the father of the Neptunist school, that he himself
went further than to maintain that veins were filled by deposit from solu-
tions reaching them from above, without attempting to indicate the source
from which these solutions derived their metallic contents. The idea of the
original ascensionists, or more properly, injectionists, that the mineral con-
tents of ore deposits could have been injected into their present position in
a fused state, is so opposed to all observed facts that it has long since been
abandoned ; and probably no one would maintain that original ore deposits
are derived from waters at present flowing on the surface.

There still remains a tendency among writers to separate themselves
into upholders of modifications of one or the other of these original theories,
but an impartial examination of their views shows that, so far as their foun-
dation in well-ascertained facts or on legitimate deductions from these facts
goes, there is really no great essential difference between them. Thus the
French geologists, who, by the prominence given to the synthetic experi-
ments of Sénarmont, Daubrée, and others, may be considered to be the

1 A. G. Werner, Neue Theorie der Entstehung der Giinge. 1791.
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legitimate inheritors of the ascension or injection theory, now modified into
the sublimation theory, themselves admit that it is practically an aqueous
solution, even if in a gaseous form, from which they derive the metallic con-
tents of their deposits.! And among those who professedly maintain that
most ores are probably deposited by percolating waters, but who would dis-
tinguish lateral secretion from ascension or descension, there is fundament-
ally so much held in common that differences seem slight.”

That some ore deposits have necessarily been deposited from solution
is admitted by all geologists who have made special studies of the subject,
and that the greater part of them have been so formed is maintained by a
large and ever-increasing class. Geological investigations have also shown
that within the rocks forming the crust of the earth, so far as observation
has yet reached, there is a constant circulation of waters carrying more or
less mineral matter in solution, and that no rock is absolutely impermeable,
There are therefore both upward and downward currents, it being gener-
ally assumed that the latter are surface waters sinking under the influence
of gravity and the former the same waters rising under that of the internal
heat of the earth. It will be readily apparent, however, that such 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 is passing;
that there will be a tendency of waters, filling capillary passages and minute
fissures, to seek larger channels on joint, fault, and stratification planes,
along which their movement will be more free; further, that, in case of
waters passing along such channels and carrying mineral matter in solution,
this mineral matter will be deposited where the conditions of the inclosing
rock are such as to favor a chemical precipitation or interchange, and that
such precipitation will be most abundant where for any cause there is some

A. de Lapparent, Traité de Géologie, p. 1170. Paris, 1823.

2Thus Joseph Le Conte, in his article on the Genesis of Ore Deposits (Amer. Jour. of Sci., May,
1283), while devoting much space to disproving the theory of Sandberger, as exposed in his recent
Researches on Ore Deposits, is really of the same opinion as the latter on most essential points. The
main point of difference between the two appears to be that, while Le Conte maintains that the phe-
nomena of Steamboat Springs and Sulphar Bank, where deposits are actually going on at the present
day, should be taken as a type of all deposits and may serve as a basis for a general theory, Sand-
berger considers them exceptional cases and their conditions not necessarily the same that prevailed
with deposits formed at a great depth below the surface.
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interruption in the regular flow of the current, as rapidly moving waters
deposit much less readily than those whose movement is very slow.

Admitting the above conditions, it would seem, a priori, impossible to
assign any general direction of movement to currents from which ores are
deposited, and that each individual deposit must be studied by itself in
order to determine, by its geological relations, from which direction the
depositing solutions probably came. The admission that ore bodies have
been deposited by currents of circulating waters logically involves the
admission that they may have been upward, downward, or lateral currents,
according as the conditions at time of deposition favored either direction
of approach to the locus of deposit. While the determination of this direc-
tion in a special district is of the utmost importance from an economical
point of view, since by it the explorations for the continuation of ore bodies
must be largely guided, its theoretical importance as bearing upon the gen-
eral question of the origin of ore deposits seems to have been hitherto much
exaggerated.

Source of metals.— In speculations as to the source from which the metallic
contents of ore deposits are derived, a distinction should also be made
between the immediate and the ultimate source.

The ultimate source is as much a purely speculative matter as the
nebular hypothesis. Since according to this hypothesis the earth in its
present condition is the result of gradual cooling from an incandescent mass,
and since moreover the specific gravity of the rocky crust which is exposed
to observation is very much less than that of the whole mass of the earth,
it is a legitimate conclusion that the heavy metals must be in much larger
proportions in the interior of the earth than in the rocky crust. Although
this view is generally admitted by geologists at the present doy, it is evi-
dent that its basis is somewhat negative, since, like the nebular hypothesis
upon which it is founded, it cannot be proved in the present state of science
by actual experiment or observation. Volcanic emanations and thermal
springs have been found to contain metallic minerals, as have also the
waters of the ocean, but it cannot be stated definitely from what depth they
have come in the former case, nor whether, in the latter case, they may
not have been ultimately derived from the same indefinite, deep-seated



N

Sin GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

source. It would seem proper, therefore, in a practical treatise like the
present, to leave out of consideration altogether the ultimate and purely
speculative source and to confine the investigation to the more immediate
source, about which it is possible to obtain some actual and demonstrable
evidence.

As circulating waters must take up as well as throw down their metal-
lic contents, it is evident that under varying conditions the same material
may have been deposited mare than once and in more than one form since
it reached that part of the rocky crust of the earth which is open to actual
observation. There may be, therefore, intermediate sources between the
ultimate and the immediate, but which, like the ultimate, are removed from
actual demonstration.

It is common practice to say of any ore deposit, not distinctly sedi-
mentary, that it has come from below, and to rest content with this state-
ment, which, even if not susceptible of direct proof, has the merit that in
one sense it cannot be disproved. This practice evidently had its origin
in the fact that early writers upon ore deposits used as the type deposit,
upon which to found their theories, the nearly vertical fissure vein. This
they assumed to be the filling of a pre-existinig open crack, extending indefi-
nitely toward the center of the earth, by heated solutions arising from
great depths; as these solutions approached the surface of the earth and
were consequently relieved of the great pressure to which they were sub-
ject in the depths, by reason of that relief they gradually deposited their
contents on the walls of the fissure until it was completely filled. While
under the theoretical conditions assumed this hypothesis might afford an
adequate explanation of the manner of deposition in such a vein, it is by
no means proved that such conditions exist in nature, and therefore the
explanation, so readily given in most cases, is generally inadequate and not
founded upon a sufficient study of the geological conditions.

In the case of the Leadville deposits the inadequacy and even falsity
of this explanation, except as applied to the ultimate source from which the
metals may have been derived, is readily apparent.

In the first place, the geological study 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 sea water. If
they had been deposited from hot ascending solutions, as the result of a relief
of pressure, it would naturally be expected that the bulk of the deposit would
have been found in the upper part of this mass of rocks, where the pressure
was least, instead of at its base.

Secondly, as at the time of deposit the sedimentary beds in which they
occur were horizontal and relatively undisturbed, if the deposit had been
made from ascending currents it would naturally be expected that the proc-
ess of deposition should have acted from the lower surface of the beds up-
wards, instead of from the upper surface downwards, as is shown to have
been the case in the Blue Limestone, which carries the bulk of the ores.

Thirdly, as far as present investigations have extended, there is a
noticeable absence, in the region of greatest ore development, of channels
extending downwards, through which the ascending solutions might have
come. The vast majority of eruptive bodies are in the form of nearly hori-
zontal sheets, parallel with the stratification. The few approximately verti-
cal bodies that have come under observation afford no evidence that thei
walls form part of a channel through which the ore currents came up from
below,

The above considerations seem sufficiently conclusive evidence against
adopting upward currents as the direct source of the ore deposits of Lead-
ville. The principal water channel at the time of deposition was evidently
the upper contact of the Blue Limestone with an overlying porphyry, and
from this surface they penetrated downwards into the mass of the lime-
stone. It may be assumed, therefore, that the currents were descending
under the influence of gravity, rather than ascending under the influence
of heat.

It is well known that percolating waters circulate freely in every direc-
tion through massive or eruptive rocks, owing to the effect which cooling
and weathering have of splitting them into irregular blocks, while in_sedi-
mentary rocks, however permeable, the bedding-planes are naturally the
easiest for them to follow. If, then, at the time of deposition the prevailing
direction of the ore currents had been downwards, it is easy to conceive

that they would have descended freely through the overiying porphyry
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masses and would have been diverted temporarily from a vertical to a hori-
zontal course along the stratification plane of the first sedimentary bed they
reached, and that, when this was a comparatively soluble rock like the dolo-
mitic limestone of Leadville, they would eat their way gradually into it,
either from this surface or from cracks through which they were here and
there able to penetrate its mass. A downward current seems, therefore, to
best suit the facts thus far observed with regard to the Leadville deposits.
It might be objected that a downward current would not necessarily be hot,
but it has been found by experiment and observation that metallic minerals
may be taken up by cold water, though not so rapidly as by hot. More-
over, it is probable that the intrusive bodies retained for a long time suffi-
cient heat to sensibly raise the temperature of waters coming in contact with
them.

In looking, then, for the immediate source whence the waters by which
these ores were deposited derived their metallic contents, which source
should be within a limited distance of the locus of the deposits, since it can-
not be supposed that the waters would travel for a great distance through
rocks of varying composition without suffering considerable change in the
material they held in solution, it would seem natural to consider the rocks
in the vicinity of these deposits, 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, as far as circumstances would admit, selecting comparatively unal-
tered rocks, which might be supposed to retain most of their metallic con-
tents, and those sufficiently removed from any known ore channels to be
free from the suspicion of having received these contents from the waters
exuding from such channels.

This investigation 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 formulating of
any generally and universally applicable theory. On the other hand, the
weight of what may be considered actual evidence, as distinguished from
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pure speculation, seems to be in favor of the lateral-secretion theory in its
broader acceptation. Geologists whose acknowledged ability and wide
experience give weight to their opinion have already made the general-
ization that the majority of the ore deposits, whether in crystalline or in
sedimentary rocks, are found, if not in actual contact with, at least in the
immediate vicinity of, eruptive rocks. The experience of the writer would
lead him to qualify this generalization by adding that it is with the older
and generally intrusive rocks of eruptive origin that valuable ore bodies are
most frequently associated, while they are rare in regions where these rocks
only form surface flows or are outpourings of actual volcanic vents. As
there is no ground for assuming that the latter rocks would be freer from
heavy metals than the former, the reason for these associations would have
to be found in the fact that the older rocks have been exposed longer to the
action of percolating waters and the deeper rocks have been more acces-
sible to the waters containing materials that would readily dissolve the
metals.

As regards the derivation of ore materials from neighboring rocks, G.
Bischof, who has rendered most important services to geology in removing
it from a speculative to an inductive basis, first gave an authoritative and
decided opinion in these words: ' Asa general consequence of the relations
between the matrices of lodes, the rocks adjoining them, and their condition,
as well as those between different lodes, it may be inferred that all the sub-
stances contained in the lodes have been derived from the adjoining rocks.”

Both Breithaupt® and von Cotta® admit the probability of this deriva-
tion, provided the existence of the vein materials in the country rock can
be proved. Bischof had already proved this for the gangue materials, but
his investigations had not been carried further, and the existence of the
heavy metals in the country rocks still remained to be demonstrated. To
this task Dr. F. Sandberger has devoted himself, as he tells us,* since 1873.
Up to that time he had been an advocate of the ascension theory, but after
having by careful analysis detected all the vein materials of a certain dis-

1 (. Bischof, Chemical and Physical Geology, III, p. £ 18,

* Paragenesis der Mineralien, p. 119. 1849.

3 Lagerstiitten der Erze. I, p. 177; II, pp. 297 et seq. 1859
1 Untersnchungen iiber Erzgiinge. Wiesbaden, 1882,
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trict in the adjoining country rocks he was led to make extended investiga-
tions of the country rocks of ore deposits in general, not contenting himself
with a simple lump analysis of the rock, but separating out its individual
constituents and analyzing them separately. He now claims that he has
thus been able to discover all the metals occurring in veins, and that they
are mainly contained in the basic silicates of erystalline rocks, such as mica,
hornblende, and augite. He has also analyzed the waters of many thermal
springs, and concludes that the metals contained in these are not deposited
in their channels, but only at the mouths, where they are practically in con-
tact with the atmosphere, and, while he considers further similar investiga-
tions desirable, he holds that what he has already determined proves the
general inapplicability of the thermal-spring origin for fissure veins, which
have mostly been formed at depths where the influence of the atmosphere
would not be felt. Whether Dr. Sandberger’s conclusions be accepted in
their entirety or not, the results of his investigations are certainly very sug-
gestive. Both he and Bischof consider the silicates more probable sources
of the metals than the disseminated pyrites so abundantly found in erup-
tive rocks, which they hold not to be original constituents thereof.

In the present investigation it was not feasible to follow Sandberger’s
method of analyzing the separate constituents of all the different rocks,
which involves a great expenditure of time and the use of elaborate chem-
ical apparatus. Moreover, the porphyries in the vicinity of Leadville con-
tain no basic silicates in a sufficiently undecomposed state to be separated
out. Lump analyses alone were then practicable, but by the employment
of dry methods it was possible to make a greater number of tests and detect
extremely minute traces of silver and gold, which by Sandberger’s method
could hardly have been found. Lead and barium were also sought for in
the wet way. The other principal constituents of the ores, silica, iron, and
manganese, are so universally disseminated that a special search was con-
sidered unnecessary. The methods pursued and the details of the results
obtained are set forth in Appendix B. More than twice the number of
assays there given for gold and silver were originally made, but after they
had all been completed a possible source of error was discovered, which led
to a repetition of the test in the case of all for which material remained.
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The discrepancies in these were not such as to have affected the final con-
clusion, but it was considered best to publish only those whose positive
results were beyond a doubt.! Comparatively few sedimentary rocks were
tested, for the reason that in all cases where not evidently exposed to the
influence of the ore currents they were found to be barren of all the essen-
tial vein materials.

Baryta determinations—Baryta forms an essential constituent of one vari-
ety of feldspar (hyalophane), which contains from 9 to 20 per cent. of it,
and it has also been found in small amounts in andesine, oligoclase, and
orthoclase feldspars, where it is generally associated with strontia; probably
both might have been found much more frequently if analysts had made
a special search for them. As these substances are generally recognized as
possible constituents of eruptive rocks, it was not considered necessary to
make a great many tests in order to establish the possibility that the barite
in the Leadville deposits might have been derived from the neighboring
rocks. As strontium replaces barium to a certain extent in the Leadville
mineral, its occurrence is also of significance. Neither of these substances
was found in the sedimentary rocks analyzed, but from eruptive rocks were
obtained as follows:

Barium and strontium in eruptive rocks.

Rock. Locality. BaO SrO

; ‘White Porphyry ........... Culiforni_a FUIOh QUREYFL cupassusnswaibanssaied 0.03 | Trace
‘ Pyritiferous Porphyry...... WhltES HAL i 8 sl sl bt 0088 1. ooaninsa
i 10 1S SR PRSP, [ A0t L e St el i e Rk S b IR0 Lo oton
| DN s w oo SR S | White's Hill, Malvina tunnel ................. THNE Hlcaomyrs !
E Gray Porphyry -............ : Near Onota, Johnson guleh .........coooiiiiifounannaan. ; 0.08 |
| Lincoln Porphyry ......... Summit of Mount Lincoln .......coccvieniivn faieanannn. J‘ 0.07 [

POorphynite <isvesswenans oa North Mosquito amphitheater ...........cooo i o | Trace |
' Hypersthene-andesite ...... Buffalo Peaks...........coooiiias it caenn. | Trace j Trace |

In one specimen each of Mount Zion Porphyry, porphyrite, and rhy-
olite, neither baryta nor strontia was found. Thus out of eleven specimens
tested five contained baryta, five strontia, and in three neither was detected.

Lead determinations.— Lead has also been detected in feldspars, though less
frequently than baryta.

'For this reason the averages vary slightly from those assumed at the time the abstract of this
report was written,
MON XIT——37
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Among the rocks tested during this investigation it was found in a single
specimen only of sedimentary rock, a sandstone impregnated with pyrite,
probably derived from the adjoining Pyritiferous Porphyry. Asthe quanti-
tative results are given in full in Table III, Appendix B, they need only
be presented in the following abbreviated form here:

Lead in eruplive rocks.

Number of Number

Number

ock. opeelcss | contelalng | raielne
PbO. 3 found. '
| White Porphyry ..........| 2 2 0
1 Gray Porphyry .......... 1 1 0
| Lincoln Porphyry -ecc.cav. 3 2 1
! Pyritiferous Porphyry... 1 8 8 0
{ Porphyrite - c..occaenn:-. f 2 1 1
i (25 o e e S Sl 2 1 1

s e e | 18 15 3
!

Of the above specimens all except granite and porphyrite belong to a
higher geological horizon than the Blue Limestone. The results given in
Table IIT are those.which were obtained from that portion of the rock solu-
ble in strong acids. In only three cases was the insoluble part fused and
subjected to further treatment. In these cases more lead was obtained from
the insoluble part than from the soluble. It may therefore be assumed that
had the same treatment been pursued in each case the results would have
been even more conclusive as to the prevalence of lead in appreciable quan-
tities in the igneous rocks of the region. The greater portion obtained in
the second treatment existed undoubtedly in the form of silicate, since most
of the sulphide contained in the rock, whether original or secondary, would
have yielded to the acid treafment. But it does not necessarily follow that
all the lead obtained by the first treatment was associated with the pyrite,
for the analysis of pyrite from the Pyritiferous Porphyry treated separately
gives only 0.0019 per cent. PbO, while the average of eight specimens of the
rock gives 0.0020 in the soluble portion alone.

As a further illustration, Table I1I gives the result of an examination
for zinc of two rocks from the Ten-Mile district, where the ores are highly
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zinciferous. They are 0.008 and 0.0043 per cent. ZnO, respectively, with
an appreciable amount of CoO as well.  Of the granites, the one containing
lead is of eruptive type, the other rather a granite gneiss.

Had time and laboratory facilities permitted, these results might have
been greatly multiplied and the analyses made much more exhaustive ; but,
although the existence of lead in such connection inferentially implies that
of gold or silver also, it was thought wiser to obtain direct proof of the
occeurrence of these metals as well.

Silver and gold determinations.— The quantitative results of these determina-
tions, together with a statement of the methods employed, will be found in
Appendix B. The following table presents the results given in Table IV
in a condensed and more comprehensive form:

Silver and gold in eruptive rocks.

Number of  Number Number | Number
Rock. specimens | containing | containing | né;&‘:‘:’gs
tested. silver. gold. foand:
| White Porphyry...cceeeeen... 11 3 ) 8
Gray Porphyry «.coeecaeceas. 3 3 1 0 !
| Lincoln Porphyry ...cecuunn-. 6 5 0 1 |
! Pyritiferous Porphyry....... 10 9 3 1
Sacramento Porphyry ........ 1 1 0 0
| Green Porphyry .............. | 1 1 0 0
| Diorite (augite) ..oceeeeeinenn. ’ 1 1 0 0
| Porphyrite .......coooaiianan. ' 6 6 0 0 ‘
: Andesite (hornblendie) - ...... { 1 ’ 1 0 0 l
| RBYOIO . cueencenneeenenes ' 1 | 1 0 0 1}
Trachyte ......cooviceannnnn. | 1 | 1 0 0 [
L GRIE6 o e < et R s S e o 1 2 : 0 0 | 2
7 R (s [ U ‘ 44 . 32 4 12 l

In discussing the above results it is important to consider the present
condition, position, and composition of .the different rock masses. It must
be borne in mind also that the negative results are not absolute, but mean
merely that the specimen tested does not contain more than 0.0000068
per cent. of silver, or 0.002 ounce to the ton.- Such quantities are, it is true,
almost infinitely small; so also is the amount of time and water allowed for
their leaching almost infinitely great.

The White Porphyry is the most universally decomposed rock in the
region. Nowhere was it possible to obtain it in an absolutely fresh state,
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but the rock of dikes was found to most nearly approach this condition.
The three specimens which were found to contain silver came from dikes,
while all the others came from the main sheet overlying the Blue Lime-
stone. Considering this fact alone, it might be assumed that the metallic
contents had already been leached out of this sheet. On the other hand,
the rock in its unaltered, normal condition apparently contained a very
small proportion of basic silicate; and of pyrite, if it existed as an original
constituent, but little trace is left.

On the other hand, the Pyritiferous Porphyry, which stands at the
opposite end of the scale as regards its contents in gold and silver, although
generally decomposed at the surface, is less so than the White Porphyry,
and its interior is less deeply exposed, either by erosion or by underground
workings. It also contains a larger proportion of basic silicates. Its most
striking feature is the enormous amount of pyrite that it contains, amount-
ing, on an average, to about 4 per cent. of its mass. Part, at least, of
this pyrite is original, as it is found included within the crystals of quartz. .
Both pyrite and galena are occasionally found, however, coating the joint-
ing planes of the rock, in which case they are undoubtedly secondary.

From a consideration of the quantitative results given for this rock in
Table 1V, it is evident that, while the traces of gold in the rock might have
been contained in the pyrite, all the silver could not thus be accounted for.
The average assay of the ten specimens of Pyritiferous Porphyry is 0.2773
ounces Ag per ton; but one of these might be considered abnormal, since
it alone contains more than the sum of the other nine. Rejecting this, the
average of the other nine specimens is 0.0265 ounce Ag. The pyrite, sep-
arated and assayed alone, gave 0.590 ounce Ag, or 0.00131 per cent.; but
in a rock containing 4 per cent. of such pyrite, which was the estimate
obtained by a careful mechanical separatign of this material from a Pyritif-
erous Porphyry of average composition, there would only be 0.0156 ounce
Ag per ton, or less than three-fifths of the above average of nine specimens.

A mixture of galena and pyrite, also separated from the rock and
assayed by itself, gave 2.4 ounces Ag to the ton, or 0.00823 per cent. From
"Table III it is found that the eight specimens of Pyritiferous Porphyry
tested have an average of 0.002025 per cent PbO in the soluble portion, or
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what may be assumed to have been in the form of sulphide. This would
correspond to 0.002277 per cent. of impure galena, assuming impure galena
to bear the relation to PbO of eight to nine. If this galena carries 0.00823
per cent. Ag, as above, 0.002277 X 0.00823 = 0.0000177 per cent. Ag, or
0.0051 ounce to the ton, would 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 4-0.0051=0.0207 ounce, it is still less than the average,
0.0265 ounce, given for the above average rock. »

But the tests for lead show that a considerable portion is 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 assumed to be neces-
sarily associated with the lead in the rock, this would amply account for
the remaining 0.0058 ounce.

Of the other porphyries the most significant are the Lincoln and the
Gray, which, as has already been shown, are practically the same type of
rock. Both have a much larger proportion of basic silicates than the White
Porphyry. Of the two the Gray is to outward appearance the more de-
composed, but in the Lincoln Porphyry microscopical examination shows
that alteration of the basic silicates has already set in, and it is probable
that the more decomposed appearance of the Gray Porphyry is due to the
action of surface waters on the other constituents, mainly the feldspars. It
is noticeable that the Lincoln Porphyry from Clinton gulch, which con-
tains the most silver, is the only one which contains pyrite; also, that the
others are from a region where there has been a considerable concentration
of metals in ore deposits, which is not the case, so far as known, in Clinton
gulch.

With the exception of the Sacramento Porphyry the other rocks have
no apparent association with important ore deposits. It is significent that
the diorite given in Table IV contains augite, hornblende, and mica,
whereas two other diorites assayed, and in which no silver was found, con-
tained a very small proportion of basic silicates. In the recent eruptive
rocks there is also 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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entirely wanting, no silver was found, while the trachyte and andesite,
which contain more of these minerals than the Black Hill rhyolite, also
contain more silver.

Although the above facts are not sufficiently conclusive to afford ab-
solute proof that the metallic contents of the deposits were entirely derived
from the eruptive rocks, they certainly show the possibility and even prob-
ability that this source furnished a part at least of the vein materials.

The actual percentage of metals found may seem very small; on the
other hand, it should be remembered that the amount of time and of water
allowable for the leaching process may have been almost indefinitely large.
The present porphyry bodies, moreover, are of enormous extent as compared
with the actual size of the deposits, while the amount of porphyry that has
been removed by erosion since the deposits were first made, though it can-
not be accurately estimated, must have been even larger.

Possible contents of porphyry bodies—In order to show that even with the
small percentages given in the above table the possible contents of
the porphyry bodies are amply adequate to account for the amount of ore
thus far developed in the district, a hypothetical calculation will be made
based on these percentages and on the probable bulk of one of the por-
phyry bodies, taking first the amount assumed to exist now and second a
conservative estimate of the amount which existed at the time of original
ore deposition, and before any of it had been removed by erosion. For
this purpose the Pyritiferous Porphyry will be chosen, since a greater
number of tests of this rock have been made than of any other.

The present area of outcrop of the Pyritiferous Porphyry may be
taken, in round numbers, as 5,000 X 10,000 feet = 50,000,000 square feet.
If it is assumed that it originally extended westward 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 boundaries to the eastward, it would
have covered a square area of 10,000 20,000=200,000,000 square feet,
or four times the assumed area of its present outerop. The specific gravity
of Pyritiferous Porphyry, obtained as an average of four specimens, is
2.608. Therefore one ton (2,000 pounds) of this rock would occupy 12.27
cubic feet; say 124 for convenience of calculation.
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This porphyry is assumed to contain 4 per cent. of pyrite (FeS,=4.00).
From Table I1I, Appendix B, its contents of protoxide of lead, as an aver-
age of the eight specimens tested, is 0.0:02025 per cent. in the soluble por-
tion; or, assuming, from the proportion found in the insoluble portion of the
three specimens in which it was tested, that this represents only two-fifths
of the entire lead contents, the average contents of the whole rock would
be PbO=0.0050625 per cent. From Table IV the average of ten speci-
mens assayed for silver is found to be 0.2773 ounce per ton, or, rejecting
the richest of these ten specimens as above the normal, the average of the
remaining nine specimens is 0.0265 ounce silver per ton of Pyritiferous
Porphyry.

The probable thickness of the porphyry sheets it is rather difticult to
estimate. The sections as drawn give a maximum thickness of about fifteen
hundred feet, and an unknown thickness has been eroded away. It may
not be unreasonable to assume 1,000 feet as the average thickness of the
original body. From the above-assumed data would be obtained, as the
contents of the present and original areas of Pyritiferous Porphyry, re-
spectively, and on the basis of the two different values for lead and silver
given above, the following:

1 # 5 - 1
In area of pres. In area of

1 Contents of Pyritiferous Porphyry. ; Designation. ent outcrop. | assqmed oyigi.
nal body. |
' Amount of POrPRYTY -cocecsovaaeslioanposssassonass ’ 1 SR 4, 000, 000, 000 1 16, 000, 000, 000 |
{ Amount of pyrite,at 4 per cent................... JEEnE L S Tl 160, 000, 000 | 640, 600, 000 :
i Ashoantof gnlonag at 0.002025 per cent. PbO. ...... Bl ST URRE S B 8, 675, 000 34, 700, 000 |
| at 0.0050625 per cent. PbO...... TRt saiases 21, 687, 750 | 86, 751, 000 |
at 0.0265 ounce perton........ | Ounces .-.aeo--. 106, 000, 000 | 424, 000, 000 {

| Amount of silver {

at 0.2775 ounce per ton _....... ' Ounces ...o.cen | 1, 109, 000, 000 ’ 4, 436, 000, 000

To obtain an actual average of the metallic contents of this or any
other body of porphyry would have required a systema?:ic sampling of the
rock and the taking of specimens at given and equal distances, not only on
its surface but through its mass in depth, for the tests already made show
that the metals are not evenly distributed, but vary in an apparently arbi-
trary manner. Such a sampling is manifestly 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 this region it is impossible to
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trace with any degree of certainty the processes of original ore deposition.
The most that could be hoped for was to indicate the possible methods 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 these methods.
The foregoing reasons seem to favor the probability that the ores 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 the small per-
centages of the metals still existing in these rocks might furnish an ade-
quate amount of material to form the known ore bodies.

The most uncertain element in all these calculations and hypotheses 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 sections is, as
has already been stated, only hypothetical, though founded on deductions
from many actual observations and in all probability correct in its main
outlines. Still it is probable that there are more vents or channels from
below through which the bodies have reached their present position than
are shown 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 extended over areas where the ore horizon
exists at considerable depths below the surface and other eruptive channels
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 deposits
were derived, is the impossibility of determining the form and character of
the porphyry bodies. which have been removed by erosion, as they existed
at 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 ROCKS.

TABLE I.—Complete analyses of eruptive rocks and constituent minerals.

[The Coll. No. is the number given to the specimen in the collection of Leadville rocks deposited in the Nationa
Museum.

| | |

]
5 |- @ 7:8.9!10t11

3 ’ 5 OB T R
‘ i 4 | : | é '
| * | R o
2.670 2.636)........ (e S ST T BT ) T 3.307
16° C.[16° C.| ‘ 160 C.| 160 c.‘ ........ A, s (i o 2 IRl IPCs 230 C
66. 45] 68.10, 62.22 56.62 64.81] 7445 65. 04} 56.19, 51.70‘ 51.16, 50.04
B (B e PN ‘ -

| [

| |
14.87] 15. ‘ .97 f 5.73 20. 40, ! f
} 38.14{ ! 5%4 14 ?4$ 20.33{ 16 74! 15 .3! 1472 20.40 10120 172 215 291
| 2.5 2.78 i 7 SRR smtn sl 002 V0 BON S L e
A | 0.42f 1.48 L10........ 3.27]  2.91  0:56........] 4.43 18,00 c18. 36| d17. 81
S 0.00f 0.09........ L0 018 0108]" a8l e Trace~ 0.36, 0.36/ 0.12

2.00 3.04 205

7.30 4.9

0.83) 0.70 6.9 2.67 3.81 6.70

|
| PRSI (e 0.07, 0. 08I ................. l Trace ‘ .......
bt AT ’ 4.08 2.8

i ", |
2.89, 2.93 8.31 1.97 1.43 4.53; 9.’:’4i 237 (@) | (@ |-eeeenen

3.92] 340! 3.45 3.5 398 Ao 4m 2908 (9 | (@ | o
| ‘

Trace |..-... Il Trace ; 0] Ig lt;‘osb;s Trace | Trace i ........ D T PR
3 |
0. 84! 1.28) AL900] 0.92) 0.6 - 0.66 0.200 1 03| .
1.850 0.92........ {18! ‘ [ e
0.36 0.16........ | Trace | :
0. 05| e | ‘ l g
Totals ...| 100.29)........ ’100. 12 100.091100. 11 99.16 100.73| 100.50 100.35 100. 37' 99.90(100. 6410009 99. 59 [
| | | | ! | | |
aVery little FesOs3 present; FeO not determined. JA little MgO present.
bIncludes traces of Fe:0s. g Water and alkalies not tested for.
cIncludes any Fe:0s present. h By ignition; want of material prevented a second de-
dCalculated from the Fe:0: found. termination.
eMnO..

1. White Porphyry. Coll. No. 27p. Quarry in California Gulch, southwest slope of Iron Hill, near Leadville. Com-
posed chiefly of quartz orthoclase, and plagioclase; no biotite or hornblenide ; little magnetite ; no apatite ; feldspars attacked ;
muscovite and calcite secondary.

2. Muscovite crystals from White Porphyry. Sheet on south slope of Little Zion. Analysis only approximate,
being made to prove the mica to be muscovite,

3. Mount Zion Porphyry. From Little Harry shaft, Prospect Mountain.

4. Lincoln Porphyry.  Coll. No. 75. Summit of Mount Lincoln, Park County. Rock nearly fresh; contains quartz,
orthoclase (large crystals), plagioclase, biotito; biotite partly changed to chlorite, containing ratile (?) needles; some mag-
netite and apatite; calcite. .

5. Gray Porphyry. Coll. No.5%. Near Onota claim, Johnson Guleh, Leadville. Rock nearly fresh; contains quartz'
orthoclase (large crystals), plagioclase, and biotite. Details same as for 4.

Largoe pink crystals of feldspar from Gray Porphyry (No.5). Coll. No. 5%a. ) i

7. Porphyrite. Coll. No. 126 (H?vpe V of table, sce Appendix A). Near the Northern Light mine, Lower Buckskin
guleh, Park County; intrusive sheet. Contains abundant plagioclase and hornblende, and little biotite; quartz and ortho-
clase (7) in groundmnss. Magnetite and littlo apatite.

8. Porphyrite. Coll. No. 260. Typoe VI of table (see Appendix A). Head of North Fork of Mosquito gunlch, Park
County. Dikein Archean. Fresh. Much biotite and plagioclase; some quartz in groundmass. Very little hornblende,
magnetite, \?_vrlte. apatite. : 1AL 3

9. Nevadite. Coll. No.397. Northeast point of Chalk Mountain, Ten-Mile district. Contains sanidine, plagioclase,
and quartz in abundance; little biotite and magnetite. 9

10. Sanidine from Nevadite. Coll. No. 136. Southern edge of Chalk Mountain. -

11. Hypersthene-andesite. Coll, No. 144. Buffalo Peaks, Park County. Very fresh. Plagioclase and hypersthene
abundant ; considerable angite, magnetite, apatite; glass base. : :

12. Hypersthene from hypersthene.andesite. Coll. No. 144 (see 11). The hypersthene for this and the two following
analyses was separated from thie other constituents of the rock by hydrofluoric acid, as recommended by Fouqué in San-
torin et ses éruptions.

13. Same as 12, but of a different sample. F

14. Hypersthene from hypersthene-andesite. Coll. No. 150. Buffalo Peaks, Park County. Particles of undecom-
posed feldspar were visiblo attached to the erystals and fragments of hypersthene analyzed. o

5



590

GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

TaBLE 1I.—Silica and alkali determinations.

No. | No. i Rock. Variety. F Locality.
|
(] S ] Porphyry Mount Zion | Little Harry shaft, Prospect Mountam
a2 ] 2p)o.dollce sk YWERTbe ol s mmnias | Quarry, California gulch. ............
3 1 PN [, SO R A s v ‘ Above Blue Limestone, Dyer Mount-
| I ain.
a4 | 75 tdo e |l 5 T R A w Summit of Mount Lincoln ............
5 78 f--- (; (R BRSNS i e R G | Dikein eastern spurof Mount Lincoln
6 Fail onanl o, Son i A s | El Paso mine, Clinton guleh ..........
ai | 59a§. S RO BITRY e s aeas | Near Onota Claim, Johnson gulch.....
7 RS e P R Pyritiferous ...... | White's guloh. .eeenaonnenznnens
9/ (108 Eidot ey Green...... e | South head of Mosquito gulch .. ......
10 L PR ) SRR Aok Rt | Between Buckskin and Mosquito
i X | gulches. {
11 0531. B A0l o Mosquito . ........ | North Mosquito amphitheater ........ |
' bl el | (s i S s [y AR i | North face of Mount Lincoln ........ !
13 I 85a|....do ..... .| Sacramento.......| Northof East Leadville...............
14 | 1093.!... OO o ke | Silverheels ....... I Summit of eastern spur of Mount Sil-
i { ' verheels. -

L2 AR BT SRR TR [ R SR Mount Silverheels .....c.ccoeuvenesnn.
al6 126 ’ Porphyrite ...| Hornblende. ...... South wall of Buckskin guleh ........
ol 8 e | L | .Arkansas amphitheater .............
Bl ls {..-.do .........| Hornblende and ' Ten-Mile amphitheater......... ....

‘ i, | Diotite. »

199 AR S O e | Hornblende. ...... North Mosquito amphitheater ........
20} 121 | .doi..... o e e, FRR Buckskin amphitheater ....... ......
@21 260 foaiidD cearailiis [ Biotite, ... coass North Mosquito amphitheater ....... !
B 5 T80k il0 s pe ek i Ui D8 o g iy Arkansas amphitheater ............. |
231 129 [.2..d0 cinun.ns | S L) L e e e S U el
24 ! 137 | Rhyolite .-.... | Nevadite .. .....! Chalk Mountain, eastern cdge ........ }
a25 ‘ 807 § o5 Tyt | SR 7 RIS | Northeast point of Chalk Mountain. ..
26| 40| .. do........ | Liparite. | Southern end of Black Hill ..... R
27 l 268 ....do,........i....do ..... | South bankof Empire galch . . !
28ty << @0 cucinifineido ool oooel.| Near Granite, Chatfce County ........|
29 | 2004] ideii i, ' Showmg quartz .. Lmle Ellen shaft. McNulty gulch ‘
30 f 280 Zado ool ] CompacH: owvs s 55 fs v aned AU NSRSt L el |
gEist e e SRR LR s | Five miles below Salt Works, South '
i | 1 | Park. i

32| 142 Trachyte . ... Quartziferons .... Head ofLittle Union gulch ...... ...
33 | 143 | Andesite...... : Hornblende. ..... | Buffalo Peaks, northwest Peak ....... |
34 I 149 i .| Dacite...... .. Buffalo Peaks, central amphitheater..|
a3’ 144 | Hypersthene. . | Buffalo Peaks, northeast spur........
30 I 21, O e SR ) SIS RIS RN Buffalo I:'enks. base of middle peak.. -

Si02 | Ka0 '

73.50 | 8.56 |
70.74 | 260 |
(787 R

06.45 | 2.8 |
64.16 | 2.42
69.00 | ......
68.10 | 2.93
R A
05.05 |........
0B85 | cuenat
i
6801 | ..oes
e
65.08 2.57
80:42 4. . a.c
{
...... | 270 |
56.62| 1.97 |

S e
8508 hav -t ove
$08 Looiniase
8B0 . cesnana
|
3.98 | None
....... T,
8.97 | Trace

3.87 | None
2.06 | None

aComplete analysis in Table L.

b Analyzed by L. G. Eakins.

NoTeE.—Blanks in the above table denote simply that no tests were made for the substance indicated.
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TasLe 1IL.—Determinations of lead, zinc, cobalt, and barium, chiefly in ervptive rocks.

| | | RTINS T I
! | o | PHO in | in | | !
;No.[ (191‘3} Rock. ' Variety. | Locality. :oll)t(l)bllz ‘ i:)sggxi;llej Zn0 | CoO | Ba» [
' ; { ! [ portion.| portion. | ; ;
10,1 l 27p | Porphyry...| White ...... | Quarry, California gulch................ R Ty R e e B | 0.08 !
: 2 | 54b )....do ...... %....do ....... I Dike in Dolly Varden mine, Mount Bross. 0. 0028 | xbirsem A s e et J ot .
B T B R | Lincoln..... | Summit of Mount Lincoln .............. Byt E (R Ll sl )
R B SO | Gray ....o.. | Onota mine, Johnson guleh ............. {0.002¢ | 0.0034 |........looeee. o t
|5 ) e .. do .......| EagleRiver.| From surface at El Capitan mine, Ten-_ Trace. R g [ oy -.
b ‘ ‘ nessec Pass. [ | (
| 6 ‘ e e (R e i (1 S From shaft of El Capitan mine, Ten- | Trace. ......... : ........ e by {
i ’ [ ‘ | nessce Pass. 3 * ‘ ; '
[ 7 [ereses Limestone .. Blue........ | Twelve feet below ore body, El Capi- | None. |..cuieieefiveneenilernans Fovedsd :
| 3 | tan mine. ' o ,
| 8 imo ‘ Porphyrite .| Biotite...... | Arkansas amphitheater................. NOD8, [o~dcnneans B L R LT |
|9 A2 s ednre | Hornblende | Bartlett Mountain ...................... 00008 §ou e R 3o \
= J and biotite.| ‘ ; { |
? 10 1326 ‘\ Porphyry f Eagle River.| Main fork of Eagle River 9 ENE R RO e 0. 0080 = 0.0008 (e :
| 11 ‘ 269a | Xhyolite .l ............. | Little Ellen shaft, McNulty gulch . | QI T 0.0043  0.0010 |......
| 12 | 90a | Porphyry... Pyritiferous | Hartford mine, Breece Hill 13 oy R f
| 18 |- 900 {/4s o ki sa ‘ SR | L White's Hill, west of Pilot fault ¢ sl e

r 8 G e (S, T RTE O g0l S White's Hill, between Printer Girl and | 0.0013 LOORY L. . oous efetaiontenoe |
‘ ' % | Golden Edge. ' * '

o | i} PR~ (i {3 At 00 ornas LAV B e, S et iy n oSt s

16 93 O SRS do Sl ' ...... [ TS ST S ST S

i o ERE e do ) SRS | White's Hill, Melvina tunnel ...........

IR { sesnsfos . | RN B [, S Head of White's guleh ...oe..ocvinenn..
{104 Do BT e PEBIETBOY HA. . .ts % besko b e '

2047080 L2 00 s AU S atatss | Rebel Warrior mine, Ball Mountain ..../
| 21 : o4 1 7 (e IR SO (S | Wednesday tunnel, Ball Mountain......|

22 | 288 | Sandstone .. .. do....... \ Snow Bird claim, head California gulch..

28 (120 | Pyrite ...... From Pyrit- | Lalla Rookh mine, Breece Hill .........

| | iferous |
Porphyry.

! 24 | 17 | Granite..... | Archean ....| Garden City shaft, California gulch.....|

25 ‘ 2 R PO ' IR SRS SRR Northwest slope of Mosquito Peak

aComplete analysis in Table I.

" N.B.—The blank spaces under the headings PbO, ete., do not indicate absence of the respective oxides. Where no
results are given. no tests were made.

REMARKS ON TABLES I, II, AND 111,

Insoluble silicates were decomposed b& fusing with alkaline carbonates for the
determination of silica, titanie acid, and all bases except the alkalies.

Ferric oxide and alumina were separated either by pure potassium hydrate, or
more generally by ammonium sulphide, after addition of tartaric acid and ammonia.

For the determination of ferrous oxide, treatment with sulphuric acid in sealed
tubes at about 2002 C. was employed in cases where complete decomposition of the
silicates could thus be effected, and the solution titrated with potassinm permanganate.
For the decomposition of refractory silicates, pure hydrofluoric acid, distilled from
a platinum retort, was employed, the solution being effected in platinum vessels with
careful exclusion of air. The iron was then determined as above.
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Barium and strontinm were looked for in the precipitated calcium oxalate after
ignition, and estimated by the method given by Bunsen in his treatise on Mineral
Water Analyses; the purity of the resulting compounds of these elements was ascer-
tained by means of the spectroscope.

When a rock was examined merely to ascertain the presence or absence of
barium, a considerable portion (10 grams) was decomposed with hydrofluoric and sul-
phuric acids, the soluble salts were extracted with water after expulsion of the hydro-
fluoric and excess of sulphuric acids, the residue was fused with sodium carbonate,
extracted with water, and the insoluble part collected on a filter. After solution in
hydrochloric acid, the barium, if present, was thrown down with sulphuric acid, the
precipitate ignited and weighed, and after decomposition with sodium carbonate, tested
spectroscopically.!

For the estimation of the alkalies, decomposition was effected in the earlier anal-
yses by hydrofluoric and sulphuric acids; in the later by heating in a platinum cruei-
ble with calcium carbonate and ammonium chloride. The potassium was thrown down,
after weighing the mixed chlorides, as potassium-platinic chloride, and calculated from
the weight of the latter, the sodium being found by difference. Lithium could never
be detected spectroscopically in the potassium-platinic chloride, but occasionally in
the sodium salt.

Chlorine was determined by fusing with alkaline carbonate, extracting with
water, acidifying the filtrate with nitric acid, and precipitating with silver nitrate.

Phosphorus pentoxide was always determined in a separate portion of the pow-
der, and water by ignition in a hard glass tube and absorption in a weighed calcium
chloride tube. The loss in weight by treatment with acid in a suitable apparatus gave
the carbon dioxide.

For the detection and estimation of lead, large quantities (30-50 grams) were
employed. Pyrite and other soluble salts were first extracted with nitric or nitro-
hydrochloric acid; the filtrate, together with copious washings, evaporated nearly to
dryness several times with nitric acid ; the residue digested with dilute nitric acid,
and the solution and undissolved matter separated by filtration. As the insoluble
part might contain a trace of lead sulphate, a warm ammoniacal solution of ammonium
tartrate was passed repeatedly through the filter, and to the filtrate ammonium sul-
phide added. Through the previous nitric acid solution a strong current of hydrogen
sulphide gas was passed for a considerable length of time, the precipitate, mainly sul-
phur from reduction of iron salts, collected oun a filter, well washed, dried, and ignited
gently with the filter paper to volatilize the sulphur. A few drops of nitric acid were
then added, and heat was applied to dissolve the lead, mostly reduced to the metal-
lic state by the carbon of the filter paper. The solation was filtered onto a watch-

glass, and to this was added the nitric-acid solution of any lead sulphide that might

! Later investigation by the writer seems to indicate that baryta may be a far more frequent con-
stituent of eruptive rocks than has hitherto been supposed. The failure to detect it in the ignited cal-
cium oxalate, where it is usually looked for, cannot be regarded as a proof of its absence from the erup-
tive rock examined. Experience in a number of cases has shown that where baryta and lime are in
solution in as high a proportion as 1'of the former to 4 or 5 of the latter, in presence of considerable
ammoninm chloride, an almost complete separation of the two is effected by double precipitation of the
lime by ammonium oxalate. The solubility of barium oxalate appears to be increased by the presence
of magnesinm salts. An ordinary spectroscope repeatedly failed to show the faintest evidence of baritm
in the ignited calcium oxalate. This subject will be more fully 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 formed by the ignition of the precipitate by hydrogen
sulphide and have escaped solution in the nitric acid added, the residue on the filter
was exhausted with ammonium tartrate and tested with ammonium sulphide. The
contents of the watch-glass were then evaporated with two or three drops of sulphuric
acid, and finally gently heated to expel nitric 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, and weighed as sulphate. The
latter was then scraped as far as possible on charcoal, and carefully reduced with a
very little soda. The yellow coating of lead oxide was invariably formed, and in the
soda appeared minute metallic buttons, malleable and soluble in nitric acid. The
solution, concentrated to a drop or two, showed a bluish-black precipitate with hydro-
gen sulphide.

The portion of the rock insoluble in nitric or nitrohydrochloric acids, composed
of quartz and silicates, was decomposed with hydrofluorie and sulphuric acids purified
by distillation from a platinum retort, and dissolved in slightly acidified water, after
expulsion of the hydrofluoric and excess of sulphuric acids. Solution and possible
residue were then treated as in the foregoing for the separation and estimation of lead.

For the estimation of zinc and cobalt, large quantities (30 grains) were taken
and decomposition was effected by hydrofluoric acid. After evaporating with sulphuric
acid and igniting to expel the excess of the latter, solution was effected in hot water
slightly acidified; the solution saturated with hydrogen-sulphide; from the filtrate,
after oxidation, alumina and iron thrown down by ammonia; the precipitate redis-
solved in hydrochloric acid after filtration, and reprecipitated. This being repeated
once more, the combined filtrates were evaporated to a moderate volume ; the alumina
still in solution was thrown down while boiling by ammonia, and this precipitate redis-
solved and reprecipitated. To the again combined filtrates ammonium sulphide was
added to throw down zinc, manganese, cobalt, and nickel, if present; the precipitate
was treated on the filter with a mixture of one part hydrochloric acid of 1.12 sp. gr.
and six parts solution of hydrogen sulphide. The zinc and manganese in solution
were thrown down again by ammonium sulphide, the manganese (being present in very
small quantity) extracted by dilute acetic acid, while the zinc sulphide on the filter
was then brought into a weighed platinum crucible by means of hydrochloric acid,
evaporated to dryness, and ignited with mercuric oxide in the manner recommended
by Volhard. The oxide, after weighing, gave the characteristic green coloration on
igniting with cobalt nitrate. The cobalt sulphide left on the filter after extracticn
of zine and manganese was ignited with the filter, digested with nitrohydrochloric
acid; the solution rendered alkaline with ammonia; ammonium carbonate added; the
slight precipitate separated by filtration and the cobalt thrown down by potassium
hydrate. The ignited oxide tested by the method of Jorissen showed no trace of nickel.

MON XIT——38
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TABLE 1V.—Gold and silver determinations.

No. (igll)l.. Formation. Locality. pers(:é;:;'ge_ ousnlgéger onfnitgs per
1| 53 | White Porphyry...... Buckskin amphitheater, débris slope............ None
21 4w je il [\ (O e ““ Horseshoe," south wall ...... . Do.
3| 4%a|..... d0 -.eeveuneeanan.| South base ot White Ridge Do.
N A0 18 e (R e el Summit of White Ridge . Do.
§ jussatintesd) A0 sassanesuns we Four-Mile gulch ......... Do.
6. Al do st v ddas Head Four-Mile gulch ...... Do.
7.l 48 |-z3:8 A0 aie cannps snrses West end of Lamb Mountain . ..... Do.
8 | lnilataisy (i [ PR P R O Northwest slope of Sheep Mountain. Do.
81 4T )=l 1 et R ST G . O B0 e e s s e ikt Do.
101 S I d o AT S S o Dolly Va:den mine, west dike.. 0. 001, 269 0.37 1))
{ 11 54D |eses A0; rms ST (e Dolly Varden mine, cast diko .coceueeuennnn 0. 000, 481 0.14 )
{12 | 72 | Lincoln Porphyry -....| Arkansas Valley, cast side, above Howland.....|.............. None ..... None
las | e b TGl o i e R e LR .| 0.000,155 0.045 Do.
fae] el (LA B e T Mount Lincoln summit ........ e ..l 0.000,034 0.01 Do.
15| 758 |...... e (o R Mount Lincoln summit, different specimen from ' 0. 000, 024 0. 007 Do.
above.
o Uil sy i b=l 1) S R R Mount Lincoln, dike on south face.............. 0. 000, 017, 1 0. 005 Do.
17 | 251a {...... (1 e R T RestBpur AONBHEIRCOM <o« <ovsnsiinusissnstfendbonnmmovene Trace..... Do.
18 | 59a | Gray Porphyry....... Onota shaft, Johnson guleh ......cooeeaaeeaaaolll 0,000,034, 3 0.01 Do.
a10| 59a |...... T A R e | North of Onotastaft. ..o, ..o ieuecimaceasnsess a0. 000, 137 0.040 Trace
? o SN0 S8 R £ e S R e Lickscumdidrix bore-hole, Little Stray Horse 0. 000, 137 0. 040 None
Park. i
‘i 21| 84 | Sacramento Porpbyry.j Between Sacramento and Pennsylvania gulcbes.f 0. 000, 034, 3 0.01 Do.
122 | 08 | Green Porphyry...... Mosquito gulch, north wall ....... .o oo [ o 000, 017, 1 0. 005 Do.
23 | 90h | Pyritiferous Porphyry Shaft west of Tribune, Breece Hill.............. | 0.008, 68 2.533 Do.
24| 906 [.<.... [ 1 A TR T Hartford shaft, Breeco Hill ........ccoceevaeoann. 0. 000, 275 0.08 Trace
L ol I L. 0 ety S R 1L, ! Montana shaft, Breece Hill......cc.o0 conninnnn. 0. 000, 045 0.013 Do.
L ] R Galena and pyrite ... " South of Ace of Hearts, Breece Hill............. 0. 008, 23 2.400 0. 033
871249 | Byrite.ciiusssovidnans Q Shaft west of Ohio Bonanza, Breece Hill ........ 0.001, 34 0, 390 0.130
28 |......| Pyritiferous Porphyry South fork of White's gulch......cccooaaiaiian. 0.000,113 0.033 | 1))
3] Ve, DA (i P e e ey S . Comstock Tunnel, White's Hill..o.. .coueun... .| 0.000,113 0.033 53]
=1 O, 0 0 -eeeeeevenne...| West of Pilot fault, White's Hill................ 0. 000, 103 0.030 Trace
811 906 |.ecza B0 s H e ’ Head of White's guleh .oceee vomeeieinanaaennn. None ....... None ..... None
{7 iPpe il s e d0 ...ccouuveenn..| Above Pilot mine, Printer Boy Hill.... ........ 0. 000, 034, 3 0.01 Do.
33 ! 93b |...--. 80 s risaacstens t Above Oro City, south side of California gulch.. 0. 000, 054, 8 0.016 4]
34| Ma| ..... 40 5= dnc b arinn | Rebel Warrior shaft, Ball Mountain ............ 0. 000, 079, 1 0. 023 None
85| 118 | Dloxtte “sus. cxsavnvnaes ' Red amphitheater, Buckskin guleh ............. 0. 000, 013, 7 0. 004 Do.
36'| 124 | Porphyrite........... | Bartlett Mountain, near summit . ..........c.... 0.000,192, 5 0. 056 Do.
87 | 119D }...... i [ R S Buckskin amphitheater, débris slope ........... 0. 000, 048 0.014 Do.
U U T B A0 sosrds b o st il i o S T SRR NSRS, (I SC T S 57 Trace (?) Do.
39 ' 266 150 [ AR e e - : ‘““Horseshoe " dike in 1imestone ...... coeeeences]ioiinann. ... 00 s . Do.
40° [ 120~ Ji2-.. 00 e e e | Arkansas amphitheater ................. 0. 000, 017, 1 0. 005 Do.
FollisT o e Aol T e L 0. 000, 006, 8 0.002 Do.
42 | 140 | Rhyolite..acoceeeenaes | Black Hill, South Park 0. 000, 068, 7 0. 020 Do.
43| 142 | Trachyte -.eeeveeenn.. | Head of Union gulch........ 0. 000, 092, 8 0.027 Do.
M l 143 | Hornblende-andesite . ' West slope of Buffalo Peaks 0.000, 103 0. 030 Do.
J G T (653 {7 e Qe O | Big Evans golch...... ......... Do.
46 ‘ ............ Ao sscidalodesad Yankee Hill, south of Logan shaft Do.
i

a Complete analysis of this specimen in Table T.
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REMARKS ON TABLL IV.

For the estimation of such extremely small quantities of silver and gold as it was
supposed some of the eruptive rocks from the Leadville region might contain, and
even for their detection alone, a most extreme degree of care and precaution was
imperative. It being necessary to operate upon large quantities of material, it was
decided to make the determinations by crucible assay, this process combining the
greatest accuracy with the least expenditure of time. It was found, however, after a
number of tests, that none of the lead or litharge obtainable was sufficiently free from
silver for the present pnrpose. The silver contained in the lead or litharge used for
an assay was generally so largely in excess of that in the powdered rock mixed with
it that the prills of silver obtained from the regular assay upon rock known to contain
silver and from a check assay upon the lead or litharge alone frequently differed in
weight only within the allowable limits of error. Recourse was then had to lead
acetate, of which several lots were examined. These were all found much freer from
silver than either of the substarces previously tested, and one lot of commercial acetate
from Mallinckrodt & Co., of Saint Louis, Mo., was used for all the assays tabulated
above.

Preparatory to using, it was dehydrated by fusing in a large iron vessel till
sudden swelling up and solidification of the whole mass took place, and then finely
pulverized. This material, containing about 73 per cent. of lead by assay, was found
by repeated tests, conducted, as given below, upon the same amounts as used for the
rock assays, to carry 0.004 ounce silver per ton of 2,000 pounds, or 0.0000137 per cent.,
including a trace of gold far too small for estimation. The latter was left on solution
of the silver in nitric acid as a minute black speck, indistinguishable without the aid
of alens. By collecting into one button the silver from 500 to 600 grams of dehy-
drated lead acetate, parting with great care, bringing the gold upon a sheet of white
writing paper and flattening it out with a knife blade, the yellow reflection of gold
could readily be observed by examination with a lens, and sometimes with the naked
eye.

The process of assay was as follows: Four Hessian crucibles, of suitable size,
were each charged with one assay ton (29,166 milligrams) of the sample to be assayed.
two and one-half assay tons of the dehydrated lead acetate, and a proportionate
amount of a flux consisting of soda, borax, and a little argol. After mixing well, a
layer of salt was placed on top, and, if much pyrite was present, an iron nail inserted,
The four charged crucibles were then placel covered in a wind furnace fired by coke,
and left, with proper regulation and final strong increase of temperature, till fusion
was complete. The contents were then poured into molds,‘the lead reguli, weighing
each about 55 grams, reduced by scorification in a muffle to a smaller size, the reduced
reguli united two and two and rescorified, and the two resulting therefrom again
united and reduced by scorification to a single button of suitable size for cupellation.
Toward the end of cupellation, which was always conducted with the greatest care
and, as nearly as possible, under the same conditions of temperature for each assay,
the button was poured from its cupel into another one immediately behind the first,
in order that the cupellation might be finished upon a smooth bottom. If this precau-
tion was neglected, the silver button was occasionally not to be found in the roughened
surface of the cupel. After a little experience, no loss need 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 difference in weight of 0.02 milligram with great exactness
and of 0.01 milligram with tolerable accuracy. After deducting from the weight of
silver found that due to the lead acetate, which, where ten assay tons had been used,
would be 0.04 milligram, division of the remainder, if any, by the number of assay
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 contains 29,166.6 milligrams. The
silver was then dissolved in nitric acid, but the presence of a trace of gold, derived
from the lead acetate, rendered the detection of gold from the rock impossible, unless
its amount considerably exceeded that of the lead salt. An example will best show
the degree of accuracy attainable. Suppose rock and lead acetate to have been taken
in the usual amounts: Four assay tons (116.66 grams) of the former to ten assay tons
(291.66 grams) 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, the
number of assay tons of rock tested, gives 0.005 ounce per ton as the accurate result.
Had the weight been 0.05 milligram, the correctness of the result, 0.0025 ounce, might
be more open to doubt, as the balance cannot be counted upon to indicate differences
of only 0.01 milligram with certainty. Hence, for the 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 had been increased
without at the same time increasing the lead acetate. In the case of No. 41 it was
impossible to decide from 4 assay tons whether silver was present or not, though the
weight seemed to slightly exceed 0.04 milligram. By doubling the amount of sample
and using still only ten assay tons of lead acetate, the weight of the silver sensibly
increased, thus showing beyond reasonable doubt that {he rock was argentiferous. 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 sufficient to extract and collect the silver entirely.

LIMESTONES.

TaBLeE V.—Complete analyses. Dolomitic limestones.

v \.—_“—d”-” AR |
Ca0 | MgO MnO FeO 6 CO: SiOz“Al:OJ Fean[ K20 | Na20 H:20| SOs ‘P10s Cl1 l I Org.| FeSz | Totals.
I f il B e = ) e k_; e ey T W e |
X 2880 AT AT |l l 10.83 40.91 184 | 1.66 | 1.51 0.017 [0.029 0.48 | ..... ‘Tmcelo.os 1Traoeal..... ......!mo.wsl
5 5

. 130.79 21.14 Trace .24 46.84 | 0.21 ‘ 0.27 | 0.21 [0.030 [0.062 '0.22 |Trace|Trace|0. 10
| | | | |

.....4.;0.03 |Trace 100. 142 |
@ 0.000,022, 5 per cent. R =

w S

I. Type of the Silurian or White Limestone. Coll. No.164. From quarry in California gulch.
II. Type of the Lower Carboniferous or Blue Limestone. Coll. No.170. Silver Wave claim, Iron Hill.
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REMARKS ON TABLE V.

The carbon dioxide and the water of the above analyses were estimated as in
the case of the ernptive rocks; the one by loss in weight upon treatment with hydro-
" chloric acid in a suitable apparatus, the other by absorption in a calcium chloride
tube.

The organic matter of Analysis II was determined by an ordinary combustion
analysis, after dissolving a considerable quantity of the rock in dilute hydrochlorie
acid and collecting and drying the insoluble matter upon an asbestus filter. The car-
bon dioxide formed was caught in potash bulbs and weighed. For 58 parts of carbon
found, 100 parts of organic matter were assumed, as recommended by Fresenius.

The trace of iodine shown in Analysis I was detected and estimated by dissolv-
ing one pound of the dolomite in nitric acid, precipitating the cblorine and iodine as
silver salts, reducing the latter by zine and sulphuric acid, separating the iodine by
addition of potassium nitrite, collecting it in carbon disulphide, and titrating with a
dilute solution of sodium hyposulphite. Bromine could not be detected. The chlorine
was determined on from five to ten grams of rock by precipitation with silver nitrate
from a nitric acid solution.

The alkalies were estimated by igniting twenty grams of the finely powdered
rock in small portions in a platinum crucible to expel carbon dioxide, extracting with
water and proceeding as in ordinary alkali determinations. As the amounts of alka-
lies found did not exceed those required by the chlorine to form chlorides, but rather
fell slightly below, due perhaps to partial volatilization during the preliminary calci-
nation, it seems probable that the chlorine is combined with sodium and potassium,
and possibly small quantities of calcium and magnesium. i

It was found that by boiling the powder with water without previous calcination
a portion of the chlorine and alkali could be extracted, and that the amount increased
as the pulverization was more perfect. The total amount of chlorine thus capable of
extraction never equaled that actually present in the rock, however. Microscopical ex-
amination showed the dolomites to be full of extremely minute fluid inclusions. If the
chlorine was derived from these inclusions, where it might be held as sodium and po-
tassium chlorides, a ready explanation is afforded for the incomplete extractibility of
the chlorine by boiling water. By no mechanical pulverization could suck a perfect
subdivision of the particles be effected as to expose all the inclusions; a considerable
proportion would still remain intact and vetain a corresponding amount of chlorine.
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TABLE VI.—Lime, magnesia, ar.d chlorine dclerminations.

MINING INDUSTRY OF LEADVILLE.

Robinson limestone, lower bed .

|

20 ‘ ...... : 25 .do ............. Robinson limestone, upper bed . ......c.oeuueaiae..
21 ‘ 198 | Trias ...ccevnnnns ‘ (Con. fracture) Silverheels, between Fairplay andComo’
22 i 198a|‘ a0 e sty (Con. fracture) first ridge west of Crooked Creek..... |
23 | 4101]. o do St ase ; (Con. fracture) Jacque Mountain, near summit .......
28 Yooy Telan ¥ s ooosais Calcareous shale, near flume northeasc of Fairplay..

25 | ovnataias 7i (s eSS R (T (T e SRR I e e Tt et (gt o)
. P Lake beds ........ Marl from Greenback shaft, Graham Park......... o

7. 54
16.18
34. 84
48.63

No. | CI‘(I)E ! Horizon. Locality. CaCOs aMpCOs | Cl

1 153 | Cambrian. . } Below Excelsior mine, Buckskin guleh ........ ... 25.43 4.03 Trace

2 | 1530} .-c@0 . oo ..| Monte Cristo Ridge, Quandary Peak........cc.ee..a-. 46. 05 86.71 Do.

3 153a| Silurian .| Dyer Mountain, marbleized bed ««..e.eeeneeneeeen. 53.16 43.43 Do.
b4 | 164 | ...do . .| Quarry in California guleh..ceeeiaraacnicnncoanonanss 47.50 36. 56 0. 05
B fmewsnfcs ~ 0 L icsehvasaeey Below; )Dyer Mine, Dyer Mountain (light blue, com- 36.27 21.73 Trace

| pact).
6 be i T s e e Below (Byer mine, Dyer Mountain (pinkish, decom- 34.30 20. 12 Do.
posed).

B W TR R R Red amphitheater, Buckskin guleh. ... . ..o oo 49.30 32,49 Do.
b8 i 170 | Blue Limestone...| Silver Wave claim, Iron Hill .........c....... ... 54.98 44.39 0.10
9 | 286 |....do . .| Dunkin mine, Fryer Iill (lime-sand) ccoceenvneennni.n. 55.14 44.29 Trace

10| 285 ..do. Chrysolite mine, Fryer Hill (lime-sand)............... 54. 09 43.79 Do.

1 | 170b ... do A o AT b S R SO R o JUERIUR SIS L el R i Y, Do.

12 | 170a .. do . .| Ridge south of Sacramento mine ........... .....ce..... 56. 80 41.89 Do.

13| 17 lbl. ...do .. .| Sacramento mine, Spring Valley .....cccoceeninnn..n. 54.30 44.383 |v Do.

14 I 174 ....do . .| South slope of White Ridgze, Horseshoe gulch......... 52.77 36.01 Do.
[ .| London mine, London Mountain .........ccoeeeiennn. 52. 86 4049 |- ooieenns
) .| Ridge west of Mount Silverheels, Park County....... | 54.34 43.82 |¥  Trace

East bank of Beaver Creek ......... .. cececerean.n.. ’ ?

Beaver Creek, west base of Mount Silverheels........

aIncludes (FeMn)COs.

REMARKS ON

bComplete analysis in Table V.
N. B.—Blank spaces in above table denote that no tests were made.

TABLE VL

The above figures for calecium and magnesium carbonates have been calculated
Jfrom the lime and magnesia actually found. With exception of two numbers indicated
by b, the chlorine was determined only qualitatively and noted as “trace,” although
generally present in quantity sufficient for estimation.

TaBLE VII.—Serpentine and amphibole from dolomitic limestones.

| | ‘ i | ‘ [
No.| Gl | 810, | ALOs | FeaOsifiFeO | MnO 1 Ca0 | MgO | K:O |NaO| Hi0 | CO: ‘{ P.0s | Cl |Total,
e ‘ ;
I ! ...... 40.15 | 0.93 L.28 | 1005 -ceccn 2.08 | 40.03 |......|...... @l2.88 | 1.60 Trucel ..... 100. 00
IT i 161 (17.64 | 0.99 0.62 | 0.18 |Trace| 32.24 | 19.0L |Trace 0.07 | 8.72 | 25.33 | 0.05 (.08 | 99.93
III i 161a [55.21 | 2.02 0.38 | 8.19|0.20 | 13.50 | 23.20 |...... Tracol 107 |-oacaicleeciealncic 98. 97
a By difference.

I. A layer of pure serpentine on limestone from east side of Red Amphitheater, Buckskin guleh, Park County.

II. Limestone thoroughly impregnated with serpentine, producing a light-yellow rock. No pyroxcne or amphibole
Same locality.
ITI. Amphibole with some pyroxene from limestone containing serpentine. Same locality.

visible under the microscope.



ORES AND VEIN MATERIALS. 599

REMARKS ON TABLE VII.

In connection with the serpentine of Analysis I, it was found by treatment of
the powdered rock with very dilute hydrochloric acid that the carbon dioxide was
combined entirely with lime. That the rock is a true serpentine appears from a cal-
culation of the oxygen ratios.

Oxygen percentages. Oxygen ratios. ‘

i
funs |
|

Si0: = 21.413 RO(FeOM20) : Si02 : H20 |
FeO = 0.233} 16.245 1:1.818:0.705
MgO = 16.012 8:8.95 :211
H:0 =11.449 | Required by theory 3:4  :2

Analysis 11, after deducting caleium carbonate, shows the residue to have a com-
position approximating to that of serpentine.

The mineral of which IIT is the analysis was obtained in an apparently pure state
by treatment with dilute hydrochloric acid, whereby 164 per cent. of the whole went
into solution and was found to consist chiefly of calcium carbonate, with a little mag-
nesia, ferrous oxide, and phosphorus pentoxide. :

ORES AND VEIN MATERIALS.

TABLE VIII.—Sand carbonafes.

) II. IIT.

Adelaide. | Little Chief. | Waterloo.

80. 352 75. 408 77.980
0: 444 1.415
0.467 1.940 |.

Less O for Cl.. K M P | 3

L. Sand Carbonate, Ore Coll. No. 86, Adelaide mine, North Tron Hill.
II. Sand Carbonate, Ore Coll. No. 83, Little Chief wine, Fryer Hill.
III. Sand Carbonate, Waterloo mine, Carbonate Hill.
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REMARKS ON TABLE VIIIL

Consideration of Analysis I shows that the carbon dioxide is insufficient for com-
bination with all the lead oxide, and that the chlorine (entirely soluble in nitric acid)
and the phosphorus pentoxide bear to one another the exact ratio of chlorine and
phosphorus pentoxide in the mineral pyromorphite; 3(3PbO, P,(Q;)4PbCl,.) Caleu-
lating from the chlorine there is found to be 9.75 per cent. of this mineral. The carbon
dioxide is, then, somewhat more than sufficient for the remaining lead oxide, forming
86.60 per cent. of cerussite, PbCOs.

The silver exists in the state of chloride, as shown by extracting it from a large
amount of ore with ammonia.

A portion of the ferrous oxide is present as magnetite. The slight excess of car-
bon dioxide above that required for the lead is probably combined with ferrous, man-
ganous, and calcium oxides.

Analysis IT shows plainly that pyromorphite is practically absent from the spec-
imen of ore from the Little Chief mine. The lead exists mainly as carbonate, with a
little sulphate, and probably a small amount of antimoniate. A yellow substance left
unattacked with the silica and silver chloride ore, on treating with nitric acid, gave
reactions for lead and antimony. The silver exists altogether in the state of chloride
and could be completely extracted by ammonia. The total chlorine, found by fusion
with alkaline carbonates, extraction with water, and subsequent precipitation with
silver nitrate, is slightly in ¢xecess of that required by the silver, but it was found that
a few hundredths of 1 per cent. was present in a combination soluble in water.

Only the chief constituents from the ore in the Waterloo mine (Analysis III)
were estimated. Starting from the chlorine, which represents that soluble in nitric
acid alone, the ore is found by calculation to contain 32.07 per cent. of pyromophite
and 61.78 per cent. of cerussite, the carbon dioxide exactly sufficing for the lead oxide
left after combining the elements of pyromorphite. An excess of 1.44 per cent. phos-
phorus pentoxide is probably combined with alumina, of which & considerable amount
was found to be present.

TABLE IX.—Chloro-bromo-iodides of silver.

s Sl 5127 l JII.
! T : ¥ Ay s
Cl.ooovis 13.78 9. 80 99.925 | L O:e Coll. No. 39. Robert E Lee minc, Fiyer Hill.
Brioi .o 85. 63 89,00 L ovndd
s SR 0.59 0 21 0.075 |
100.00 | 100.00 | 100.000 | II Ore Coll. No.30c. Amio mine, Fryer Hill.
| AgCl.... 21.59 .75 | 99.966 |
A 1
AgBr..... 77.99 0 | 2. IIL. OreColl. No. 37. Big Pittsburgh mine, Fryer Hill.
AgEe o 0.42 0.16 |  0.034 |
100.00 | 100.00 | 109.000
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REMARKS ON TABLE IX.

The figures in the upper series represent the relative proportions of Cl, Br, and
I; those in the second series, the percentages of the corresponding silver salts.

The ore specimens, having first been treated with nitric acid to extract any solu-
ble chlorine salts, were then subjected to the reducing action of zine and sulphuric
acid, whereby the silver salts were entirely reduced. To the filtered solution, contain-
ing all the chlorine, bromine, and iodine, potassium nitrite was added, the liberated
iodine collected in carbon disulphide, separated with the latter by filtration, and esti-
mated by titration with dilute sodium hyposulphite solution. The chlorine and bro-
mine were then thrown down by silver nitrate, the precipitate was washed thoroughly
by decantation, brought entirely into a tared vessel, fused, and weighed. As suffi-
cient material had been taken to insure several grams weight of mixed chloride and
bromide, the estimation of the halogens by entire conversion into silver chloride in a
current of chlorine gas was repeated on different portions with very closely agreeing
results, of which the above are the mean. In Analysis IIIa qualitative test failed to
indicate the presence of a trace of bromine, and the fused silver chloride, when heated
in chlorine gas, showed no change whatever in weight. The silver in the ore, reduced
by the action of zine and sulphurie acid, was not estimated. The figures in the second
horizontal series above are therefore obtained by caleulation from the chlorine, bromine,
and iodine found. In Analysis I the proportion of AgCl:AgBr is 4:11, while in
Analysis IT it is 1:4.
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TABLE X.— Various ores and vein materials.

N. B.—With the exceptions noted, blanks in the table denote ‘‘no tests.”

1. ‘*Hard carbonate,” Scuoper mine, Yankee Hill.
2. ‘*Silicious ore,” El Capitan mine, Taylor Hill.
3. “Gold ore,” Ore Coll. No. 60, El Capitan mine, Taylor Hill.
4. Silicious hematite, Ore Coll. No. 84, Chrysolite mine.
5. “‘Iron ore,” Ore Coll. No. 90, Kenosha mine, Long and Derry Hill.
6. Altered limestone (iight material), Garden City mine.
7. Altered limestone (dark material), Garden City mine.
8, 9, and 10. Specimen showing py1ite altering to a light ocherous mass. Ore Coll No. 44, No Name gulch, Lake Co.
8. Nucleus of pyrite. 9. Dark zone. 10. Light outer zone.
11. White filling in chert nodule from porphyry, Ore Coll. No. 300b, Ben Burb shaft.
12. Chert nodule, Ore Coll. No. 209, El Paso shaft.
13. Breceia with ore cement, Ore Coll. No. 53, Evening Star mine.
14. Chert under ore body, Little Pittsburgh mine.
15. Granular guartz under ore, Ore Coll. No. 3a, Waterloo mine.

Insoluble.

H0 5
Ignttioni v ish setietificvunnifian s
AE~iouins
AR ousia Trace | 0.011 0. 0004, BRORIY. Lassiuids v oo aouts o dasin favamima No Bt O S v o s W B oo b i s vl wuwsFoanaision

Totals..|100. 000 l100.000 100. 000 |100.000 i78.90 | 100.72 [100. 78 41 |100. 00 {100. 00 |

a Remainder Fez03 and Al:0s, no water.

b Remainder Fe:Oz and Al:Os. Of the SiO: 3.06 per cent. was soluble in a moderately strong solution of potassium
hydrate.

¢ Cementing material chiefly pyromgrphite, with some galena and cerussite, also a little calcite.

d Remainder chiefly PbCOs and Fez03; of the silica 8.93 per cent. was soluble in a moderately strong solution of
potassinm hydrcate.

¢ By difference.

f Calculated.

g By difference; includes some PbO and Sb20;.

h By difference; includes a little Sbz0;.

i Remainder chiefly SiOa.

J Remainder is SOz and H20.

REMARKS ON TABLE X,

The analyses of the above table were made without view to completeness, the
object being in the majority of cases to ascertain merely the general nature of the ore
or material under hand. As this appears at a glance from the tabulated results, fur-
ther remarks are unnecessary except iu the case of 8,9, and 10. The specimen showed
a nucleus of granular pyrite in process of decomposition, ferric oxide being observable
throughout the mass. This very irregular nucleus was inclosed in an envelope of dark-
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brown hydrated ferric oxice, the boundaries being in places rather sharply defined, in
others indistinct. The dark zone was in turn surrounded by a zone of light-brown
oxide, the line of demarcation being very regular and sharply defined. The dark oxide
was compact and flinty; the light oxide also compact, but less hard.

TaBLE XI.—Alteration products of porphyry.

| |
< Ore . | | i | | |
;\o.i CN(I)I. Local name. | Si0: | Al:Os | Fe:03 ' FeO| ZnO | CaO 1 Mg0 .K-IOINaaO; H:0 S0s ;Totals.‘
ATRE = ‘ | e ! i | r
| i : AT ‘_ ST ek e 1
1 ; 55b i Kaolin...... 48.72 | 34.01 D8 150508 | 1 ool b Lo i L1l i 9.88 | 0.67 | 4.42|........ ! 100. 03
2| G Chinesetalo| 43.36 57.78  ....... AT e 0.22| 0.30| Trace | 17.95| Trace | 99.61 |
3| 56c | Kaolin...... 4.55| 35.60| 2.96 [.cceiifiennnn.] Trace | Trace | 2.73 | 5.28 | 15.05 | 84,55 | 100.00 |
| | { | i i !
{ l | [ | |
4| 56 | Chinese tale| 24.47 1 38,05 l 008 10T | e 5 e 0.23 0.80 | 2.72 | 1.30 | 16.67 ! 15.48 101 15a
{F -~ 58D {0 do i 27.89I B0 s s | 053| L14| 28 | 1.56 ‘ b16.51 | 15.75  100.00
| | ‘r b5 |
| | | | |
| O] 10 ldo.. 35.83 i 1%, ) DR el 83.05 162| 0.71|..... L 19.06 | ...... 100.15 |
7 105a j....do ....... 35.97 | BEBE R ety \' 35.40 1.87 0.80 [..onon]ianans 1.8 o o~ 100. 81 |
, 8| 105b 00 5 e 87.54 l 24.76 | ¢0.64 |...... ‘A 18.43 ' 0.63 ’ 0.71 | 0.66 1 0.36 | 16.37 [........ 100. 10 |
a Includcs 0.23 P2Os. b By difference. ¢ Present as a visible impurity.
1. Amie mine, in gre body. Ore Coll. No. 55b.
2. New Discovery mine. Ore Coll. No. 55a.
3. Big Pittsburgh, contact of Gray Porphyry. Ore Coll. No. 56b.
4. Morning Star mine. Ore Coll. No. 56,
5. Swamp Angel tunnel, contact of White Porphyry. Ore Coll. No. 56b.
6. Lower Waterloo mine. Ore Coll. No. 105a.
7. Lower Waterloo mine. Ore Coll. No. 105a.
8. Lower Waterloo mine. Ore Coll. No. 105b.

REMARKS ON TABLE XI.

Owing to the indefinite nature of the greater part of the peculiar products of
alteration represented by analysis in the above table, it is impossible to ascribe to them
distinctive names. Notwithstanding the great external similarity of all but the first
of the specimens examined, they have been found to differ most widely in composi-
tion, though, aside from the above exception, three distinct groups may be recognized,
namely : First, simple hydrated alaminiam silicates allied to kaolinite; second, mixed
aluminium silicates and aluminium and alkali sulphates, likewise hydrated; and, third,
certain hydrated aluminium and zine silicates, also mixtures.

In the following are given the distinctive physical and chemiecal characteristics,
accompanied by brief discussions of the analytical results:

No. 1, grayish white; compact, but of hardness considerably less than 1, rabbing
off on the fingers; luster, pearly; insoluble in hydrochloric acid. Evidently derived
directly from porphyry, since honeycombed remnants of feldspar erystals, and even
large crystals, an inch in length, showing rough faces, occur imbedded in the mass.
Under the microscope it appears to consist of crystalline scales without definite form.

In order to obtain material for analysis free from undecomposed feldspar, it was
slightly erushed and stirred with water in a beaker, whereby it became thoroughly dis-
integrated, the fine matter floating and imparting to the water a beautiful satiny
appearance similar to that frequently observable in streams receiving the tailings from
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stamp mills, while the gritty particles fell to the bottom. By pouring off the sus-
pended matter, allowing to settle, decanting the supernatant liquid, and drying the
slimy deposit, an apparently pure matter was obtained, showing the pearly luster of
the original mass, and containing, like that, when air-dried, about one-quarter of 1
per cent. of hygroscopic moisture. This is not included in the above analysis. No
further loss occurred on prolonged heating until a temperature considerably above
1000 C. was reached, while a strong red heat was requisite for complete expulsion of
the water.

No altogether satisfactory formula can be deduced from the figures in the table.
On dividing the molecular value by that for water, as being most accurately deter-
mined, the ratio is found to be

SiOz H 1\1203 : RQ(R)O : H20

9.93 4.09 1.87 3.00
or, approximately,
3 (10 S G s

As no other specimens of a similar nature, from the Amie or other mines, have
been observed, by analysis of which it could be ascertained whether the above ratio
remains constant or not, it would be rash to affirm that the material analyzed repre-
sents a distinet mineral species, the final product of the alteration of the porphyry
from which it is derived.

No. 2, pure white, veined with manganese dioxide ; compact, hardness about 2,
rubbing off on the fingers when dry. When fresh and moist, frequently greenish in
color, opaline in appearance, and semi-transparent, especially on the thin edges, becom-
ing opaque on exposure. Insoluble in hydrochloric acid. Portions free from MnO,
taken for analysis.

It was found that after two or three years’ exposure to the air a large amount
of water, 3.36 per cent. of that given in the analysis, was still retained in a very weak
state of combination, apparently as hygroscopic moisture, since it escaped over sul-
phuric acid. No farther loss oceurred on heating at 100° C., nor below 160° C. to 1700
C., although blackening took place, due to carbonization of organic matter. Dried
over sulphuarie acid or at 1000 C., the powder was so extremely hygroscopic that it was
deemed advisable to make the analysis upon air-dried material. The percentage of
loosely combined or hygroscopic water was found to decrease slowly on long exposure
of lumps to the air, so slowly as to be perceptible only at intervals of a month or more.
Deducting all water driven off at 100° C., the molecular ratio SiO, : ALO; : H,O is
1.98 : 1.00 : 2.20, thus showing the substance to be closely allied to kaolinite.!

Nos. 3, 4, and 5. In general appearance 4 and 5 differ little from the substance
last described. Color, white, streaked frequently with iron and manganese oxides;
hardness, after long exposure, in case of 5, about 24. Practically insoluble in hydro-
chlorie acid. No. 3 is pure white, and resembles 1; it contained no 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.

' The same is found in the Morning Star consolidated group of mines according to L. D. Ricketts,
one of whose published analyses (The Ores of Leadville, Princeton, 1883) shows a ratio SiO; : Al,Oy :
Hy0 =2 : 1 : 3, probably including hygroscopic or weakly combined water.
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The air-dried material of 4 and 5 was analyzed, since, when dried over sulphuric
acid or at 100° C., the hygroscopicity was such as to render accurate weighing out of
the question. In very few hours No. 5 reabsorbed, when exposed in the air, over half
of the 4.58 per cent. 6f moistare 10st at 100° C.

Consideration of the analyses, coupled with the observed insolubility in hydro-
chloric acid, shows beyond reasonable doubt that these bodies are mixtures of alunite,
K,;S0,4 (Al,)S;0,.42Hg(Aly)Og, corresponding in formula to the jarosite of the following
table, or of an allied mineral, with different indefinite hydrated aluminium-calcium-
magnesium silicates. If the supjosed alunite is 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 in each
analysis.

From the fact of No. 3, which is mainly an aluminium-alkali sulphate, containing
no weakly combined or hygroscopic water, the hygroscopicity appears to be a prop-
erty of the hydrated aluminium silicates.

Nos. 6,7,and 8. Similarin appearance to the simple hydrated aluminium silicates
represented by analysis 2. Nos. 6 and 7 were taken by Mr. L. D. Ricketts from one
locality in the mine, No. 8 from another. The first and second were not to be distin-
guished from each other by the eye, being brilliantly white (greenish under certain
conditions of light), opaline and semi-transparent, while the third was veined with
iron and manganese oxides and possessed in a less degree the pronounced conchoidal
fracture of the others. On exposure they became opaque, and after some months
possessed a hardness of about 3. Nos. 6and 7 were entirely and readily decomposed by
strong hydrochloric acid when finely pulverized, while upon 8 the action of the acid
was not so marked, though still energetic. The hygroscopicity of these substances,
especiall© of the first and second, is extraordinary. Over sulphuric acid No. 6 lost
11.64 per cent. of water, while No. 7 lost 10.26 and No. 8 but 5.30 per cent., these
amounts being included in the tabulated results of analysis. Exposure to a tempera-
ture of 100° C., and even 15t° C., occasioned no further loss in weight, but the presence
of organic matter made itself manifest Ly the blackening of the powder. The.dried
material reabsorbed moisture with great rapidity. It was at first supposed that these
were. mixtures of calamine with some hydrated aluminium silicate. But if from the
molecular values those for zine oxide are eliminated and proportionate amounts for
silica and water subtracted, on the supposition that calamine is present, the. ratios
Letween the remaining molecular values are not the same as should be the case if the
mixture consisted in all these cases of calamine and one other definitely constituted
mineral. Moreover, on decomposing with hydrochloric acid no gelatinization takes
place, and not even a trace of silica goes into solution, an argument against the pos-
sibility of the presence of either calamine or willemite. The molecular values, con-
sidered altogether for each analysis, do not present relations sufficiently definite to
allow of supposing any one of the specimens to represent a single mineral species.
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TABLE XII.—Alteration products of galena and pyrite.

O | | | ‘ " {
No. | Clrltl,. SiOz‘( Fex0s | ALOs | CaO | MgO | K:0| Na:O | H:0 | PbO Bi:Os| As:Os | P:Os| SOs Cl
No. | {

Totals. |
2 | ‘ ! | 1 F 2 ‘1
1+ | 1068 | one| 46.70 | Nomo | 0.06 | o0.08|5.33| 1.88| 10.56| 427 |0.08| o0.48)0.08| s0.58]0.02] sos1|
2| 1060 0.30 | 42.98| 0.20 | 0.64 | Nomo [ 6.31| 0.83| 10.12 | 8.27 |None| 0.42 l 1.58 | 27.81(0.26 | 99,72
2| 1060 | 0.36 | 44.40| 0.28 |None| Nome | 0.15| 0.37| 899 19.50 |Nome| 0.39[0.11| 25.07 0.04 | 901 |
gl e A B R o B T e e ‘ I
A T e el S S Y b ‘»o.su'i i et |
6?108(‘% ................................. i].mi OiiBeleraday ey
7 100g |oooeoe s e B LY BCL A SR o

1. From Maid of Erin mine, under White Porphyry. Contains 0.0048 Ag and trace of Au.
2. From Morning Star (I'orsaken) mine, under Gray Porphyry. Contains 0.0036 Ag.

3. From Lower Waterloo mine, under Gray Porphyry. Contains 0.075 Ag.

4. From Morning Star (Forsaken), under Gray Porphyry.

5. From Morning Star (Forsaken), under Gray Porphyry.

6. From Morning Star (Forsaken), under Gray Porphyry.

7. From Silver Cord mine, under White Porphyry.

REMARKS ON TABLE XII.

Notwithstanding the great similarity in appearance of all the specimens of which
the above are analyses they are rather complex mixtures in very varying proportions
of several mineral substances. They all show a similar chemical behavior. Heated
in a closed tube, water is first evolved, the substance then changes from an ocherous,
or sometimes brownish yellow, to dark brown, and later sulphuric and sulphurous acids
escape. Thesame changes occur in an open tube. On charcoal with soda there appears
sometimes a slight coating of arsenic trioxide, accompanied by a smell of arsenic and the
reaction for lead. Entirely insoluble in boiling water. Nitric acid in the cold extracts
part of the lead oxide; also, arsenic and phosphorus pentoxides and usually chlorine.
Continued boiling with nitric acid seems to decompose the iron minerals completely.
Warm hydrochlorie acid effects complete decomposition, and no trace of a ferrous salt
can be detected, even if solution has been effected in an atmosphere of carbon dioxide.
Caustic alkalies also decompose them completely, all the sulphur trioxide and arsenic
and phosphorus pentoxides going into solution, whereby the analysis is materially sim-
plified. Various tests, combined with a consideration of the three complete analyses,
show that the lead is present as anglesite and pyromorphite': in No. 2 as the latter
mineral alone, the lead oxide, phosphorus pentoxide, and chlorine being in the
exact proportions required for the formula (3PbO, P,0s)+PbCl,. The As,Os is not
present in the corresponding chloro-arseniate of lead, as shown by the fact that
the proportion of P,0O; to that part of the Cl not combined with silver is always the
same as in pyromorphite, and that there is insufficient lead for both phosphorus and
arsenic pentoxides together, as in No. 2, where it exactly suffices for the phosphorus
pentoxide. The arsenic pentoxide is therefore undoubtedly present as a hydrated
ferric arseniate. By combining in the first place chlorine and phosphorus pentoxide
with lead oxide and the remainder of the latter with sulphur trioxide, definite conclu-
sions may be reached as to the composition of the remainder of the mixture. Analyses

IThe pyromorphite is sometimes visible in bunches of small crystals. .
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land 2 (especially the latter) show that the chief constituent in these cases is probably
Jarosite, KySO,+ (Fe;)S;0,,4+-2Hg(Fe,)Og.  As there remains a slight excess of SO, and
Fe,0; after combining the constituents of this mineral on the basis of the alkalies
present, a basic ferric sulphate is to be assumed as a further constituent of the mixture.

Analysis 3 shows little pyromorphite, much anglesite, little jarosite, and much
hydrated basic ferric sulphate, of which latter it is impossible to determine the formula
definitely, since it is not known how much ferric oxide and water may be combined
with the arsenic pentoxide.

The remaining partial analyses were made to ascertain whether or not the alkalies
were constant constituents of this class of products of alteration of the original vein
material. Qualitative tests showed that pyromorphite and anglesite were occasionally
present in greater amount than shown in analyses 1, 2, and 3. Arsenic pentoxide was
found in very considerable quantity in the material from the Silver Cord mine (7).

TABLE XIII.—Miscellaneous alteration products.

1 I ‘ Fosl | 2. |
P o @03} | i Soluble | Loss by
i Rock. | Locality. 8i0: | rridsl K0 (N0 ST ostion, | Totals.

London mine ..... 7.2 14.5 ;| 3.8/| 0.7

39300 sxdoins esehen 72.8
- ' New York mine . 75.8
4 | Altered White Limestone......... Buffalo Peaks..... 97.1
| 5| Altered Blue Limestone 97.7
15 ek A 2. -do - o L
7 | Fiipt Kerneld ........ccoeemeaennn. a0 o ahss swnss 09816 l..coovncas RS e e i
8 Altered opaline coatingd.......... .... 80 cxssenceisins [ {3 018 SRS et st

[ |

s

a Consists of calcium carbonate, with a little magnesium and less manganese carbonate.

b Specific gravity at 183° C. = 2.570. Hardness, 6.

¢ Soluble in strong solution of potassinm hydrate after four to five hours' digestion = 65.73 per cent.
d Specific gravity at 16§ C. = 2.023. Hardness 5.5.

¢ Soluble in strong solution of potassium hydrate after four to five hours' digestion = 97.42.
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TaBLE XIV.—Assays of ores, vein material

8, and country rocks.

18 |

2B

end.

Cooxi? 1 Name. Mine. Remarks. Ag. Au.
No. | ;
Oz. per ton. | Oz. per ton.
Matchless, near Hibernia.......... | Crystals of cerussite.. 682. 90 None
.| Morning Star, fourth level north ...| Compact..... 10. 00 ane
.| Morning Star, first level south ...... ‘White sand . 41. 00 None
.| Waterloo, on Forsaken line......... Dark colored . 13. 80 Do.
...... () (e RS R R B St SRR S S LR 25.40 Trace
Long und Derry -------cacovmcnirees beras eres Ay 22.10 None
Exl'enifg Star, on Catalpaline, second | With cerussite........ 82.20 Trace
evel. .
Dunkin, between first and second |.......ccoeeuiinaniannns 17.90 Do.
levels.
Evening Star, on Morning Starline.| ........cccoieiiiiaaa. 33. 80 None
.| Niles-Augusta....ccooecanuaracnnenn 93.40 Do.
o N S R e e In limestone .. 8100 Trace
.| Scooper, east drift ..ol Very silicious. 850 Do.
Dunkin, apper €vel .ccceeceacaccsnd]icananacnannns 353. 20 None
THEN IO S OWEE o remansasa v s thnoae]soms i enon 516. 40 Do.
Waterloo, near Forsaken line .......\ ... ...... 420. 00 Trace
27e | Cerussite crust on ...... do cees cevecee I‘ ........................ 28. 60 None
No. 15. ‘| \ ‘
........ Galena................, Dunkin, above ore body ............| Cementing porphyry | 443.80 Do.
i breccia. |
27b | Galena, blende, and | A. Y. mine, 150 feet deep . ...coeecuuiioinmmeninirinaranans 9.80 | Do.
pyrite.
28d | Galena and pyrite ....| Ontario, Breece Hill ................ Gashvein in porphyry . 20. 00 Trace
51 | Copper ore............ Florence, winze on north drift......| ... ...... ... ... ! 2.90 | Strong tr
49 1 Qold-010 =S ivicmvanifasonis G (R R M s R S S el S S S S A 2.00 0.10
48" f.osd (i (S e Lower Printer Boy, middle shaft, |........................ 0.50 | Strong tr
second station.
ST AATDIIt AL 120000k b s S i e g L 5 16. 00 Trace
Ghrysolitel. 2w ol ciliiioicaaa. R ST 9.10 None
Amie; Jower Dody-.-oxccnenmcacsione | Hydrated ........... 2.90 Do.
i New DiSCOVOry ..cocuevcarrrencncces FOBPOYY 2 oviseiinssnames 0. 50 Do.
Across the Ocean .......ccceeuuunen. Cavernous ............ 1.10 Do.
o Blackiron .....coceans Chrysolite-Vulture No. 1 ........... Manganiferous ....... 7.80 0.20
.............. G0 e vt IR, BPPET WOrKInR: . . vsasiis e s @0 wvvivsmnianan i 3.90 None
l........| Hematito ............| Breece Iron, upper shaft............ A e g 0.30 | Do.
| With pyrite .......... Trace..... | Do.
....... I’yrolusite............% Crescent, lower shaft .............. Barren contact ....... 4.00 Do.
Country rocks. ; .‘
Catalpa, east incline, near bottom...| Black and altered..... 0. 50 Do.
...... 40 ..eeeeeieacacnncaccaneea....| Another specimen .... 0.30 Do.
Climax, lower level south.......... Altered contact....... 0.40 Do.
Amie No. 2, 273 feet deep . .......... AMBred ...t iurven e 0. 50 Trace
Daunkin, north end third level....... Altered Blue Limestone 0.70 None
.| Chrysolite, west of Vulture No.1...| Near rich ore body.... 85.70 Trace
Chrysolite, near Little Chief line ...| In ore body - ...c...... 0.70 Do.
Clrysolite, second level, northwest | In porphyry ..c....... 0. 40 None
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ARGENTIFEROUS LEAD SMELTING AT LEADVILLE.'

INTRODUCTION.

When Mr. S. F. Emmons intrusted me with the duty of reporting on the smelters
of Leadville, he directed me to insist on the mechanical appliances offering a special
interest, to lay special stress on the chemical phenomena of the blast furnaces, and to
examine carefully the different furnace products of the smelting works. The fact that
metals and other substances sparingly distributed throughout the mineral deposits of
the Leadville mining camp are concentrated in these products gave a special interest
in this study, which had a direct bearing upon the geology and mineralogy of the
district under survey.

The fine analytical laboratory of the Survey in Denver made this study possible;
and I trust that the numerous new facts and discoveries resulting from it will prove
interesting and useful, not only to the metallurgist and miner, but also to the chemist
and geologist.

In order to render as intelligible as possible the description of the plant, appa-
ratus, and implements used in smelting in Leadville, I took the measurement of the
most interesting portions, and made from them rough sketches, which were afterwards
completed and corrected by Mr. W. H. Leffingwell, assistant topographer of the Survey.
The disposition of the inside of inacecessible parts, such as the dust-chambers, was ex-
plained to me by the superintendents of the smelters. Some tracings of furnaces,
blast apparatus, and dust-chambers were kindly given by Messrs. Billing and Eilers,
owners of the Utah smelter; James Brierton, of the Harrison Reduction Works; August
Werner, of the Elgin Smelter; and by Messrs. Fraser and Chalmers, of Chicago, man-
ufacturers of a great number of the furnaces and smelting implements used in Leadville.
The full deseription of the crushers and blowers was also kindly communicated to me
by the respective manufacturers. The sketches accompanying this report, most of
which are drawn to scale, have been prepared from these data by Mr. Morris Bien,
assistant topographer, and engraved by Mr. Julius Bien, the well-known engraver.

tIn consequence of the sudden death of Mr. Antony Guyard at Paris, France, on the 20th of
March, 1884, it was impossible to have his aid in the final revision of this report for the press. In
making this revision I have received most important assistance from Mr. W. F. Hillebrand, who was
present in the laboratory at the time Mr. Guyard was making his analyses. We have confined onr
changes to obvious clerical errors in calculations, and to minor alterations of language which would
render his meaning clearer, changes which in no way affect his conclusions. It is possible that could
Mr. Guyard have been personally consulted he might have made other modifications in his report,
but, in view of his great experience and reputation as a metallurgical chemist, I have not felt
authorized to do more than offer a few suggestions in foot-notes, where his meaning seems obscure or

liable to be misunderstood. (8. F. E.)
613
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During my visits to the smelters, I was received everywhere with the greatest
courtesy, both by miners and superintendents, supplied with all information, and
allowed to inspect thoroughly every part of the works. I was at the same time re-
quested not to publish the names of the smelters in connection with information which
might betray their private interests. In compliance with this request, in the follow-
ing report the principal smelters have been designated by letters in all cases where
it seemed possible that the publishing of their names might be detrimental to their
interests. All analyses, where not otherwise specifically designated, have been made
by me in the laboratory of the Survey.

SECTION 1.

PRELIMINARY CONDITIONS OF SMELTING.

LEADVILLE.

Situation.—The city of Leadville is situated 10,150 feet above the level of the sea,
in the Rocky Mountains, valley of the Arkansas, California mining district, Lake
County, State of Colorado. It is placed in direct communication with Denver, the
capital of Colorado, and thence with the east, by means of the Denver and South Park
Railroad and the Denver and Rio Grande Railroad, both lines running on the same
track between Buena Vista and Leadville.

The young city ot Leadville, which did not exist three years ago, is full of bustle,
life, and excitement, and had a population at the last census (1880) of about 15,000
inhabitants, but which fluctuates a good deal. It is built on a mesa or terrace formed
of rearranged moraine material brought down by large glaciers which once existed
there, and is surrounded on all sides by hills and mountains rising from three to four
thousand feet above its level. The most conspicuous points are: on the west side,
Mount Elbert and Mount Massive; on the east side, Ball Mountain, the Mosquito Pass,
and Mount Sheridan; and on the north side, Mount Zion, above the Arkansas River.

MINES.

Most of the lead and silver mines are situated to the eastward of Leadville (north-
east, due east, and southeast), in the localities known as Fryer Hill, Carbonate Hill,
Iron Hill, Printer Boy Hill, Long and Derry Hill, Little Ellen Hill, Stray Horse gulch,
and ITowa guleh. 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 information was kindly communicated by Mr. E. Jacob, geol-
ogical assistant to Mr. S. F. Emmons, and the output data were taken from the Lead-
ville Weekly and Monthly Circular, which receives its information direct from the
mine superintendents.

In Table I is given the daily output of the working mines, whose names are
arranged alphabetically and grouped according to locality.



OUTPUT OF LEADVILLE MINES.

TABLE I.—Leadrille mines.

Name of mine.

‘_ Chief rocks passed through by
| the shafts.

CRryROBte <1 v o hanans
OTMAX S oovinnstmveanmants

HIbODIB. nve cdsciinnpeassns
Tittle Chief.. .. .ccoaciun.
Little Pittsburgh .........
MBUChIORY cacit 2 mcansinn

Robert E.Lee -e.cccvean-.
Virginins..ococovseicasis

Carbonate Hill.

Carbonate .....cceeveeenn.
Catalpaiorie. il Nosna
Crescent and ZEtna . ......
Evening Star .............
HOrSARENL seStsneiu Cotect
Half Way House..........
Little Giant ..............
Morning Star .............
Pendery and Glass .......
Yankee Doodle ...........

Stray Horse gulch.
Double Decker ..........

North Iron Hill.
Adelaide: sensinan s sans
Argentine and Camp Bird.

Iron Hill.
RO DA 3o vnss’e wismmsabns
La Plata ...
Silver Wave.
Smuggler..
LHOBOR st Sy s s vaEs

Dome Hill.
Rock and Dome ..........

Yankee Hill.
ORteftalit s s isvseivinns %

Breece Hill.
Broace Iron. : .sc s sseavas
Colorado Prince ..........
Highland Chief...........
Little Prince .......cc....
MIner Boy.c-cccinavs sess

Little Ellen Hill.
Little Ellen...............
Vixglolusevvis ovsseviay

Long and Derry Hill.
Beloherwiiencasssvivners
Long and Derry ..........

|
! |
Wash and White Porphyry ...|
...... ", £, R A R RN

RUArRIte o sh e s s

White and Gray Porphyry....
‘White Porphyry «c.ccvsaises oo |

‘White Porphyry ..-........... |
‘White Porphyry and limes(one.{
Gray Porphyry and limeetone.!
Quarry in Gray Porphyry ..... ‘
QUArEEItE | oaci covni Fou i ban !

‘White Porphyry .....ccca. .. .
Blue Limestone ...............

LAMestone sassesvasicsaraneaes
White Porphyry ... ceeeee.n. ‘

i
Daily out- . Date of |
putin tons. output. |

30 | Aug. 21,1880
75 | Aug. 21,1880 |
20 | Aug. 21,1880

8 | Aug. 21,1880
12 | July 15,1880
110 | Aug. 21,1880 |
25 | Aug. 21,1880 {
25 | Dec. 4,1880
40 Aug. 21, 1880
10 | Aung. 24,1880

. 20, 1879 |
. 20,1879
10 | Aug. 21,1880
10 | Aug. 21,1880

60 | Dec. 4,1880
20 | Aug. 21,1880
10 | Dec. 20,1879

5 | Aug. 21,1880 |
65 | Aug. 21,1880 |
20 | Aug. 21,1880 |

5 | Dec. 20,1879
24 | Dec. 20,1879 |
5 | Dec. 20,1879
10 | Dec. 20,1879 |

150 | Aug. 21,1880 |

20 | Aug. 21,1880 |
18 | Aug. 21,1880 i
5 | Dec. 20,1879
15 | Dec. 20,1879

|

|

|

2 | Aug 21,1880

8 | Aug. 21,1880
. 20,1879 |

5 | Dec. 20,1879
5 | Dec. 20,1879
10 | Aug. 7,1880
5 | Dec. 20,1879
5 | Dec. 20,1879 ;
5 | Dec. 20,1879 {

615



616 GEOLOGY AND MINING INDUSTRY OF LEADVILLE,

The aggregate daily output of the mines whose output has not been indicated
in Table I reaches 30 tons, and the average daily output for all the mines may be said
to reach from 700 to 800 tons during the year. It will be seen that the smelting
capacity of the camp of Leadyville is about 700 tons per 24 hours, so that the margin
left for the shipment of ore is rather small.

ORES.

In Leadville the ore deposits are almost invariably found in limestone, which they
apparently have replaced. Table I shows that the ore deposits are only reached
through masses of various porphyries, and ocecasionally, at the outcrops, through
limestone.

Description.—The ores of Leadville, composed chiefly of carbonate of lead or cerus-
site and of galena or sulphuret of lead, are divided into two great classes, the hard
carbonates or lumps and the sand or soft carbonates, and each class is subdivided and
designated by letters or numbers, according to the assay contents and value. In these
ores silver exists chiefly in the state of chloride and of chloro-bromo-iodide. Some of
the constituents of the ores have been found in an isolated state; pyromorphite, or
chloro-phosphate of lead, and wulfenite, or molybdate of lead, in the Little Chief mine;
anglesite, or sulphate of lead, in most mines; silicate of lead in small reddish crystals;
an as yet unknown mineral in the Evening Star mine (this mineral was found by Mr.
Emmons and examined by myself, but the quantity was not sufficient to make a com-
plete examination);! cerargyrite, or chloride of silver, in the Chrysolite mine, and em-
bolite, or chloro-bromide of silver, in most mines ; shapbachite, or sulphuret of bismuth,
lead, and silver,in the Florence mine ; and bismuthiferous lanarkite, or sulfato-carbonate
of lead and bismuth, in the same mine.

Chief ores.—The following deseription will show what are the chief ores in the prin-
cipal mines:

Adelaide.—Large crystals of cerussile, cemented by coarse clay.

Agassiz.—Sand. Light-yellow ocher.

Belcher.—Hard. Compact masses of mixed oxides of iron and manganese, im-
pregnated with small and indistinet erystals of galena and cerussite.

Catalpa.—Hard. Flinty-looking masses of eéven grain, impregnated with indis-
tinet cerussite crystals. This is the typiecal ¢ hard carbonate” of the camp.

Chrysolite—Hard. Masses of indistinet erystals of cerussite, cemented by oxides
of iron and manganese, both anhydrous and hydrated ; color, brown, reddish, and
yvellow.

Crescent.—Sand. Pale-yellow ocher and pale-yellow and whitish masses.

Dunkin.—Hard. Fine crystalline galena, imbedded in a hard silicious cement;
also distinet and indistinet crystals of galena in a kind of chert.

Dunkin.—Sand. Light-yellow ocher.

Dyer.—Hard. Flint, impregnated with galena.

Evening Star.—Hard. Hard carbonate.

Florence.—Sand. Masses with a dull-blackish tinge (bismuthiferous lanarkite),
and also shapbachite, with a metallic luster similar to bismuthinite and stibnite.

Great Hope—Hard. Hard carbonate.

Tt is probably dechenite, which has since been found in determinable quantity by Dr. Iles.
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Highland Chief—Sand. Masses of indistinet crystals of cerussite, not cemented.

Homestake.—Hard. Masses of galena and pyrites in small ecrystals, cemented with
dolomite and siderite. '

Hibernia.—Sand. Soft clay, with indistinet cerargyrite, but no cerussite.

Iron.—Hard. Crystalline masses of distinct and indistinet erystals of cerussite,
cemented with oxide of iron; part of the carbonate of lead colorless, part with a
blackish tinge (in examining the lanarkite of the Florence mine it was found that this
tinge is due to sulphuret of silver); also hard masses of pure galena in large crystals,
cemented by small ones; also masses of large and small distinet erystals of cerussite,
cemented by manganiferous oxide of iron; also masses of hematite and occasionally
red and yellow ocher; also nodules of cerussite, cemented with ocher.

La Plata.—Sand. Bluish-black and yellow masses of small crystals of cerussite,

Matchless.—Sand. Soft silicious masses impregnated with cerussite.

Morning Star.—Hard. Hard carbonate.

Rock.—Hard. Masses of crystalline cerussite, with yellow spots of ocher and
greenish spots of embolite; also most varieties previously described.

Robert E. Lee.—Sand. Chloride ore, ocherous yellow (a qualitative examination
of this ore showed that the ocher contains a considerable quantity of antimoniate of
iron); the silver exists in the state of embolite, containing a very small quantity of
iodide of silver.

Virginius.—Hard. Uniform masses impregnated with cerussite.

It must be noticed that the principal varieties described here are to be found in
most mines, although the bismuth ores are confined to the Florence mine, and those
free from lead, or dry ores, are found mainly in the Lee and Hibernia mines. A glance
at the assays of ores made at different smelters will give a correct idea of the relative
contents of the ores in lead and silver, and also in gangue and iron, so that these
assays have a mineralogical and geological signification, as well as a commercial one

COMPOSITION OF ORES.

A complete examination of the ores from every mine would have formed a
most interesting chapter, but the field of investigation opened in Leadville was so
vast that its accomplishment would have involved a far greater time than could
be given to this study, which has therefore been perforce restricted to the most impor-
tant points. '

Carbonate ores.—The interesting observation was made that when cerassite is tinged
with black this color is due to sulphuret of silver, so that to some extent the richness
of the ore in silver can be ascertained by the eye. The following exhaustive analyses
of the carbonate ore of two of the principal mines of Leadville were made by Dr. W.
F. Hillebrand in the laboratory of the Survey at Denver:

Analysis I.—Adelaide ore. Sand in lumps, formed of masses of small cry stals of
colorless cerussite, cemented by cerussite, clay, and oxide of iron.

Analysis TT.—Little Chief ore (sand in lumps). Tormed of masses of distinct and
indistinet small cerystals of cerussite with a bluish-black tinge, full of whitish and yel-

lowish spots and cavities.
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ANALYSIS I.—Adelaide ore.

Oxide of leaditcen B s e irnemiinmaea ot ths o BT s a R N s SR e s 79. 550
Cliloridetol ToRA o e i3 00 = s wive s ST el ol s oo s o, R UM S 0. 990
Roroxide o AToR i ie Sa oS OE S s st J L S R e S I e b 0. 467
Aluming .... .... e R A LN R S TR e 0. 444
Protoxide of Iron s it e ol et U e e s o savi i S e T N Y ae e e 0. 299
Protoxide of MENgANENE ook romeendrales iy syn Naomies s tinatis i Ve as samasas 0.137
Oxide 0F (60Dl s v s amst T e e b s e g S S S R Trace
1% ) T g W e i (L e L S L L R (O e 0. 303
R (VS e e 0 R e T B e R e R s TS e 0. 068
& (o} [ SRR RN v MR T e e e O e s G S S ST i Trace
Silver® ool vty st s e b s B SRt S S e T S i e e, 0. 009
AN G - = 2 o S e e B s e e L e i s Trace
WATOT  civi v s e s e LA RS e PR s R o T A S S e e T sl TS, S ey s o 0. 395
PhoSPROEIC. At Seck- e s e e e O e i i o e o s 1.532
Bulphurte IRotdh e it N R S ot it o o it o o e i i o m o s Thace
T e L e S A e e e 0. 651
(07700 : 7031 it (3 13 b e n S s e R SR e LT (3 I B S B SR R 14.700
i e A e e N SR e A R S e s e e 99, 545
(Hillebrand.)

Gold, #5 of an ounce to the ton.
Silver, 24 ounces to the ton.

Discussion.— This analysis shows that the Adelaide ore is composed of':

Carbonatool IenditPhO, Tl sd t uitede s Bt S st s e 25, 605

Pyxomorphite 3. (3Pb0; PaOs) - PBOlg coovotacias sunnnnavsed=s sasnansss 9,748

Carbonates, sTHORTES AN OXIALR. < cosvvrmin e chpiian i baminalhas s ns Ao 4. 647
100.000 -

All the constituents of these minerals, which are widely distributed in Leadville,
will be traced later in the analytical study of the smelting process.

Axavrysis 1I.—Little Chief ore.

Oxide of Tomdh i Fout con tot  uearewn dmi e S et S s e AP L s e i 75.408
42T 2 0 (o n 2y s B e e T B el e S8 S R R S R e e 1.940
AT S5 s S o v e fole e p o SERR o 5 a0 e B e e Fe i SR B s S 1. 415
6 e Y O e e S e T S Sl I I T S TR D U S Trace
T s G L M R T T MmN i Ly e S 0.074
Ua[ey (v 03 G 13 13 L e LR b e A R LRI e i S S 1. 386
(85 < (P51 s o (o T PRI G S oo S LR R U 0 SR M S S N 0. 095
B ) 4 e e S e et 0. 335
1 R R e | 0. 056
L e e o = b~ g 1. 970
7N T 1 T Uy ER e T e A e SRR I = e ST S e BN e 5 et Sy Trace
Antimonic aeId s ate i ol s ool s S TRE e, G T L e o e 0. 121
WBREBE S Lo o4 it s s wmeinsalo bt e A o s S S e e P 1. 140
GATHONI0 B0IA oo vs b sl T et She SO b s SR S e e S A s 14,251
EHOEDROTIC BLIA s« srmetmemeiuains biswoimeichns o se minme e o S E S oA o Trace
B PHURIC AT o e v a ok sems onmmia e mnss st mmsis s e 2 Sn vH SR S S Se e s e o e 0.486
6113005 000 (e Rt oM SN X2 e D W T SRR P e e e L 0. 288
BBV OE L e L o SR AR R i St bl S e e Nl i
Goldalant .. sty b0 R ey e LR T R IO e e Ty Trace
L R i s o P e 0. 258
s o) o Qe e R e = S T R s A I e TR 100. 000
(Hillebrand.)

Silver, %26.6% ounces to the ton.
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Discussion.—In this ore pyromorphite is replaced by anglesite, the sulphuric acid
of which plays an important part in smelting. Some of the constituents of this ore—
arseniates, sulphates, and antimoniates—will be found in an almost unaltered condi-
tion in some of the furnace products (accretions). The presence of zinc gives a special
interest to this analysis, for the reason that this metal is found in every furnace prod-
uct-—lead fumes, accretions, bullion, and slags. But, although the two preceding
analyses are typical of the carbonate ores and contain their most important elements,
they do not show the metals molybdenum, titanium, bismuth, nickel, cadmium, copper,
and tin, which have also been found in the furnace products, and appear to be pretty
widely distributed in the camp, though generally in very small quantities.. It is, how-
ever, evident that certain substances are entirely wanting in some ores. For instance,
a special examination of the Little Chief Smelter slag failed to detect more than traces
of titanic acid, showing that this substance does not exist in the Little Chief ore,
although it is to be found in most Leadville slags.

Chloride ores.—In Leadville the chlorides of silver have long been known as
cerargyrite and embolite, of which they have the characteristic appearance. The
writer made a special qualitative examination of the embolite found in the Robert E.
Lee mine (old workings). This embolite is disseminated in the peculiar antimonifer-
ous ocher already spoken of. One specimen gave chlorine and bromine, with a little
iodine ; another gave less iodine than the preceding, but more bromine. Dr. W, F.
Hillebrand has made the following analyses of the chief chlorides of Leadville :

ANALYSIS IIL.—Robert E. Lee (chloride ore).

010 (o (L) 1T by Y e D e S T N S O e S e R R R 21. 580
Bromide of llver ... . oo ciaiiiieaicicanitas s e aaes 77.986
e b T e R D LR T e i . A g T TN e -\t ORI o S R e ol 0. 425

100. 000

ANALYSIS IV.—Amie (chloride of silver contained in hard carbonate).

CHIOEIde 0L BIIVEY . lccu snosssimones ammoimisad 5 A e SR s SR 15, 755
DECY T 6 A g e e S e S S S e S e R 84, 091
TR G R D A A R T SRS P ML A S S e S LA 0.154

100. 000

The formula of this chloride is 4AgBr 4+ AgCl(I), a very small quantity of iodine

replacing chlorine.
ANALYSIS V.—Big Pitisburgh ore.

Chloride of silver .............. R e L Y ¥ Sas AR e 99. 965
00 gz b Ea Lo ed il B Rig ot o e e S e R R e e e S LI s At 8 None
0 T08 F ) i Do DR A e s AR (S e e C R e 1 R s R, 0. 035

100. 000

At the Chrysolite mine a magnificent block of very pure cerargyrite was found,
weighing several hundred pounds. : ]

In order to determine the relative proportions of chlorine, bromine, and iodine
throughout the district, a mixture was made of lead fumes collected in the dust cham-
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bers of eight smelters. The following figures, obtained by analysis of this mixture,
may be taken to represent the relative proportions of chlorine, bromine, and iodine in
the silver ores:

Chloride of silver .............. 89. 10, equivalent to chlorine ........... 82,45
Bromide of silver .............. 10. 45, equivalent to bromine ........... 16. 83
Todide of silver ................ 0.45, equivalent to iodine ............. 0.72

100. 000 100. 000

Special stress has been laid upon the composition of the chloride ores, for the
reason that they play an important part in lead smelting in Leadville. To chlorine,
bromine, and iodine is due a great part of the loss in lead, not only because chloro-
bromo-iodide of lead is a very volatile compound, but also because chloro-bromo-iodo-
phosphates and sulphurets of lead are found which are also remarkable for their great
volatility.

Average of ores.— Mr. Th. Fluegger, assayer of the Harrison Reduction Works, in
Leadville, has published in the Engineering and Mining Journal of March, 1880, an
analysis of a sample from 1,000 tons, representing specimens from every producing
mine in Leadville. This analysis, made with probably insufficient means in the lab-
oratory of one of the smelters, has evidently no pretension to scientific accuracy, since
some of the elements—sulphur, arsenie, antimony —are left uncombined and since
all the rare elements are not indicated. Itis given here, however, because upon it
have been based the main features of the chemical discussion of the blast furnace.

If it is assumed that the quantity of silver reported in this analysis is correct, it
represents an average quantity of silver of nearly 90.5 ounces to the ton. This figure
appears exaggerated, for the reason that the proportion of silver to lead is one ounce
to five pounds, while in practice mixtures aimed at contain one ounce of silver to six
pounds 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.

ANAvLYSIS VI.—Average ore.

L 1 e e e SRS SRR, o e e e e S e et 5,58
(8 B ) 2 B e o o e SRR el R R s i e e S R NS 24.77
B OB T e s e st e e adas smsnds veons 220 D8
L5 A GRR  e F ey R B S SR S e T 0.90
B O OB O O e e e B e A e i B i e 0.89
o wEs 90T D ) b ey e SO Sl Ty e e U I et eSS s 24, 86
Protoxide of Manganeses s St it e e Sty Sh e oy bus e s R e 4,03
55 oy S AR S LS S R N S L R e R e 0.31
11T P R e A e P e e 2.36
MIBEIORIR oo Lo Al L oo wm a9.9 e iale v o et et o 5 i i e S e e T 3.04
ATROTIC: S on it o wrb s oo n o o wnier e Aot e e o Wl i i o ey o AT e e 0.01
BTGNS s Chon s (b oD mn M e b bt s S eroie ST als S e & B 5o e o i A P A 0.02
POtaah and BodB L S0 o i sv s covi vl it s ans M ahen dostis s a e S e s S e 0.98
ORTOTNe < oo o a L Lo is LSl il sade s o tas s s St i s st s e b 0.09
T e e L e e A =S LI e e X AP e o 5.53
U hrh ] QR L RS e R e S S S R R e e 3.99
b T O e b (O e S R e CR R e I e S R Trace

99. 95

Silver, 90.5 ounces to the ton; lead, 23 per cent.; iron, 18 per cent.; silica, 22.59
per cent.
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Assays of various ores.—The assays 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 interest, since they were made in crucibles, whereas the ordinary method of
silver assay at Leadville is that by scorification ; the lead assays, however, are the
ordinary fire assays usually made in the region.

The assays given in the rest of the table were made by the different assayers
attached to the respective smelting works.

TasLE II.
1.—ORE ASSAYS.

Name'of mine. i s Silver to the Gold to the :
|

ton. ton. |
| |
Per cent. Ounces. Ounces. |
Adelaide (sand).. 15. 00 47.70 ! None :
15.00 | 30.00 | 0.85
26. 45 | 8.80 ! 0.05
54. 90 | 12. 60
21.45 12. 00
9.45 | 3415
45.80 | 23.30
0.50 | 36. 00
1.3 | 78.00
. swmo | 13,1870
Amie (black lamps) ......... 3 170 | - 3L40
Amie (lomps).. RSN - 1.5 | 31.20
I o vaiaane e o 42.00 217. 30
i 8T el T Y RSN % | 194.85
N T R BRRET S L R el e 2.00 7.5
Amie (lumps) . 5. 80 213. 80
AWM .2ouidladas K 6.70 119. 95
Do... 0.50 76. 80
Do... 17. 00 230. 90
DO 5 1.90 36. 25
| Belcher . 5.65 33.10
R i as v easin b Suaposmvibes ATy 6. 50 39. 50
UHISR0HES v cors -2 ivv s snvsrmsnnonniss 19.30 235. 30
| IO idusns Sxvkssane. h 7. 50 55. 92
Evening Star .....c.cccivuieennn : 44.35 99. 05
Hibernia (clayish) 1.80 33. 05
THCHs Gt .ol anasiansn 28. 00 41.10
DOwsces 2 40. 00 62. 90
Do . 54. 00 | 7. 70
Virginius % 25.20 | 810
DLl s bt it iCen e o | 8450 ] 22.50
—ASSAYS MADE AT ELGIN SMELTER, AUGUST, 1880
1}
AT o s kot LA AN s s 5 F 2 s Sodn o v an ‘ 14. 00 1710 G, | KR e e NS '
CRmBBied 2 toss ceu Ui Lo 46.00 | 1200
DRTBOIRDS s svisinas sasnenasininidess 30.00 | 197. 00
Catalpa 33. 00 80. 00
Evening Star ; 37.50 55. 00
THOR e ala s = e e : 33.70 | 45.00 ‘
031 4 0i 3 1 NS R S Ml S 35. 00 65:00  ficasisiictats ‘
TOVBIRNG . ccasvevsaviaiarsvios e i 46. 50 8RO s Sosdianidan
MOorning Btaf sveshcvrinsnicinassonns 48. 00 56. 00 [secemansosaans
i L e L e eGSR X P SR 28. 00 1800 [ clesuibica suow.s

(0 e 1 A e R U None 28800 it
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TABLE II—Continued.

IIL—ASSAYS MADE AT MESSRS. CUMMING & FINN'S SMELTER, JULY, 1880.

=t
‘ Name of mine. Lead. Slly ‘::;x:? the ! Go“}‘:i: the
“ Per cent. I Ounces. Ounces.
| KACIRIG, - oo ampin s veaind s aains 2tod4d | 12t02 | 0.5t00.75
| ATS . ccsvisaven moshanes 5 2to 10 20 to 1,100
| Chrysolite «c.....ccoec.- d 27. 00 40 to 80
. Evening Star o 22,00 51.00
| Hibernia..-cccec-ceneae = .5to 1 60 to 180 |.
| Little Giant ......... . 12 to 40 14 to 80
| Morning Star 40 to 55 35 to 40
| VIR s i e nnins aoahans sman 25 to 35 8 to 32
IV.—ASSAYS MADE AT CUMMING & FINXN'S SMELTER, AUGUST, 1880.
3.0 | 40.00
None ! 100. 00
None | 33. 00
None | 60. 00
{ None 70. 00
i 800 60. 00
| Morning Star (sand) 55. 00 38.00
| Morning Star (hard) i 40.00 | 32.00
Fom Bt e .| 40.00 36. 00
| Morning Star (sand) r 47.00 30. 00
D0 S e S e S | 35.00 38.00

V.—ASSAYS MADE AT THE HARRISON REDUCTION WORKS, JULY, 1880.

I

APaBNIN: - 1 S el Lo b s 14. 00 49. 60
Vo7 o e e R e S M 45.00 141. 00
A 2 S b B s da ) 23. 50 165. 00
Camp Bitd..-.oooaceciacaioracnananas | 4870 12.00
ORTHORKLS - oo - cvossmoncmasomsmrssvnss 27.00 218. 00
Chieftain ... ccvuoovreaitesnvosrenince | 7.00 76. 00
Chrysolith s tetmmoocbdl ol T [ 29.00 97. 50
Colorado Prince. .. cc.cceeceecacnannnnn { None 15. 00

Double Decker......ccveuemrevenanennan None 35. 50
BRIt fe Shr vt adu s b o) 8.00 T S O TR e
FOTBABON < - - == cimmnvs sasn s anammosn sy ‘ 13. 50 OR00 - foorizorseaviss i
General Shields (Sawatch Range) ... | None 53. 50 0.10
| Gold Cup (Sawatch Range). .......--. R L Sl B L N SR '
| Gold Ore (Sawatch Range) - ......... None | 6.70 4.10
| Independence (Sawatch Range) e None i 8.60 5.76
LIRON oo i s s s dunwnasls s oo s iias 40. 50 T i s i v
Long and Derry ...iiisdeasvavorinane f 16. 00 T8:00- jorwssvrsitn,
LIREONRE . . S0 Sovvrniary Soadie 16. 00 BE.80" - oo saeiainiiat
| Little Pittsburg .. 36.40 266. 00 el %
Morning Star..... 65. 00 61.00 SRS
S s . Dty e et 23.70 16.00 | 2.20
i S A 31.00 LY B R S
{ Ready Cash......... 3.70 125.00 | 9.20
ROBEPE I 100 < icss cosrisrosmnnonsass None 146. 50 ‘ ..............

At the smelters, silica, or rather that mixture of silica and refractory silicates
insoluble in acids, and known as gangue, is determined, as well as the per cent. of iron.
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The following will give an idea of their relative proportions :

TaBLE II—Continued.

VI.—ASSAYS MADE AT THE CALIFORNIA SMELTER, JULY, 1880.

| ] |
Name of mine. ! Lead. | Silver to ton. | Iron. |  Gangue.
Per cent. i Ounces. Per cent, Per cent. |
Ui O SR e e ‘ 5.00 40.00 | 40.00 20.00 |
BESN BOTU e ot s casene | 40. 00 40. 00 6.00 12.00 |
10 i R S RO, e S T 1 24.00 30. 00 24.00 46.00 |
MOTRING SUE . s aomem v i ; 55.00 40.00 5.00 16.80 |
Robert Emmet..ccccocoaccuencannna. | 10.00 | 12. 00 49. 00 12,00 |
THIOBOR oo i o s B s s ] 50.00 | 30.00‘ 10.00 10.00?
J | !
VIL—ASSAYS MADE AT THE HARRISON REDUCTION WORKS, JULY, 1880.
] I i
Chryiolite s 29. 00 97.50 | 835 | 11.36 |
N I | Not determined |............... | 37.10 | .80
b € o S e Rl Pl 7 i 40.00 (T S P Y 19.40
TitHe ClIar. it v s : 16.00 56. 50 21.00 17.30 !
RODErs B, LBB. Tt toe v sorensions | None 146.50 17.30 49.40 |
;o R S RS R = RS SRS A e | 22.10 47.00
VIIL—ASSAYS MADE AT THE GRANT SMELTING WORKS, JULY, 1880.
| CRtalpn (HATd) .as v wsnmnasssiorsuns f 33.60 | 79.00 02| 41.30 |
R o e | 45.60 | 64. 60 5.40 18.50 |
| Catalpa (880d) . ....onenenenennnnnnn. i 43.70 § §3.00 39.50 | 27.90 |
| Chrysolite (B, hard) ...........c.... ! 21.90 | 47.75 25.30 | 16.40 |
Chrysolite (A,8a0d) «.ocuovnnenennnn. ; 42.50 ‘ 75.00 | 13.70 | 14. 60 [
‘ | 3.70 | 58.50 |
7400 | 49.00 |
6.80 | 14.20 |
45.20 | 8.60
25.70 | 22.10 |
2.50 | 13.10 |
11.70 | 12.60 |
.00 | 22.40 | 17.00
.30 | .80 | 13. 00 14.30
Little Chief (hard). ... coeueeunnn. 10. 00 25.00 | 20.75 12.50
TG 1 e o SN e 18, 80 99. 00 14.40 33. 60
Little Chief (sand) . .c..oeceennnn. 37.50 80.00 | 14.70 17. 50
it Ghiefs ooos o e Timat s 9.35 35.72 | 19.90 28.80
Little Chief (sand) .....ccceue.... 27. 50 100. 00 15.75 27.50
| Little Chief (galena). ... ... .... 55. 00 5.50 | 3.85 15. 00
el T (1 T R e RSl e Smgeai ) SR =D ; 18.20 26.50
Morning Star. ...ceceeecaaiaaarinans 42.30 18.60 | 11.00 14.20 |-
NOWDIBOOVERY i | S Teis by u s s v n i d | SRR ds s e a bt fom 4 S G w i Svva s ! 17.15 | 33.70
! BUVEr WaYe i cisssicnsvvovmsnsssvves 7.15 35.35 49. 30 17.70
| Do 5.95 36.52 | 32.90 12.80
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TAaBLE II —Continued.

IX.—ASSAYS MADE AT MESSRS. BILLING & EILERS'S SMELTER, JULY, 1880.

GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

\ Name of mine. ! Lead. Silver to ton. I Iron. Gangue. ’
|

|
: Per cent. | Ounces | Per cent. Per cent.

B Sl oa U e el e 20 e U s e | 25.00 0 45.00 | 12.00 to 25.00 |
| Chrysolite (hard) .. 20.00 to 25.00 | 65.00 23. 50 15. 00 ]
DOMIO LS as s ek saislas s waswian ssborsaallc e ssauaanin Kasrvesieaieas 23.00 16. 00
Dunkin (sand) . 1. 00 to 13. 00 | 50. 00 to 100. 00 l 34. 00 32,50 1
' Tron (hara) ... 50.00 e e s S }
| Rock (hard) ... 36.00 18.00 | 18.10 6. 50
| Rogk (Rana)".2ieas e R 0 o Sl T e i 18.15 12.50 |
; Averageassaysof all the ores smelted | |

from June, 1879, to June, 1880 .... 30.27 62.58

|

X.—ASSAYS OF VARIOUS ORES MADE AT MESSRS. CUMMING & FINN'S SMELTER, JULY, 1880.

Adelaide (sand)
| Amie (lnmps)
| Amie (first class)
| Amie (second class)

Little Giant (first class) .... ....
. Little Giant (second ¢lass) ..........|
| Little Giant (third class) |
| Morning Star (hard)

\

| Morning Star
| Morning Star (hard) ................ |

Morning Star
| Virgindus ccoaeeeceennnniiaiinanaas

44. 00 20. 00
3.00 40.00
8.50 300. 00
4.50 30.00 |

34.00 72.00
16. 00 45.00

22.00 | 5100 |

None | 33.00

None ? 60. 00 |
5.00 | 70.00 | -
8.00 60.00 |

37.00 | 84.00

19.00 38.00

12,00 | 17.00

43.00 39.00

55.00 | 38. 00

53.00 | 53. 00

55.00 | 38. 00

53. 50 27.00

40. 00 36. 00
7.00 | 30. 00

34. 00 22.00

8.00
35. 00
33. 50
35. 00
23. 60
26. 00

5.00
28. 00
20. 00

9.00
14. 00

4.00
18.00
34. 00

4.00

5.00

3.50 |

5.00

6.70

6. 00

5.00 |
15.00 |

|

5
13.00 |
24.00 |
18.00 |
16.00 |
18.00 |
52.00
29. 00
48.00
57.00 |
36.00
32.00
14.00
19.00
35.00
20. 00
20. 50
20. 00
14.00
24. 00
20. 00
22,00

X1.—ASSAYS FOR IRON AND GANGUE MADE AT MESSRS. CUMMING & FINN'S SMELTER, JULY, 1880.

5.45

Name of mine. Iron. Gangue. Name of mine. Iron Gangue.

Percent.  Percent. | Per cent. . Per cent

T e A L M ST 17.00 | 14.00 | Amie..... 38.10 25.10
DOne oo 16.50 | 15. 00 i D0« jonss 37.50 24, 00
Chrysolite . 2 21.00 20.00 || Evening Star .. 4.50 60.30 |
b A 19.80 | 11.00 | Forsaken .... 25.00 | 82,00
Do... 1 13. 50 ] 20.00  Hibernia... 38.00 | 29. 50 |
IO e 26. 30 i 23.50 = Little Giant . 14.20 | 34. 60 :
Evening Blar - .- ioeiaacar s unsnis 13.70 45.00 ps 7 S 5.40 | 31.80 |

2 S SR RN e o 12.70 32.00 | Do..... 12.50 | 45.50
Do.. 42.50 o A, AN RN St 6.00 | 29,00
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TABLE 11— Continued.

XIL—ASSAYS OF LOTS AND MIXTURES OF ALL SORTS MADE AT THE LA PLATA SMELTER IN THE
YEAR 1880.

’ i [
Name of mine. Iron. Gangue. H Name of mine. Iron. | Gangue.
|

|

Per cent. | Per cent.

[

|

|

) |
‘g Per cent. | Per cent. || 1

ARG coim i~ sm s s vl es s pimnt 23.90 | 20.30 1} (e e S e ‘ 20.70 | 18. 60|
T AL 2801 | IR0 AtTote i B e B | 1| 1880
s e s e L sl Average of 64 lots ........... : 21. 50 10.70 |

|
U1 £ O e L e e [ S 20.40 | 19. 60 | | i ‘
| |

Discussion. — The preceding tables are valuable as furnishing, not only data for
reference, but also proofs of the activity of mining and smelting in Leadville. It is also
evident from their examination that there is no relation whatever between the lead
and silver contents of the ores. This could scarcely be otherwise, if it is considered
that lead exists in the state of carbonate or sulphide, and silver in the state of
sulphide or chloro-bromo-iodide, compounds which have no common properties. A
carbonate ore rich in lead may contain a large quantity of residual or untouched sul-
phide of silver, and Le rich in silver, or its silver may have been carried away in
the state of chloride and the ore bLe poorin silver. This chloride of silver carried
away may be redeposited in any kind of mineral, in porous quartz or in clay, and the
ore may be very rich in silver and contain no lead. In other cases both carbonate of
lead and chloride of silver are carried away and deposited in the same gangue, giving
ore rich in both lead and silver.

SMELTING WORKS.

Location, — Since Leadville became an important mining camp sixteen distinct
smelting works have been erected. Two smelters only are situated in Leadville
proper, the Harrison Reduction Works and the Grant Smelting Works, which both
stand on the northern bank of California guleh. In the vutskirts of the city, and at
the junction of the upper and the lower roads of this bank, stood the Leadville smelter,
now pulled down. Then come in succession, but still on the northern bank of Califor-
nia guleh, the La Plata, the American, Billing & Eilers’s, and the California Smelting
Works. At the lower end of California gulch is situated the small town of Malta,
near which were erected the Malta and Lizzie smelters. In Adelaide, on Iron Hill,
stood the Adelaide smelter, which belonged to the Adelaide mine, but has long since
ceased running. On Fryer Hill and immediately above the Little Chief mine stood
the Little Chief smelter. This smelter has since been pulled down on account of the
sinking of the ground upon which it was erected, and its furnace is now ruuning
at Messrs. Cumming & Finn’s smelter. On the southwestern bank of Big Evans
guleh are found in succession, going westward, the Ohio and Missouri, Cumming
& Finn’s, Gage, Hagaman & CoJs, Raymond, Sherman & McKay’s, and the Elgin
Smelting Works.

At the time this report was made (August, 1880) several smeiters had entirely
ceased running, viz, the Adelaide, Little Chief, American, Malta, Lizzie, Leadville,
Gage, Hagaman & CoJs, and Raymond, Sherman & McKay’s. Since that time the
American and Malta have resumed work, the former successfully, its plant being in a
perfect state of preservation ; the latter rather unsuccessfully, mainly by reason of its
imperfect plant and machinery.

MON XIT——40
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The following are the names of the different smelting works, of the superintend-
ents, and the dates at which they commenced smelting :

Smelting works. ; Superintendent. ‘ Date.
|
| Harrison Reduction Works. ................ ' JEMNo8 BHOrtON < ot tanorsrsisnsnaness Oct., 1878 |
T R st gt Vo O N R« erit) Sept., 1878 |
| Loadville ..cooiccciiicnsnimananmcanaesnaas ! ....................................... ’ —_ 1877 |
8 P 5 Y IR S R S e T R e e (- T |
American = | Garl Hettioh. .- /isosenes vensrosecions ‘ May, 1879
| Billing & Eilers’s................ e s Frite Woll. <.~ veaans Ao s T e May, 18790
| California June, 1879
| —, 1875
| Lhose 18
| Aug., 1879
| June, 1870 |
.................. { July, 1870 |

)

| June, 1879 |
June, 1879 |
June, 1879 !
_— 1879

Cost of plant.— From data obtained by the census investigation of the precious
metals for 1880, carried on under the supervision of Mr. S. . Emmons, it is found
that the smelters of Leadville were erected at an aggregate cost of about $800,000.

In the following table will be found the cost of plant of twelve of the principal
smelters in arbitrary numerical order :

TasLE 11I.
Cost of plant.
Saredter e R e RS e o & e A S et S $43, 000
B s L A s i S e v S A R e S T A e e T s RS P s 160, 000
N e e el R L o R e B S 80, 000
Y T e e Bl e R T e = oot U i otam e il T m o 37, 000
B T TR L I LU LD 14 o T8 ik fieitom = e o biaiae e @ 65, 000
B s B 2 I A fas o aiire s mm o S memwre 95, 000
AR BTN b e D SR Bt e s U e U © 60,000
DT A A S R e, Tl W SRR I P O 48, 000
e e R e S s il Torsio s s a s TR e 37, 000
29 8 R o Ao il o SO et B WS S S i i Y 20, 000

General disposition of smelting works.—The slope of the banks of gulches is particu-
larly favorable to the construction of smelters, most of which are divided into several
levels, which allow of a rational division of labor and economize constructions, hoisting
machinery, and manual labor.

On California guleh most smelters have the following levels:

1. The furnace, slag-heap, and bullion level, connected by means of inclined
ways with the main lower road of the gulch running at the foot of the slag-heap.

2. The feeding-floor level, which is also that for erushing, sampling, ore-beds, and
ore-bins. This level is always provided with a wagon road, branch of the upper road,
and communicates with the upper and lower levels by means of inclined ways.
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3. First ore-bin level, with a wagon road between the rows of bins, allowing the
discharge of ore-wagons into the lower row of ore-bins, and the wheeling away of the
ore extracted in barrows from the upper row of ore-bins to the feeding and erushing
level. This level communicates, like the preceding, with the upper and lower levels
by means of inclined ways.

4. Second ore-bin level, with disposition similar to preceding.

5. Third ore-bin level, with disposition similar to preceding.

6. Charcoal and coke-bin level, with dispositions similar to preceding.

7. Ore-dumps, fluxes, charcoal, coke and wood reserves, or upper level. A glance
at Figure 2, Plate XXXI, representing smelter C, will give an idea of the disposition
of levels.

The general arrangement just described is that adopted at the most favorable
points, but sometimes levels 3, 4,5, and 6 are reduced to three, two, and even one level.
This is particularly the case on Big Evans gulch, whose banks are far from being as
high as those of California gulch. There the levels are reduced to two:

1. The furnace, slag-heap, and bullion level.

2. The feeding-floor level, used also for crushing, sampling, ore-beds, and ore-
bins. The fuel-bins, ore-dumps, fluxes, and wood reserves are generally placed at the
back of the ore-bins.

The works arealways inclosed, from the furnace level to the back of the feeding
floor, in a light wooden structure. ‘Where there are several levels of ore-bins they are
independent of the main building; but where there is only one upper level the ore-
bins are placed in the building. The offices and laboratory always occupy a detached
building. The office is always provided with large wagon scales, varying in capacity
from 10 to 20 tons, and used for weighing the wagons loaded with ore or bullion and
taring them after unloading.

The boilers, engines, and blowers are always placed on the furnace level, on one
side of the furnaces, as are the smith’s and mechanic¢’s shops, which, however, often
occupy a small detached building.!

ORE BUYING.

Method. — The manner in which ore is purchased by the smelters of Leadville is
somewhat different from the method usually pursued in other camps. The ore is pur-
chased outright for cash from the mines, a certain deduction being made for the loss
of silver in smelting, and a certain amount being charged for what is called the cost
of treatment.

In the following table is shown, as a sample, for a few of the principal mines —

1. The deduection for the loss of silver in smelting.

2. The cost of treatment.

3. The price given for the lead contained in the ores.

1At the time this repart was made all the smelters in California gulch were connected by side
tracks with the railroad, and preparations were made to connect the railroad with the smelters on Big
Evans gulch.
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Unless the ore contains more than a certain percentage (5 per cent. to 30 per
cent.), the lead is not paid for at all.

| | |
| Deduction for| Cost of treat- Price paid for
|

|

Mine. loss of silver | ment per ton *lead per unit
in smelting. | of ore. of 20 pounds.
Per cent. ‘ i
i S et T $0.25 |
Carbonate ...... [ 7% 20 25 ‘
Chrysolite ...... : 5 { 20 25
Dunkin......... | 5 | 22 25
Evening Star ...| 73 ! 28 | 15 [
Tron Silver -....| N AR 0 |
Morning Star.. ; 5 15 | 30 \
....... i Si, o b B e 2% |

)
=
)
@
=]
e

These rates are subject to coustant fluctuation, according to—

1. The price of fluxes.

2. The amount of fluxes required in smelting.

3. The price of charcoal and coke.

4. The character of the ore: whether large lumps or sand ; whether highly sul-
phureted or highly silicious ; whether rich or poor in lead ; whether rich in oxide of
iron or without it.

The cost of treatment has varied during the year ending June 1, 1880, from $15
to 30 per ton of ore. The price paid for silver and lead in the ore varies naturally
with the New York market. During the year ending June 1, 1880, the variation for
silver has been from full New York quotations and no discount to a discount of 10
per cent., the average discount having been about 5 per cent. off silver quotations.

Lead is bought by the unit, i. e., 1 per cent., or 20 pounds in the ton; and its
price has varied from 15 cents to 45 cents per unit during the year 1879-'80. The
price per unit of lead depends on individunal agreement, and also on the contents of
the ore in lead. At some swelting works the cost of treatment will be $16 to %25,
with a deduction of 5 per cent. off silver, and the price of lead 20 cents to 25 cents
per unit when the ore contains above 30 per cent. At others, the cost of treatment will
equal $20, the deduction off silver 5 per cent., aud the price for lead 15 cents per unit
when the ore contains above 5 per cent.

Gold is paid for at the rate of $18 per ounce, but only when its amount exceeds
one tenth of an ounce per ton of ore.

Cost of transportation.— \When the ore is bought direct from the mine, its trans-
portation is paid for by the mine owners, and the cost of handling varies from %1
to 2£1.85 per ton of ore, according to distance; but when the ore is purchased at the
sampling works, the smelters have to pay for its transportation to their bins at the
above rates.

SAMPLING.

Method. —The general method of sampling carried on in the camp is the follow-
ing: In shoveling the ore from the ore-wagon to the ore-bin, every tenth shovelful is
thrown aside into a wheelbarrow. Thence the sample thus obtained is wheeled to the
sampling-floor and passed through the crusher. It isthen well mixed with the shovel,
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laid in a thin layer on the floor, and quartered down very carefully until small enough
to be dried easily. The amount of moisture is determined by desiccation of this
sample, previously weighed. When dry it is passed through Cornish rolls set to oné-
eighth of an inch or through small mills. It is once more well mixed and quartered down
until small enough to be ground on the buck-plate or in the mortar, and passed
through fine sieves, about 70 meshes to the linear inch. This done, the sample is once
more well mixed and divided into three parts, one of which is assayed by the smelter,
the other at the mine, and the third by an independent assayer, or more generally kept
in reserve for reference in case of dispute. Sometimes the bulk of the sample ob-
tained from every tenth shovelful from the wagon is reduced by setting apart every
fifth shovelful. This reduced sample is afterwards subjected to the treatment which
has just been described in detail.

Sampling works. — Every smelter in Leadville possesses a sampling floor, with
ore-beds, crushers, and ore-bins; but there are besides three large sampling works,
which are independent of the smelters and where the buying, assaying, crushing,
drying, sampling, and selling of ore only are carried on. These works belong to Messrs.
A. R. Meyer & Co., Eddy & James, and Gillespie & Ballou.

The sampling works are provided with a large number of bins for the preparation
and classification of ores of every grade and from every mine; and, as at the smelters,
the machinery, crushers, Cornish rolls, and mills are driven by steam-power. Large
open spaces are kept for the accumulation of ore-dumps and the preparation of ore-
beds of a given composition. These arc made by spreading layer upon layer of ores
of known weight and contents in silver and lead. Drying is carried on on a large
scale, the driers consisting of large parallelopipedic cuts in the ground, about six feet
wide and twenty feet long, provided with a coal fire-place at one end, connected with
a sheet-iron stack at the other, and covered over on a level with the ore floor with
sheet-iron, upon which the ore to be dried is spread in layers.

The advantages offered by these works are twofold. The prospectors and small
miners can always dispose of their small lots of ore, and the large ones of those ores
which are in any way exceptional or out of the usual run. On the other hand, the
smelters can always find their supplies of ores of a given composition ready for the
furnace, or special ores to modify or complete the composition of their own ore beds
or mixtures.

CRUSHING. 2

Sand ores do not require crushing; in fact, they are already in dust or pieces
too small for the furnace, and require mixing in convenient proportion with erushed
ore in order to be fit for use. But hard ore and sand ore in lumps require crushing,
as well as the limestone, iron-stone, and old slags which are used as fluxes. This is
effected, both at smelters and at sampling works, by means of compact but powerful
stonebreakers or crushers, always driven by steam-power.

Machines used. —The crushers mostly used in Leadville are Blake crushers manu-
factured by the Blake Crusher Company, New Haven, Conn., and by the Farrel
Toundry and Machine Company, Ansonia, Conn. At the sampling works one or two
Alden crushers manufactared by E. T. Copeland, New York, are also in use.
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The table below gives the principal types used, their numbers, nominal Lorse.
power required, and capacity.

Opening  Revolutions | Horse- | Crushing |

Capacity numbers of | y it voari  of fly-wheel powerre- | capacity per

the crushers. |

| % jaws. per minute. | quired. } hour.
| Inches. ‘ | Tons.
1 (o LR e A P . | 10by 4 300 ARG 4
OIS et S p = | 10by 7 275 6 ’ 63
p ¢ T S [, 300 4 4
15 by 9 275 9 | 9}
| 10by4 | 300 Vet 4
| 10 by 4 300 4 ' 4

Blake crushers.—The crushers manufactured by the Blake Crusher Company
belong to two styles: (1) The older style or eccentric pattern and (2) the Challenge
Rock-Breaker, or Sectional Cushioned Crusher. Of the eccentric pattern, a horizontal
and vertical section will be found in Plate XLI, Figures 1 and 2; the drawing given
is a copy of that furnished by the company for a No. 2. The circle D is a section of
the fly-wheel shaft, which should make from 225 to 250 revolutions per minute. The
dotted circle ¥ is a section of the eccentric. F'is a pitman or connecting-rod, which
connects the eccentric with the toggles G G, whose bearings form an elbow or toggle-
joint. H is the fixed jaw; this rests against the end of the frame A. P P are chilled
iron plates, between which the rock is crushed. When worn at the lower end they
can be inverted and thus present a new wearing surface. The cheeks I I fit in
recesses on each side and hold the chilled plates P P in place. By changing the posi-
tion of the cheeks from right to left when worn, both will have a new surface. J is the
movable jaw. It is supported by the round bar of iron K, which passes freely through
it and forms the pivot upon which it revolves. L is a spring of india-rubber, which is
compressed by the forward movement of the jaw and assists its return. M I are bolt-
holes. Bisthefly-wheel. Cisthe driving-pulley. @ @ @ @ areoiling tubes; R R R R,
steel bearings; O, the toggle-block; N, the wedge; Y, the wedge-nut; S, set-screws for
tightening toggle-block; 7, bush and key. The frame A A and supports Z Z are made
of cast iron. This crusher is being gradually superseded by the Challenge Rock-
Breaker, manufactured by the same firm, which has many points of superiority over
the preceding, and is not quite so delicate in construction or so apt to get out of order.

The Challenge or sectional cushioned crusher is represented in perspective and
vertical section in Plate XTI, Figures 3 and 4, which are copied from the company’s
drawing of a No. 5 crusher. Its erushing capacity per hour is 9 tons when the jaws
are set 14 inches apart and when its speed is 275 revolutions per minute. Flint, hard
ores that break with a snap, dolomite, hematite, and old slags go through the crusher
at that rate in the same conditions, but with sand or soft ore the capacity is sensibly
diminished. The 9 horse-power indicated as being necessary to drive this crusher is
purely nominal, and represents, so to speak, an average; in practice the driving engine
should have greater power, in order to overcome irregular or unexpected resistance.

The Challenge crusher consists of a three-sided frame-work F,of cast iron, with a
broad flanged base, holding the movable jaw in suspension, which forms the front part
of the machine, between the upright convergent jaws of which the stone is crushed.
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The jaw-shaft K is held in place by wrought-iron or steel clamps C, which serve to
take part of the strain due to crushing in the upper part of the jaw space, and also
serve as walls thereof. In thelower partof the three-sided frame, or front part of the
crusher, and on each side of it are holes in the casting to receive the main tension
rods 2, which connect the front and rear part of the machine. The rear part B is
called the main toggle block. It is also provided with holes to receive the main ten-
sion-rods 2 R, corresponding to those in the front casting. The tension-rods B R are
provided with screw-threads and nuts N N, by means of which their length, and in
consequence the opening between the jaws, are readily adjusted to crush coarse or fine,

The front and rear castings are supported on parallel timbers G @, to the under
side of which are bolted the boxes carrying the main eccentric shaft, provided with fly-
wheels and pulley. These timbers take the transverse strain, which comes upon the
pitman connecting the main shaft and the toggle-joint, situated in the rear of the mova-
ble jaw, and between it and the main toggle-block. Between the broad flanged bases
of the front and rear castings and the timbers on which they rest are placed flat
rubber cushions ¢/ (7, one-fourth to three-eighths of an inch thick. Every revolution
of the shaft brings the toggles more nearly into line and throws the movable jaw
forward. It is withdrawn by the rod provided with rubber spring Z. In this way a
short vibratory movement is communicated to the movable jaw. The pitinan R/ H is
constructed so that it can be lengthened or shortened, and thus change the inclination
of- the toggles O 0, and consequently the length of the movable jaw oJ.

The great advantage of this machine over the old style is that of possessing
elastic p.rts, rigid enough to allow the performance of the work desired, but giving
way under aceidental strains, such as the introduction of a steel hammer between the
jaws. The frame A is made of timber. The best method of setting up this stone-
breaker is to place its frame on four timbers 15 by 15 inches, disposed as is shown
at X' X7 and Y. These timbers are pinned or bolted together.

The following are the main parts of the machine and the letters used to indicate
them in the drawing:

A, timber frame. L, rubber spring.

B, main toggle-block. L!, spring rods.

C’ ¢/, rubber cushions. M, pitman-rod nuts.
D, fly-wheel. N N/, main tenston-rod nuts.
E, main pulley. 0, toggles.

F, main cast-iron frame. P, jaw (chilled plates).
G, timber supports. R, main tension rods.
H, pitman half-box, R’ H, pitman.

I, cheeks. R/, pitman-rods.

J, movable jaw. S, main eccentric shaft.
K, jaw shaft. T, toggle bearings.

The Farrel Foundry and Machine Company’s Blake crusher is used a good deal
in Leadville. 1t is constructed on very nearly the same principles as the Blake
Crusher Company’s eccentric pattern. It presents the same appearance, it requires
the same amount of power to produce the same quantity of work in the same time,
and a complete description of 1t would be superfluous, since it answers exactly to the
description of the eccentric pattern. 1t differs {rom it, however, in one respect, namely
the substitution of a crank shaft for the eccentric shaft.
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Alden erusher.—The Alden crusher and pulverizer, is not in use at smelters, which,
when they have any pulverizing to do, use Cornish rolls ; but it is used at the samp-
ling works, where a considerable amount of pulverizing is done. The jaws of this
crusher differ essentially from those of the others in this respect —that their grooves
are perpendicular to the length of the jaws, while in the others these grooves are par-
allel to the length.

Fig. 1, Plate XLV, gives a perspective view of the Alden crusher, in which
portions of the jaws and jaw-faces are shown in section. The jaws are hung upon
wrought-iron trunnions, the ends of which project through and are supported by the
sides of the frame. Motion is imparted by links connected with the trunnion ends,
and driven by studs prejecting from a sliding yoke beneath. This yoke is connected
with a crank-shaft by a pitman. The rotation of the crank moves the yoke to and fro
on a nearly horizontal plane, alternately moving and pushing the movable ends of the
two jaws, and imparting a rubbing motion, which is the main feature of the machine.
The jaws may be adjusted at varying distances, so as to obtain a product of varying
degrees of fineness.

The Cornish rolls, used by both the smelters and samplers for grinding their
samples, consist of two steel eylinders, 12 inches long and 6 inches in diameter, con-
nected by cog-wheels, driven by pulley and transmission belt, and fed by means of a
thin sheet-iron funnel, having the shape of an inverted truncated pyramid. These
rolls are usually set one-eighth of an inch apart.

ASSAYING.

In Leadville assaying is quite an important branch of the mining and smelting
industries. 1In addition to the assayers attached to all the smelting and sampling
works and to the prineipal mines, there are no less than twenty independent assayers
residing in the city and having their own assay offices. Besides being employed as
referees and experts in cases of dispute between mines and smelting works, the latter
are patronized by the prospectors and small miners.

The chief assays made in the camp are silver; gold, lead, iron, and gangue assays,
and at some smelters specific-gravity determinations of slags.

Furnaces.— The laboratories are generally provided with permanent crucible and
muffle furnaces, made of common brick, lined with fire brick, and placed side by side,
as is shown in Plate XXXIX ; but very often the two furnaces are separate.

By means of the dampers D’ and D’ in the chimney, the assayer can regulate the
draft and the intensity of heat in the furnaces. The apertures A B C D are closed
by means of sheet-iron plates, easily removed by tongs. Ocecasionally, portable clay
furnaces, of American and English manufacture, are used for cupellation.

Pulverization.—The ores and slags are, first of all, coarsely pounded in a cast-iron
mortar (Fig. 12, Plate XLIII), a form of mortar that is not well adapted for this use,
since it is too thin and very often breaks before the stone does. The coarsely pounded
material is then ground on the buck-plate. This consists of a cast-iron plate (Figs.
9 and 10, Plate XLIII), about an inch thick, faced cn one side, and provided or not
with flanges on each side. [t rests on a firm table or timber support. The ore is laid
on the plate and ground with the bucker. The bucker (Fig. 11, Plate XLIII) is a mass
of cast iron, with a cylindrical lower surface, faced on the plate side, and fixed to a
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wooden handle. Grinding is performed by placing the left hand on the bucker, hold-
ing the handle in the right hand, and moving the bucker forwards and backwards,
at the same time lifting and lowering the handle, and exerting a slight pressure with
the left hand. While all this is going on the bucker is also moved from the left to the
right side, and inversely, so as to incresse the grinding surface. All this is much
more easily performed than described.

The pulverized ore is then passed through sieves of 70 t¢ 80 meshes to the linear
inch, represented in Fig. 8, Plate XLIII, in elevation. The metallic cloth of the sieve
is made of brass. It is adjusted to a tinned-iron circular frame, b, fitting in a circular
tinned-iron box, or dust-receiver, a. This is a very convenient arrangement, the loss
in dust is very small, and the mixing of the dust takes place at the same time as the
sifting.

Crucibles and scorifiers. — Figs, 3, 4, and 5, Plate XLIII, represent the crucibles,
scorifiers, and gold-annealing cups, which are manufactured by the Denver Fire Clay
Company. The gold-annealing cups and scorifiers are similar to the European ones
in appearance, but greatly inferior to them in quality. The assay crucibles, three-six-
teenths of an inch thick, are probably the thinnest clay pots used in assaying in any
country. They are very convenient for the reason that, with a low temperature in
the farnace, the assay fluxes become easily fluid, but they never stand more than two
runs in the erucible furnace.

Cupels.— Cupels are always made in the assay laboratories in brass molds, the
process being too well known to demand description. Their form and size are shown
in Fig. 6, Plate XLIIIL.

Muffles.— The muffles made by the Denver Fire Clay Company are good. They
are generally large enough to hold from 12 to 16 scorifiers, enabling the assayer to
assay three or four samples of ore at the same time.

Tools.—The scorifier tongs, cupel tongs, crucible tongs, raking rods, anvils, ham-
mers, chisels, ete., are similar in every respect to those universally used in assaying.”

Slag molds.—The molds into which are poured the crucible and scorifier slags are
peculiar, and are represented in Figs. 1 and 2, Plate XLIII. They consist of a sheet
of cast iron, divided into 12 conical molds. They are very convenient, the lead buttons
and slags cooling rapidly on account of the thinness and large surface of the mold.

Fuel.— Coke is used in the erucible furnaces and charcoal in the muffle furnaces,
but sometimes coke and charcoal are mixed in the muffle furnaces.

Balances.— Balances capable of weighing from four pounds to one-sixteenth of an
ounce are used for the estimation of moisture in the ore; balances weighing from 100
grams to 1 milligram, for the weighing of scorifying and crucible assays; and those
sensitive to the tenth of a milligram, for the weighing of silver prills and gold part-
ings. These balances are generally manufactured by Becker & Sons, of New York.
They offer no peculiarity in construction.

The weights used in assaying are gramme weights for lead, iron, and gangue
assays, and silver prills, or gold partings; but the ore, slags, and bullion are weighed
in assay tons, whose symbol is A. T., or its subdivisions. The weight boxes contain
one-tenth of an assay ton, or 45 A. T., & A.T., f; A.T,1 A.T,2 A.T. Some boxes
contain besides ;5 A. T. and 5 A. T. The system of assay-ton weights introduced by
Prof. . I'. Chandler, of the School of Mines, Columbia College, New York, is as simple
as it is ingenious. The ton of 2,000 pounds avoirdnpois is equal to 32,000 ounces
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avoirdupois, or to 29,166 ounces troy, or to 907,180,000 milligrams. The weight of the
assay ton is 29,166 milligrams, consequently each milligram represents one ounce troy,
and 29,166 milligrams represent one ton.  When the material to be assayed for precious
metals is weighed by the assay ton or its multiples, the weight of the precious metals
in milligrams, or multiples of the milligram, corresponding to those of the assay ton,
expresses in troy ounces the weight of gold or silver contained in one ton of ore or
bullion. A few examples will illustrate this:

1. Twenty-nine thousand one hundred and sixty-six milligrams of bullion, or one
assay ton, give after cupellation a button of silver weighing 205.5 milligrams. This
shows that one ton of this bullion contains 205.5 ounces troy of silver.

2. One-half an assay ton of slags gives, after assaying, a button weighing 13
milligrams; this shows that one ton of slag contains 3 ounces troy of silver.

3. One-tenth of an assay ton of ore contains 3 milligrams of silver; this
shows that one ton of ore assays 30 ounces troy of silver. '

The laboratories are provided also with sand-baths, flasks, beakers, dishes, bu-
rettes, and a few of the principal reagents used in assaying by the wet way. Iron and
gangue assays are regularly made in the wet way, and occasionally the ore is assayed
for sulphur and arsenie, the slags for lead, the ores and fluxes for lime and magnesia.

Silver assays.— The general process used by common consent in Leadville for ore
assays is the scorification process, arapid and accurate method. Some mines, however,
require crucible assays. The scorification process is so well known and so fully de-
scribed in text books that it will not be insisted upon. The assays of each sample are
made in three or four scorifiers. One tenth of an assay ton is weighed for each scorifier,
and then mixed with ten times its weight, or one assay ton, of pure granulated lead, or
rather with a granulated lead whose contents in silver are known and subsequently
subtracted from the silver buttons obtained. The silver-prills are weighed to the tenth
of a milligram, and each of these divisions corresponds to an ounce to the ton. A
little borax is always used to scorify the oxide of iron and other bases. Slag, like
ores, is assayed by scorification; but this process ought to be abandoned and the
crucible process substituted for it, chiefly for the reason that in the crucible the assay
may be made with one assay ton if necessary, this quantity not being excessive for
the estimation of 1 or 13 ounces of silver to the ton. The crucibles used in crucible
assays are those drawn to scale in Figs. 3 and 5, Plate XLIII. A mixture of

SR 0 koo BT S S e S e s S e S R S X T 1
)T e e SR e e A R e i e e B 1 assay ton.
Bicarbonate ol 8oda St osimet Sl ULl Sahl Liierie enlsane bt i s 4 assay ton.
130015 S e S e e R S e T R e L # assay ton.
T e o I L e (b

or some similar mixture, for each assayer has his favorite flux, is fused in them,
in the presence of an iron nail or rod, which, however, some assayers dispense with
altogether. The mixture is generally covered with a layer of borax or common salt.
Bullion assays.—The assays are generally made on a car-load sample, representing
10 tons. Two pieces of lead are detached from the top and bottom part of each bar
of bullion forming the car-load (in general 400 bars); all these are melted together in
a plumbago crucible, under a cover of live charcoal; the charcoal and scum are then
removed; the sample, well mixed by stirring, is poured into an ingot mold (a bullion
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one¢); the bar obtained is about one inch thick (Fig. 7, Plate XLV). TFour pieces are
detached from it with chisel and hammer, as shown in a, Fig. 7. One-half an assay
ton is weighed from each piece, and cupelled, and the assay carried on as usunal.

Gold assays.— GGold assays are made by dissolving the silver buttons in weak
nitric acid, as usual.

Lead assays.—Ores and slags are assayed for lead in the crucible. Five grams
of the pulverized ore or slag are mixed with 15 grams of a flux composed of

{205 GRS s S N BTG P AL PRGSO s L e e i L 1 part.
Bicarbonate or Boda e S e st e T s St e e R et s S 4 parts.
TS ey S e B SR S SRR e e T e e S SR L T T 1 part.
TR e = e e P A S S e R0 TSR TR Lo 2 S e SR T e 4 part.

or some analogous flux. The mixture is fused, with or without the addition of an iron
nail or rod, either in the crucible or the muffle-furnace. When the muffle is used, the
crucibles, represented in Fig. 5, Plate XLIII, are placed in it, together with large pieces
of charcoal, to produce a reducing atmosphere, and the front of the muffle is kept closed.
In both crucible and scorification assays the lead buttons and slags, when taken out of
the furnace, are rapidly poured into the molds, shown in Figs. 1 and 2, Plate XLIII.
In lead assaying the button of lead, detached from the slag after cooling, is weighed
in grams and its fractions, and the result, multiplied by 20, gives the percentage.

Iron assays.—The ores are assayed for iron by Marguerite’s well-known burette
process, with a standard solution of permanganate of potash.

Estimation of gangue.— Gangue is determined by dissolving the ore in strong hydro-
chlorie acid, or aqua-regia, collecting the insoluble residue on a filter, washing well,
calcining, and weighing. Some assayers evaporate the solution to dryness at 100° C.
before filtering, in order to estimate both gangue and soluble silica.

Estimation of moisture.— Moisture is determined in the ores by desiceation of one
pound of ore placed in a copper pan over the mufile-furnace, or over a sand-bath
heated by a kerosene lamp.

Specific gravity determinations. — This operation is performed every day at a few
smelters on the slags of each furnace. 1t seems an unnecessary operation, first, because
superintendents ought to rely solely upon careful assays for lead and silver; second,
because, with a little practical experience, the mere appearance of the slagis more
reliable than its specific gravity ; third, because those who determine daily the specific
gravity of slags and their contents in lead and silver have never been able to find a
relation between the three data. In the analytical study on the slags made specially
for this report it will be seen that there is no relation whatever between the contents
of lead and silver; and at the smelters it is admilted that the specific gravity of slag
may be raised by other substances than lead—Dby iron, for instance.

The specific gravity determinations are carefully made by means of the Jolly
specific gravity spring-balance, represented in Fig. 2, Plate XXXVII1I. This instru-
ment consists of a wooden gallows-frame, at the end of whose horizontal beam is sus-
pended a delicate wire spring, provided with a small ivory index, J, and a small brass
pan, P, suspended from the spring by three wires. On the face of the vertical beam,
looking towards the spring, is a mirror, carefully graduated in millimeters. A beaker,
three-fourths filled with distilled water, is placed on a stand, S, which is provided
with a set-screw, and moves up and down the vertical bean.
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To make a specific gravity determination the eye is placed in front of the mirror
in such a position that the pupil of the eye, the upper part of the ivory index, the
graduation on the mirror, and the image of the pupil in the mirror are brought into
line. The number of divisions at this point is . A small piece of slag is then placed
in the pan P; the division to which the ivory index is lowered is then carefully
noted ; let this be called a’; then a’—a represents the weight of the slag in the
air, expressed in divisions. The stand § is then raised until the slag dips into the
water and the index rises. The number of divisions is once more carefully noted ;
let it be expressed by x//; a’—=a' represents the weight of the volume of the water
displaced by the slag, consequently the specific gravity will be given by the formula
:——,,:;,, A little correction is necessary with this instrument; #/ should in reality be
x' 42! ; ' being the number of divisions lost by the pan when immersed in water.

The writer has devised a little instrument, easy to carry, easy to- construct, and
self correcting, for the determination of specific gravity. It consists of a test-tube
ballasted with distilled water and floating in a proof-glass filled with distilled water (see
Fig. 7, Plate XLII). The test-tube is carefully graduated; the level of the water x,
outside of the tube, is noted, as well as the level of the water y, inside of the tube.
A small piece of slag or mineral is introduced into the tube, which sinks a certain

namber of divisions &/ ; 2/ represents its weight. The water is raised inside of
/

the tube a certain number of divisions y’; 3’ represents its volume ; 3, gives its spe-
y

cific gravity corrected for temperature. One of the great advantages of this instru-
ment is that specific gravity determinations can be made with almost as much acecu-
racy with common water as with distilled, the weight and volume of water being self-
correcting. :

SECTION II.

MATERTALS USED IN SMELTING.,

GENERAL CONSIDERATIONS.

Smelting is conducted on exactly the same principle by all the smelters through-
out the camp. Ab uno disce omnes. The ore is invariably smelted in blast furnaces
lined with fire-brick, and provided with water jackets at the zones of agglomeration
and fusion; dolomite, hematite, and old slag being used as fluxes, and a mixture
of charcoal and coke as fuel. In one smeclter only a little metallic iron (old horse-
shoes) is used for the reduction of galena when present in certain proportions in the
ore, but even at this smelter it is an accidental rather than a normal operation. The
facilities afforded to the smelters by nature in the Leadville region are really very
great; there smelting is practically reduced to its elementary principles. The ore
is, so to speak, “roasted by nature,” since cerussite is evidently in all cases the
result of the oxidation of galena; it requires no preliminary preparation save crush-
ing, and for about one-fifth of the ore, which comes out of the mine in the state of
sand, this is, of course, dispensed with; the quantity of matte and speiss formed is
small; a good quality of hematite is found on Breece Hill, though it is used but in
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small quantity, owing to the fact that the ores themselves often contain the requisite
quantity of iron to form slag, and to reduce arsenical, antimonial, and sulphuret com-
pounds of lead. Dolomite, as will be seen later, forms as good a flux as carbonate of
limej; its chief defect is that the slag formed is less fusible than pure lime-and-iron
slag.

Before the railroads reached Leadville the smelters were compelled to use
dolomite. Since that time it is said that a smelting firm has adopted the use of
limestone with good results and that its use is likely to become general in the camp.

Smelting in Leadville at the present day is never badly performed, chiefly for
the reason that all the furnaces are constructed on the same prineciples and are pro-
vided with the latest improvements. The imperfections in smelting are generally
intentional, and are based on economical grounds which are in themselves unattack-
able and render criticism useless. Still, it must be stated that a few smelting firms
have brought smelting in Leadville to actual practical perfection, and in their economic
results these are the most successful.

STATISTICS OF LEADVILLE SMELTERS.

In Table 1V will be found the following information, compiled from data gathered
by special experts for Mining Statisties of the Tenth Census and by the writer, for the
year ending June 1, 1880, each smelter being designated by a letter:

I. Annual consumption of ore.

II. Aunnual consumption of fluxes; their nature and cost.

III. Annual consumption of fuels; their nature and cost.

IV. Annual production of bullion; its contents, and cost of transportation.
V. Relations between ore, fuel, fluxes, bullion, and silver.

VI. Plant of each smelter.

VII. Labor; amount, time employed, and cost.

TasLE IV.

1. ORE.
| | e S g | 5 - [7 =g | |
! I A. 7 SRS SR o /GRS S o DA S S | S S C 1 H. 1 ‘
I S s SR PSSR A S PR I S T |
| | | | - |
I Tous...{ 10, 236 38, 000 ! 18, 590 | 4,200 | 8 411 { 5,708 | 25,464 ’ 12, 000 (@) I
| ! [ ela |
S Y a No data.
II. FLUXES.

1. Dolomite.

2. Hematite.

3. Average price of dolomite per ton,

4. Average price of hematite per ton.
¥ N aedle b | |
B R e R ! D. E. l S R ' g W l
| l i ik 4 | B ‘!
1. | Tons .. 232 5812 | 4,170 250 440 | 964 ! 2.devl ~ ey | (a) ‘
‘ 2 do... 280 143 I 1,774 292 587 ‘v 1,162 | 2, 968 | (@) (@) |

3. | Dollars 2.80 4.00 i 3.50 | 4.00 3.50 | 3.50 | b1.25 | 3.50 . (a) |
' 4. i..do.. 8.00 10. 00 ‘ 9.50 11.50 ‘ 6to7 | 9.00 8.50 | 10.00 (a) |
! I

a No data. b Cos{?ff lmulin;g,
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. Charcoal, in bushels.
. Charcoal, in tons.
. Coke, in tons.

. Pine wood, for boilers, in cords.

IIT. FUELS.

. Proportion of charcoal to coke at each smelter.

. Average weight of cord of pine wood used.

5
6
7. Cost of charcoal per bushel.

8. Average price of charcoal per ton.
9. Cost of coke per ton.

0

10. Cost of pine wood per cord.
= alices | 1
! R B ! . { D. 1 E. ’ F. G. H. I ‘ Average
| |
| | { 1 i
1.| Bushels 188,760 1,004,870 = 506,558 ! 76,791 200, 000 279, 498 563, 087 (@) @) feie
2. Tons...| 1,8424| 7,664 | 3,546 | 5374 1,400 1,056% 3,0413 (a) . T
3.|...do ...| 8,300 4,890 | 2,810, 263 | 700 810 2, 550 (@) (e LR
4.‘i...do...4 04:1 1.5:1—! L2 T 2:1 | 2:1| 2.4:1 Y51 (a) (a) 21.33:1b
5. Cords ..| 1,040 ' 3,600 | 1,200 | 400 | 760 | 750 © | 1,200 | 800 l..........
6.| Pounds., 3,000 2,800 | 8,000 | 3,000 |3,000to8,500 2,000to03,200 2,000t02,8002,000t02, 800 (a) |
7.| Cents ..| 10 to 15 10to17 | 10to 15 912 to18 ‘ 10 to 18 | 10to18 | 13 10 to 12 (a)
8.| Dollars. 18.57 18.57 ‘ 18.57 | 18.57 | 18.57 | 18. 57 | 18.57 18.57 (a)
911 a0 28. 60 25.58 | 30.45 | 30.56 28. 60 | 25. 60 ' 25. 56 ‘ 27.50 ‘l (a)
ilO.‘l...do....“ 4.50 4.75 | 5.00 4.75 4.50 | 4.00 | 4.50 4.50 (a)
a No data. b Proportion for whole camp obtained from 2 and 3. ¢ Charcoal screenings, but little wood.

1. Tons of bullion produced.

IV. BULLION.

2. Average tenor of bullion in silver (ounces per ton).

3. Average tenor of bullion in gold (ounces per ton).

4. Total amount of silver in ounces.

5. Freight to the East per ton of bullion.

., ! s l D. E. F. ; G. 7 |x
| i H ‘ | l
1. | Tons 1,752 | 6,200 4,436 | 503 1,240 1,321 4,012 | 5,000 | (a)
2 | Ounces..| 4045 | 32853 250 | 250 300 300 450 | 500 | (@)
) A Y i 2.08 | None | None | None .15 None | None | .18 (a)
7 e ey 708, 684 | 2,036,886 ' 1,109,000 | 125 750 372,000 | 396,300 | 1,805,400 | 1,500,000 | (a)
5. | Dollars . 40 to 45 | (b) (b) ®) ® | 27t035 l 85.00 85.50 ‘ ()
aNo data. bPaid by refiner.
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V. PROPORTIONAL RELATIONS.

1. Parts of dolomite to 100 parts of ore.

2. Parts of hematite to 100 parts of ore.

3. Parts of fuel to 100 parts of ore.

4. Parts of fuel to 100 parts of smelting charges.

5. Bullion extracted to 100 parts of ore.

6. Percentage of lead extracted in smelting.

7. Percentage of silver extracted in smelting.

8. Charges for smelting per ton of ore, in dollars.

9. Cost of smelting per ton of ore, in dollars.
10. Average assay of slag, in ounces of silver per ton.
11. Average assay of flue-dust, in ounces of silver per ton.

A. l B. I T E. E F. R 1. {Average.
| [ |
2.27 | 13. 98 22.43 5.95 5.23 } 16. 64 9.69 | No data | No data al0. 88
2.73 .37 9.54 6.95 6.98| 20.06| 1165 | Nodata | Nodata | a3

45.35 33.04 34.19 19. 06 24.96 47.76 25.49 | No data | No data a32. 83
36. 25 23.33 22.60 15.33 10.33 82.50 19.00 | No data | No data a24. 03

17.11 16.31 23. 86 11. 98 14.74 | 22.8 15.75 41.66 | No data a20. 53
85to 88 | 86 to 91 &8 85t095 | 85t090 | 90 to 93 87 90 85 to 90 88
100 95 to 97 97 88to05 | 95 o7 98.5 97.5 96 96.5

15t030  15to30 | 15t030 | 12to25 16to30' 15t030 »15t030 | 15t030 | 15 to 30 22.00
12to18 | 18to23 10to15 | 13to16 | 15to 18 | 13. 00 13. 68 15.00 | 16 to 18 15. 25
2 4 0.5 1.5 o 1 L 5 15 4 1.5 2
36 i 87513 36 | 35 35 : 36 LR N 37 36
@ These five averages were obtained by dividing by seven the sum of the respective proportions given for each
smelter from which data were obtained. This gives a true average of the proportions for each smelter, but it might be
considered that a truer average for the camp would be obtained directly from the totals of ore, fluxes, and fuel consumed
during the year by these seven smelters. Calculated in this way, the average proportions are, respectively, dolomite to

ore, 12.50; hematite to ore, 6.51; fuel to ore, 31.99; fuel to charge, 23.31 ; bullion to ore, 19.94.

VI. PLANT OF SMELTERS.

Smelter. SR e (B - GRS D e I R A ) i, : 2 i 1L
o - SR (PRSP | o IR | ST L NV, e (S, SN
| 1. Furnaces: ‘ i : ‘: i
(a) Number in use ..... 2 3. | 2 2 2 | 2 | 4 | 81 | 2
) SBRPS o.ssiveassen Round. Round- | Square Square. Round. | Sgunare. { Square. Round- = Round.
square. | | | ' square. |
i (¢) Working capacity: | 35 to 40 | 180 70 40 50 | 60 120 100 | 50
| tons per 24 hours. | | ! { ’ ‘ |
| 7. Steam-engines: | |
(@) Number.in use ..... e ) Rl B G o e L e e 1 L e ‘ A % e
(b) Horse power ...... i 40 e & 50 40 | 40 | 30 70 and 50 100 | 60
() Average ateam | 6 | 7 | e |* e | 7 | e | e | 8 | 7
pressure, pounds, | { | | { | |
3. Stone-breakers: ‘ i | w [ l ‘ |
(® Numberinuse..... 2 | 3 3 1 g do it g . g
; (b) Capacity numbers ... No.5. | Nos.A,2, [Nos.A,2,| No.A. Nos.land] Nos.0 'Nos.2and| No.5. | No.A.
! and5. | andb. | 5. | and 4. | 5 { |
: 4. Cornish rolls: ! | { i | ‘ ‘ \
; Number in use ’ None. | 3 i 1 s 1 ! i 1 None L 2 ‘ 1 | None.
5. Other crushers ........... 8 stamp- | Pulver- = None. None. ‘ None. Small | None. | None. None.
battery. | izer. | | | mill. | !
6. Blowers: } [ | | | | J
(n) Number in use 2 | 9 ] 2 R Ny ! 2 | 4 : 4 i= e
(b) Capacitynumbers..| No.3. Nos.4.4}, No.5} | No.5 | Nos. 4} | No.5. Nos.44,5, ;.*os. 5and,  No. 54
> and 5. | and 53. | |5, and 6. 53
7. Dust chambers: | ‘ }
(@) Number in use ..... 1 ‘ 2 2 1 I 1 2 | 4 ; 1 2
(b) Construction mate- | Bricks. | Sheet- | Lime- | Sheet- | Bricks. = Sheet- | Bricks. | Sheet- | Sheet-
rial. 1 iron. | stone. iron. [ ‘ iron. | | iron. iron.
| | | |
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1. Number of each class of employees per 24 hours, when works are in full blast.

i A B. c. D. 1 E. T . L

{ (317 i SRRt O T 4 9 7 4 6 5 5 5 5

! CleneTAl FOrOMIBN 2ie s Jormtns |brses oo = el rsbons pre sl s asinet]| Kb s s s o [nisian smms oW actms xe's R I S I e

| Foremen ........ 6 2 N e sl S oy 3 2 1

| Head smelters .. - 2 27 8 4 4 4 13 8 4 4
Slag wheelers .. 83 |nfecmldaaeiiiees 2 4 12 9 3 I
FeodRrs = tor s e e RS 7 (| e RN i IR 4 4 13 8 5
Helpers - 2SN So oo ut ot 32 48 26 3L M I 8 8 10 ‘5
Eogineers .-ee---conveivass Nl R SRR, 08 T (SRR U RS ST WS (FREONEN IR
Fuel menw el (S el e e al oty e e o 2 ‘... s e s s P EREEES R
Day 1aborers st iidersisealsuaaes vaar 81 60 to 70 | 10 to 15 12 ‘ 20 20 to 25 10 20

| 1

General foreman 13 ' .......... e 1
Foreman ........ 8 12° | 12 ]
Head smelter . g ) " 12
Slag wheeler .. 8 | 12 | 12 ’
FOGACTS - cutaervanrsnwsinsnes 8 - 12 l 12 ‘
30000y G RS e 12 12
Day 1abOrers .« c.oceuvensoass 10 10 | 10
EOGINOOTS: . oot n.vonsions 8 12 ’ 12
Fuclmell s oicitt i sca e a 8 v 12 |
General foreman 851005200 o | .......... |
Head smelter ............... 300 $400 ] $400
FOreman ....cs--mvacecesnes 3 00 4 00 ] 450 |
Slag Wheelers. «-.......ceeu.feecmne.nn. ook il o 400 300|250 300, 800
Foederns i o aatse -0 P SR EET 2= | 4001‘ 350 35| 350 350 400
Healpers - st as  soxsioie. 2 50 3 00 300; 300i SOOJ 300{ 300 300 | 300:
Day 1abOTers ..coueoveeesevx- 2 50 2 50 280 | 2850 250|250 2 50 2 50 2 50 |

I Bogineers 't it il 0t SIS0k Vil oty UARAT [ .................... e Lt B ‘l

‘ Faelmen oo SN S sl st o esi oo e | 0 e 1 a2 s il I .......... 1
M i ) I |

4. Aggregate salary of staff per month.

e ¥ 1 ? i ] 1 F |
' EELOEMO - covain-siamens $870 $1, 350 | $1,400 f $700 i $1,100 l $800 $900 ’ $800 I Nodata ]
5. Total salaries and wages per twenty.four hours.

| i |
total ........................ $197 50 i $697 50 ' $328 52 | $122 51 ( $110 16 | $140 30 | $232 58 ‘ $176 30 l Nodata
1 1 .
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CONSTRUCTION MATERIALS.

Common brick. —The bricks used in the construction of outer walls and dust-
chambers are made from clays found in California and Big Evans gulches. They are
made in a very simple way: Into a wooden mold (Figs. 9 and 10, Plate XLIV), divided
into three compartments having the shape and dimensions of bricks, a lump of the
clay, broughvu to the proper degree of consistency, is jammed at one blow without sub-
sequent effort or pressure. The excess of clay, represented by ¢ in Fig. 9, is cut off by
means of an iron wire, both ends of which are fixed toa wooden handle (Fig. 11, Plate
XLIV). The mold is then reversed and gently shaken. The detached bricks are
dried as usual in long rows in the air. They are then piled up in large stacks and
burned.

Fire-brick. — The fire-bricks used for the lining of furnaces are sent to Leadville
chiefly from the manufactory of Messrs. Evans & Howard, St. Louis, Missouri, and
also from the Cambria Fire-brick Company, Golden, Colo., and from the Denver Fire-
clay Company, Denver, Colo.

Tapping clay.— Good plastic and refractory clay is needed for tymp-stones, tap-
holes, tamping, and steep (brasque) used in the lining of furnace cracibles. The fol-
lowing analysis of tapping clay found in Big Evans gulch and used at the Grant
smelter was made by Dr. M. W. Iles, of the Grant Smelting Works:

ANALYSIS VII. TAPPING CLAY.

S CHES Of AL DI 2 Y B e Tt e ool o immt AT e a  a e A ra Iil 74.5
b ) e TR o, T T A TE R e g Bt T TN, X I N et b e 14.C
L0503 [ 3) e | ') s oLt S ST T SR SR i Sy B R L S e 3.0
MAGNESIN . - -t oieson s vamssa MR asTs 1 580w s SHEa e S b e S S B A Trace
CRIDORATO OF IIINES - vn sz nas svamn asnsm s oumasevs = Haoss asa n 35 Saman vans w4 6.8
U5 T T o S M e Sy s S et = SIS, IS e D L SN S S S 1.0

99.3

(M. W. Iles.)

Other materials.— When the smelting works are erected on the plans of super-
intendents, the smelting implements are derived from various sources. The cast-
ings, however, such as water-jackets, iron pillars, plates for supports and frames
of crucibles, ingot-molds, slag-pots, ete., are generally made by Messrs. Hendey &
Meyer, of Denver; while the boilers and engines are made by different foundries. 1In
many cases smelters have found it more convenient and advantageous to obtain the
whole of their smelting plant from Messrs. Fraser & Chalmers, of Chicago, 111, who
are prepared to furnish a complete smelting outfit, from the crushers and furnace
down to ingot-molds and tamping-rods.

FUELS AND FLUXES.

Coke.— Coke is made in El Moro, on the Rio Grande Railroad, from Cretaceous
coals found there; it is known in Leadville as El Moro coke. It is alsomade in Como,
on the South Park Railroad, from Como Cretaceous coals, and is then known in Lead-

MON XIT——41
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villa as South Park coke. From Messrs. Billing & Eilers, prominent smelters of
Leadville, the following information respecting coke has been obtained. The compo-
sition of the ash was determined in their laboratory.

ANALYSES VIII axp IX. COKES.

| VIII, El I 1X, South 1
! Moro coke. | Park coke. :

\ i

Percentage of ash..occeeeeeeennaa... 22,0 } 9.5
—
Composition of ash : [
it e MR et 84.5 ’ 20.1
Peroxide ofiron .....cceeeiann.. y ] | 47.8
Alumina, lime, et¢ ............. 8.4 | 23.1 1

| 100.0 ’ 100.0 \

The weight of coke per bushel is about 40 pounds, so that one ton of coke con-
tains about 50 bushels. Detailed information respecting the consumption of coke, its
price, and relation to charcoal has already been given in Table IV.

Charcoal. — This fuel is made from the spruce tree, which abounds in the vicinity
of Leadville. The pine wood, cut in lengths of four feet, is converted into charcoal by
the usual process of slow burning in pits or kilns. The pits consist of stacks of wood
40 feet long, 12 feet h)’gh, and 15 feet wide, entirely covered with earth. Apertures
provided at the base‘of this rough kiln allow the slow combustion of wood to take
place. When the operation is completed the apertures are stopped with earth and
the whole mass is allowed to cool thoroughly. The charcoal made in this way is not
of very good quality; that made in kilns is much better.

Charcoal kilns.— Jn the valley of the Arkansas, south of Malta, there are several
establishments each provided with nine or eleven beehive-shaped kilns, erected espe-
cially for the purpose of supplying the smelters with charcoal. The oldest establish-
ment of this kind is to be found in California gulch, in close proximity to the south
bank and opposite to Messrs. Billing & Eilers’s smelter; these kilns were erected by
Mr. McAllister, who was the first to introduce them in the vicinity of Leadville, and
from him was obtained the following information: His establishment consists of six
kilns, similar in every respect, one of which, drawn to scale, is represented on Plate
XXVIIIL, TFigs. 3 and 4. The kilns are beehive-shaped; they are made of fire-brick
cemented with lime-and-sand mortar, each kiln being made of 18,000 bricks. The
greatest diameter is 22 feet, the height 21 feet. In front of the kiln is a charging and
discharging opening, A, 5 feet 5 inches high and 5 feet wide, closed by a sheet-iron
door, and at the back and upper part of the kiln is a feed-hole or door, B, similarly
closed, 43 feet high and the same in width. This feed-hole is placed at a height of 16
feet from the ground. It is connected by a tramway, running over a bridge, with the
wood-stacks on the upper part of the bank of the guleh. This wood is already cut in
lengths of four feet. At the base of the kiln are three rows of apertures 3 inches by
4 inches and two feet apart. The rows are 1 foot apart and contain from 22 to 25
apertures. These holes may be closed at will with bricks and clay.

The pine wood, cut in lengths of four feet, as has been previously stated, is first
piled through the lower opening, A (large stacks of wood stand on this level), and
afterwards through the upper door, B, and in this way the kiln is completely filled.
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Both doors being left open to create a draft, a charcoal and dry-wood fire is kindled
at tee door A.  Both doors are then closed and hermetically sealed with clay, and the
combustion is regulated by means of the apertures O, which are left open or are closed,
according to the intensity or direction of the wind. The air enters at the lower row
and the smoke escapes at the upper.

For the complete transformation of wood into charcoal in these kilns it requires
from four to eight days, according to whether the wood is dry or green. Dry wood
produces a greater percentage of charcoal and of better quality than green wood.
When the combustion is completed, all the apertures are hermetically sealed by means
of bricks and clay and the kiln is allowed to cool thoroughly. The cooling requires
about four days.

Each kiln holds from 25 to 27 cords of wood, or about 3,550 cubic feet ; one cord
of wood produces about 50 bushels of charcoal. In consequence, each kiln yields on
an average 1,300 bushels of charcoal in 10 days. During each operation about two
gallons of creosote tar runs out at the lower part of the ground door, but no use is
made of it. The charcoal made in this way is of excellent quality and gives great
satisfaction.

The weight of one bushel of charcoal is about 14 pounds; consequently there are
about 1424 bushels of charcoal to the ton.

Composition of ash.— At the Leadville smelters charcoal is said to contain about
2.5 per cent. of ash. This figure is probably quite correct for pit-charcoal. A rough
examination was made of a fine jet black piece of charcoal from McAllister’s kilns,
picked from the heap at Messrs. Billing & Eilers’s smelter. This gave only 1.62 per
cent. of ash, containing 0.42 per cent. of soluble salts (carbonate of potash and soda,
with some chlorides) and 1.20 per cent. of alumina, silica, lime, phosphates, ete. A
rough examination was also made of some charcoal ash found in the laboratory of the
Cumming & Finn smelter; the proportion of soluble alkaline salts was about the
same as in the preceding, but the insoluble residue was chiefly composed of alumina.
In all probability the composition of charcoal ash varies according to the nature of
the soil upon which the trees grew. In the discussion on smelting, 2.5 per cent. has
been adopted as the average percentage of ash in charcoal. :

Dolomites. —The dolomites are extracted chiefly from the Dugan and Montgomery
quarries and from the Glass-Pendery and Carbonate mines. The consumption, price,
and proportion of dolomite used, ete., will be found in Table IV. The samples which
were analyzed in the laboratory of the Survey were prepared by mixing equal weights
of typical specimens picked up on the heap at various smelters.

Analysis X is that of the Dugan dolomite from the Dugan quarry, near Mount
Zion, Arkansas Valley. This dolomite is in rather large, indistinet erystals, with a
bluish-black tinge and with white, creamy-yellow, and red spots. The specimens were
found at the Camming & Finn and Elgin smelters.

Analysis XTI is that of the Montgomery dolomite, from the Montgomery quarry,
on Iron Hill, California guleh. This dolomite is in compact, homogeneous masses, with
a fine erystalline stracture and a bluish-black tinge. The specimens were collected at
the American, California, Grant, Harrison, La Plata, and Billing & Eilers’s smelters.

Analysis XII is that of dolomite from the Glass-Pendery mine, on Carbonate Hill.
This dolomite has a very peculiar appearance. It is formed of homogeneous and very
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friable masses, composed of indistinet and exceedingly small erystals, with a uniform
grayish tinge. The specimen analyzed was found at Grant smelter, where a large
quantity of it is used.

ANaALYSES X, XI, aAND XII. DOLOMITES.

Elementary.
| i |
! { Analysis X Analysis XTI Analysis X11
| (Dugan). (Montgomery). |(Glass- Pendery).
| Carbonic acid 40, 9262 43. 7047 47.3922
Chloring .cccovveave- 0. 1429 0. 0618 0.0408
! 280011 RO R R e R e e Traco Traco None
| Sulphuric acid.....cuce.mvemmisncsoaness ‘ None Trace" { None
| Phosphoric geid ... 0.1224 0. 0676 | 0.0328 i
| Sodinm . ........ 0. 0697 0.0273 | _ o.o119 I
Potassium .. i 0. 0386 0. 0151 0.0110
Magnesiom . ! Trace Trace | Trace
§ Calcium .. : Trace Trace Trace
b gnres: o1k | 30. 4207 27. 2586 29. 9671
| Magnesia . | 20. 7843 20. 0455 21. 5230
Protoxide of manganese ................ | 0. 0533 0. 0620 0.1998
Pyotosdaeof ool coveite LUt , 0. 3827 0.5742 0.1275
Protoxide of lead ..c.....cic...-liaeee. | Trace Faint trace None
Peroxidaof iron ool tioluiaissss. 1 0.1062 0.0974 | 0.2232
1T R N MRS SRS e [ 0.7064 7.7652 0.2748
ARG o oSt ks e s s 0.1673 | 0. 1068 0. 0400
Organic matter ... ...co.ocoieceacancnn. {0 | 0. 0676 0.0152
WVRteR: 2 ol i 0.0440 | 0. 0550 0. 0707 |
O e ws ol G waate 2 A e 0. 0013 0.0012 0.0700
1 e R e 100. 0000 100. 0000 100. €000
Rational,
Carbonate of ime -..........ccocouiiass 54. 0837 48. 5353 53. 4445
Carbonate of magnesia ................ 43. 6470 42. 0955 45.1983
Carbonate of manganese................ 0. 0862 0.1003 1 0. 3232
Carbonate of iron. ...cocueeeiacent cmanen 0. 6165 0. 9251 i 0. 2054
Carbonateiof tedd .. 2ol bl iadia. Trace Faint trace ' None
Sulphate of Jime. ..o oceaeeemiiaan. . | None | Trace | None
Phosphate of 1ime «cceueeeneieeennnnn... | 0.2652 | 0. 1464 | 0. 0710
ORI 06 0L SRR 5o s b [ o1 | 0.009 | 0.0456
Chloride of potassium .................. ! 0.0738 | 0. 0283 0. 0181
Chlorides of magnpesium and calcium ... Traces | Traces ! Traces
Saulphide of iron or caleium ............. Trace | Trace None
Silica ... S B 0.7064 | 7.7652 0.2748 [
Advcenindy i o/ 2o el | 01673 | 0.1068 0.0400 |
Peroxide of iron .. tt 0.1062 | 0. 0974 } 0.2232
Organic matter ... 0.0250 | 0.0676 | 0.0152 |
Water ....... o 0040 | 0.0550 | 0.0707 |
T e T S R s Rl W 0.0013 | 0. 0072 0. 0700 !
AR S S 100 0000 | 100.0000 100. 0000 ll
i |

Discussion.—The dolomites used in smelting are true dolomites, in which small
quantities of carbonate of lime and magnesia are replaced by carbonates of manganese
and iron. The presence of chlorides was at first puzzling, for the reason that about
half the total quantity of chloride was soluble in boiling water when the dolomites
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were finely powdered, the other half insoluble. The insoluble chloride might have
been contained in apatite crystals combined with calcium. A microscopical examina-
tion by Mr. Whitman Cross disclosed, however, no apatite, but a very great number
of minute fluid inclusions. Both he and Dr. W. F. Hillebrand were led to believe that
the chlorides were contained in the inclusions. Dr. Hillebrand partly proved it by
levigating the dolomites and thereby extracting nearly three-fourths of the chlorides
by treatment with water. Mr. Emmons directed me to make experiments on dolomites
broken into small pieces, but not powdered. These were digested with water over a
water-bath for 48 hours. The first solution contained only traces of chlorides, and the
experiment being repeated a second time in the same conditions the second solution
did not contain any chlorine, thus proving that the chlorides are not impregnating the
mass of the rock, but are contained within the erystals of dolomite. The fact that the
Glass-Pendery dolomite, which is half disintegrated, contains much less chloride than
the dolomites in compact masses corroborates these views.

The Dugan and Montgomery dolomites have another point of interest, which
should not be overlooked. These dolomites contain traces of sulphides, whether of
iron or of calcium there was no time to determine. The fact is, however, that no sul-
phide of iron is visible in the microscopical section and that the dolomites treated
by weak acids evolve unmistakable sulphureted hydrogen. Should the presence of
sulphide of calcium eventually be proved beyond a doubt it would give a great prac-
tical value to the observation made by the writer, that carbonate of lime is extremely
soluble in sulphide of caleium. This reaction is so striking that it seems prob-
able that it plays a great part in nature and that carbonates of lime may be carried
away in alkaline solutions as well as in acid ones and deposited from these. On the
other hand, there seems to be a relation between the quantity of organic matter and
the quantity of sulphides contained in the dolomites. The Glass-Pendery dolomite,
which contains only traces of organic matter, has no sulphides, while tbhe Mont-
gomery dolomite, which contains the largest proportion of organic matter, contains
also the largest amount of sulphides. These relations may, however, be purely acci-
dental. The dolomites were examined for the precious metals, but no silver could be
detected in either of them, although it is said in Leadville that the Glass-Pendery dolo-
mite contains from one to two ounces and the Carbonate Mine dolomite from two to
six ounces of silver to the ton.

To complete the discussion of dolomites a few analyses made at various Leadville
smelters are given below. The average composition of dolomites, which has been
adopted in the discussion on smelting, was derived from them.

Analysis of a Glass-pendery dolomite once used al the California smelter, made at the time by the superintend-
ent, Mr J. IX. Hardman.

AxAvysis XJII. DOLOMITE.

BB On et O F LI E = L s S R e a & s s S e e e e a el S L S IS SSs 50, 03
Carbonate of MAZNESIA. .. ... oeriiei e iiae e ane e eaee e 35.16
R O L i e b S e et L BTSSR L R TR T 1. 14
ProtoSide Of AF0R .l ch i siidinhots (oomaiiieanis 4ok + suaier weies s avssienane 0,41
T T R el L A e R o R R s i e s s e = e e WA A o s 2,62
R T e e i el o T i 3 T S o B e G R A 10. 64

100. CO
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Analyses of dolomites made in the Grant Smelting Works by Dr. M. . Iles.

| e | | |
[ XYL XV ] XVI | XVIL | XVIIL ‘l XIX
| | |
| - —
| | ! |
! Carbonate of lime ............. 66. 50 | 54.94 | 49. 57 : 57. 95 51.60 | 55. 85
Carbonate of magnesia.......... 25.10 | 41.93 37.08 | 39. 65 39.77 f 39.35
Carbonate of iron None | None | 6.23 ! None None [ None
| SIHCH oo vist e e aent e ns 2.70 { 0.93 4.22 [ 0.76 2.50 L 2.80
Alumina and peroxide of iron. .. 6.40 | 1.31 | 3.58 ‘ 1. 65 6.13 | 2,50
: Organitmatier sioosossoisnssy None | 0.21| None I None None | None
Total oL on e aatohas 90.82 | 100.63 | 100.01 | 100.00 | 100.00
{

100.70 |

|

NoTE.—Analyses XIV and XV, locality not given; X VI, Glass mine dolomite ; XVII, Carbonate mine dolomite,
said to contain from two to six ounces of silver to the ton; XVIII and XIX, Glass-Pendery dolomite, said to contain from
one to two ounces of silver to the ton.

The superintendents in Leadville do not like dolomite as a flux. Itis probable that
before long limestone will be substituted forit. Already Messrs. Billing & Eilers have
experimented at their smelter with perfectly pure arragonite from the Duncan quarry,
Arkansas Valley, close to Leadville, and the results have been most satisfactory.

Limestone.— Should limestone be used instead of dolomite, it might be brought
from Robinson, in the Ten-Mile District, 16 miles distant, or from Cafion City, about one
hundred and thirty miles south of Leadville, on the Rio Grande Railroad. These lime-
stones are similar in appearance to lithographic limestone. That from Robinson (Upper
Carboniferous) contains 97.11 per cent. of carbonate of lime, as determined by Dr. W. F.
Hillebrand. The following analysis of the Calion City limestone (Cretaceous) was
made by Dr. M. W. Iles.

ANALYSIS XX, CANON CITY LIMESTONE.

Carbonate of e b tun e o L e S L e A e S e s 88.90
Carbonate/Of-MASNERIN vy s swsamesaset b sn T e S s S s o s Sl S 6. 30
o1 3 T, Pt SR 08 S e o D R S oy A I U S DS i 3.10
S LT T s S8 T T e S N e W s e B O R e 1.50

99, 80

Hematite._The hematite used as a flux at the smelters is chiefly extracted from
the Breece Iron mine, on Breece Hill, but at cne smelter some Silver Wave mine iron
ore is also much used as a flux. This ore was not, however, examined. The sample of
Breece Hill hematite, which was examined in the laboratory of the Survey, was made
from specimens collected on the hematite heaps of the following smelters: American,
California, Elgin, Harrison, and Billing & Eilers.

The following is the description of the specimens and the color of their streaks:

1. Black, submetallic luster; red spots; reddish violet streak.

2. Red and yellow ; silicious appearance; deep brick-colored streak.
3. Very compact ; submetallic luster; magnetic; black streak.

4. Compact; dull luster; light brick-colored streak.

5. Black; subwmetallic luster ; brownish strealk.

In Analysis XXI the decimals are carried to six figures, in order to introduce
both gold and silver,
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AxALYsIS XXI. BREECE IRON ORE.

Elementary analyss.

o el o o e B Prs A3E e o L o 66. 443392
TN T o e s e R e L D e I S e L L 0. 007280
Nickel and cobalf’. o - rocsiovicacccacis PRSI MU e S e e Trace
O e e e A 0. 025201
OO e e e T B, S e Do L e T e s e e 0. 022597
O sy e s M e e e P e S b 0. 000102
Balvar e ot o A e A e e e e A e Bamw S EA S O 0. C00404
ATHOTIT O Lok e SRt Rl L M e e L L S T e 0.007174
ABHMONY osven cosass sision e o e Trace
iy SR s e e S e e SR R S e S 27.430173
Ghlorine (Eraces calomlated). oo . oo - corr vsms cr5ive rosaanna shee s 0. 000132
A e e A o e e g S SO O it S (0. 290000
BT B EET L T R R O e S b SN (R SRS Sl DRl O S 2. 444655
SR h O TGIeIt s re R S i da it s e AR S i s e T 0. 100740
IR TSRO R Ll Sy 800 o Do S S e b i g Sg faaiere 0. 052250
T e o S e L T S A R S O T T 2, 388500
B e e s S e e e e R R A S R e Nt 0. 121200
MAFNORIN Sl cehouem s el S a Tl e A L LI L s i e e 0. 619900
Alumina ...... e R R SR e e e i P S e e S R 0. 045000
S e g s e ee R e, e e et 0. 000700

100. 000000

Silver, 0.13 ounce to the ton.
Gold, 0.06 ounce to the ton.
Rational analysis.

Pt oRlde Of O - 2 £ L e e R o nL L S e ol 71. 843540
Magnetic oxide of iron (FegOy)- s o fun il ttuuen tl sl Al R S viasidss 18. 009740
Carbonate of oD (v ciis i sl it sl b n i s Ak o leal T 88 In S e 6. 445000
Ohloride of BIIVOD cieas. sumiars s mmels ma b s a s i aheie o s 57s om 0. 000536
e TV [ e M (SR R G e s e s e S BT 0. 000102
Arsenic acid (combined with FesOs) ccee amaer cieiniioniiaannoann. 0. 011C00
DS LY a1y L e SRR S e R S S e SR e S SR S I 0. 028300
(81 0 a L ey 84 b e S e e 0. 031400
Peroxide of MANZANESO <caw cvae oot cacetoncis smmnes daaesoacas siaen 0. 011500
Oxides of cobalt, nickel, and antimony ...... o P T o 0 er Trace
Phopphate OF Tiflie | -« o« olvcnmnsirnasm sns nin ssns oo sinsavoes bnal aasonn o 05218140
Titanic acid (in the state of titanateof iron).......... ... oo ol 0, 052250
ST TR S S ST R S e e s S T S S e e e e 2. 383500
B SR, e O R (= I ORI oo S S RS 0. 004400
MAGHEBIA - c2us cacams -sasedeaamonns canlaasans tutisinn bmnmas nanse vanaws 0. 619900
ATONING Jaoorsomsmsn sstnissesisns ruasa vanans tabsce sionvies vasnsscainy 0. 045000
R o A SR e L RS IO S P BT SR T (S e A 0. 290000
1T R e M s s o SRR e SRS P DO , e e 0. 000692

100. 000000

Discussion.— The hematite was not examined either for bromine or iodine, with
which silver is generally combined in Leadville. Chromium, tungsten, molybdenum,
and vanadium were carefully sought for, but no traces of these metals could be detected.

Titanium could only be found by a method which was specially devised for its
detection, and which is the following : The hydrochlorie solution of hematite is reduced
to the minimum of oxidation by sulphureted hydrogen and then boiled to expel the
excess of this gas. The solution is then as nearly as possible neutralized with an
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alkali and boiled with an excess of hyposulphite of soda, which precipitates titanic
acid, alumina, and a little soluble silica. The precipitate collected on a filter, washed
thoroughly and calcined, is treated in a platinum vessel with a mixture of sulphuric,
hydrochlorie, and hydrofluoric acids, and the whole is evaporated to dryness. The res-
idueis fused with bisulphate of potash, and titanic acid is extracted, as usunal, by boil-
ing the dilute solution.

Although magnetic oxide of iron is reported in the analysis with the formula
Fe;0y, this is not exact. The writer succeeded in isolating this oxide in a state of great
purity by alternately extracting it with the magnet and rubbing it with the finger on fil-
ter paper until it no longer soiled the paper, to which the non-magnetic oxides remaincd
attached. It was then analyzed, and its composition is represented by the formula
Fey0,,=6(Fe0)+7(Fe,0;), instead of 7(FeO)+7(Fe,0;), which would be equivalent to
the formula Fe,O,. It is only quite natural that magnetic oxide formed in the midst
of peroxide of iron should contain an excess of this oxide. The writer assumes that
the force of adhesion was used for the first time in this instance for the mechanical sep-
aration of substances. It has been employed since in connection with the use of the
magnet in investigations on the nature of different metallurgical products, and in exch
case it has led to interesting results.

ORE-BEDS.

Smelting charges consist of mixtures of ore with fluxes and fuel in definite but
somewhat varying proportions, previously determined, so as to produce a desired
chemical combination.

The ore entering into the smelting charge may be an unmixed ore of known
composition, or a previously-prepared mixture of ores, called an ore-bed, or a combi-
nation of the two.

{re-beds are prepared by superposing layers of different ores of known weight
and composition in such proportion as to produce mixtures of known contents in lead,
silver, iron, and silica.

Composition of ore-beds.— Qre-beds are generally made to contain equal parts of
metallic iron, metallic lead, and silica or gangue, or from 20 per cent. to 25 per cent.
of each. The relation between lead and silver is about six pounds of lead to one ounce
of silver; but this relation often varies, as well as the percentage of lead, while, on the
contrary, the percentage of iron and gangue remains pretty constant.

The great advantage derived from the preparation of ore-beds, besides giving
mixtures of known composition, is that of drying the ore, an operation which if carried
on in the furnace would absorb an enormous amount of heat.

In Table V will be found the following particulars in regard to seven differcnt
ore-beds :

. Humid weight of each ore-bed in pounds.

. Average percentage of moisture for each ore-bed.
Dry weight of each ore-bed in ponnds.

. Percentage of silica or gangue for each ore-bed.
Total weight of silica in pounds for each ore-bed.
Percentage of iron for each ore-bed.

. Total weight of iron in pounds for each ore- I)ml

. Average tenor of silver in ounces to ton for cach ore-bed.
. Total weight of silver in ounces for each ore bed.
. Percentage of lead for each ore-bed.

. Total weight of lead in pounds for each ore-bed.

--otomqgag:-.ng.am.—-

—
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TABLE V.—Composition of ore-beds.

Ore. { Silica. Iron. { Silver. Lead.

Number of ore-bed. [ | | | o |
Hnmid‘MoisLi Dry Per ‘ Total | Per | Total (0UBSeS| Tt | Per | Total

weight.| ure. ‘ weight. | cent. !weight.| cent. \weight. | ut)o:}w ‘ weight. | cent. weight.
‘ R
Lbs. | P.ct Lbs. Lbs. Lbs. 1 | Ounces. Lbs.
410,355 | 10.2 | 368,430 | 21.54 | 79,375 | 21.48 | 79,160 | 42.94 | 7,912 19.50 | 71,868

340,915 10.8 | 304,090 | 26.50 | 80,840 | 23.20 | 70,779

f 30.12 | 5946 | 19.60 | 59,875
302,690| 10.7 | 470,257 | 22.30 i 60,354 | 22.10 | 59,9075

|

|

85.03 | 4,734 20.00 | 54,105

283000 9.4 | 256,858 | 22.00 | 56,475 | 26.40 | 67,876 |

| 6162 | 7,808 21.00 | 54,135
279,475 12.0 | 245,002 | 20.00 | 49,321 | 16.60 | 40, 841 i 66.02 | 8,146 28.20 | 69,437
330,805 10.2 | 296,920 | 25.40 | 75,556 } 21.86 | 64,696 | 65.03 | 9,690 19.00 | 56, 267
............... 235,840 | 17.85 56.

40, 831 \ 24.78 | 58,321 ’ .53 | 6,651.9 | 23,45 | 55,239
Totals and averages..| .......[... .... 1,977,806 | 22.40 i442. 752 ‘ 22.30 441,648 } 51.56 | 50,977.9 I 21.30
i |

420, 926

No. 1 is made at Smelter H of orc from the Amie, Hibernia, Homestake, and Morning Star mines.

No. 2 is made at Smelter I of ore from the Amie, Chrysolite, Evening Star, Morning Star, and Virginius mines.

No. 3is made at Smelter H of ore from the Amie, Evening Star, Hibernia, Homestake, Little Giant, Morning Star, ete.

No. 4 is made at Smelter H of ore from the Amie, and Ecening Star.

No. 5 is made at Smelter H of ore from the Amie, Adelaide , and of flue-dust.

No. 6 is made at Smelter H of ore from the Amie, Morning Star, ete,

No. 7 is made at Smclter B of ore from the Catalpa, Evening Star, Henriett, Hibernia, Highland Chief, Morning
Star, and Silver Wave mines.

A consideration of Table V shows—

1. That the ore beds vary a good deal in weight; in the examples given, from 117 to 189 tons.
2. That the mixtures contain on an average about the same quantity of silica, iron, and lead.
3. That on an average the relation of silver to lead by weight isas 1 to 120.4, or one ounce of silver
to 8¢ pounds of lead.
4. That the amount of moisture is pretty constant.
SMELTING CHARGES.

By smelting charges will be designated the combined weights of ore, fluxes, and
fuel thrown at the same time into the furnaces, and by charges, the weights of ore and
fluxes entering into the composition of the smelting charges. The word ore embraces
ore beds and unmixed ores, and the word fluxes, dolomite, hematite, and old slags.
The wetghts of smelting charges differ a good deal, according to the capacity of the
furnaces. The term fuel will always be used for the mixtures of coke and charcoal
used in Leadville. Although the amount of fuel used in smelting will always be given
in weight, it must be remembered that coke and charcoal are not weighed at all smelters,
but are as often measured by the shovel or the barrow ; the volume has been converted
into weight for comparison.

SMELTER A.

The information obtained at this smelter is not very satisfactory. The smelting

charges are made up of —

Ore, 150 pounds. { Flux, 50 pounds. { Fuel, 35 pounds.

? ikt R |

l Qredbeld -, cooravsy v 5100 f Dolomitoa s e s vove 10:] Chaveonl sesssateasnssn 15 !

Unmixed ore......... . 50 | HEmAtito ceneeonencsass 10, L 'COkE. . itsrsssunwnicsiws 20 |
| Old slags ..o.cneivnnnns 20 |

m(}hnr_g; (vorcrx;;{(i ﬂnxi), 2(0 pounds. Sn;;l}i;xg&;nrgc (o-lé; ﬁux. and fuel), 235 ponnds.
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When coke is scarce the above fuel is used, bat when coke is plentiful the fuel
preferred is 35 pounds of a mixture of 60 per cent. coke and 40 per cent. charcoal.
The proportions are as follows:

Flax £0 070 eonasicacens someni nas—vana LB/ s e ae s s s iy e TS i et 33%
Buol to OTales il iis vuve smanmebisinswsig e shm s 23 Mokiess ol s n rib = e a = i 233
8 s (3 T R e 17

This would form a very fair smelting charge; but, if we reconstruct an average
charge from the consumption of ore, flux, and fuel, given for this smelter in Table IV,
we find the following result:

. } Ore, 150 pounds. | Flux, 27.5 pounds. Fuel, 68 pounds.
O e sbboincuus 150 | Dolomite .. ...... 3.4 | Charcoal.......... 19.7
| | Hematite ......... 1 1-Gokerranasssee 48.8 |
i | Old slags ......... 30.0 ‘

Charge (ore and flux), 187.5 pounds. Smelting charge (ore, flux, and fuel), 255.5 pounds.

The discussion of this average charge leads to the following results:

PrONOTLION OF T T I DO o o in ieame sl o S S = St = A s 25
Praporionof fnel-foiore. Lot Sl sl vt e B Sdh s e u sa st 454
Proportion/6fucl o CHATpe e tiis, ol it mnr o th b im i 36 s Sar Swa 364

After inspecting these figures no one will be surprised to hear that the superin-
tendent of this smelter complains bitterly of his furnace. The furnaces are undoubt-
edly very clumsy, but they are constructed on the same plan as all the other furnaces
in the camp, and the fault lies chiefly in the fact that less hematite and dolomite is
used at this smelter than at any other, that the slags are less-fluid than any others
in the camp, and that the enormous percentage of fuel exhausts itself uselessly on
refractory charges. The number of smelting charges run through each furnace in
twenty-four hours is equal to 300.

SMELTER B.

Smelting charges made in August, 1580.

No. 1.
i Ore, 510 pounds. Flux, 200 pounds. Fuel, 140 pounds.
S e e e S |
[ Oroieis .t aaiin ] 200 | Dolomite .......... 50 | Charcoal............ 80 |
| Low-grade ore..... 100 | Old slags .......... 160 | COKE. | uuss scadonsines 60 |
| Various rich ores .. 200 ;
| Lead scraps ....... 10 |

i

Charge (ore and flux), 710 pounds. Smelting charge (ore, flux, and fuel), 850 pounds.

No. 2.
‘| Ore, 510 pourds. Flux, 190 pounds. ] Fuel, 140 pounds.
f it = A:
Ore-bed...ccuvn.n.. 100 | Dolomite ... ...... 40 | Charcoal...
Low-grade ore..... 100 | Old slags .......... 150 | Coke
Various rich ores .. 300
Lead gcraps ....... 10

Charge, 700 pounds. Smelting charge, 840 pounds.
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SMELTER B.

Smelting charges made in dugust, 1880—Continued.

No. 3.
' J
’ Ore, 510 pounds. Flux, 190 pounds. | Fuel, 140 pounds. -
]
‘ iy
| Ore-bed.~... .. .- 150 | Dolomite .......... 40 | Charcoal............ 80
| Low-grade ores.... 100 | Old s1ags ... ...... 150 | COK® ..euennenon... 60
Various rich ores.. 250 l

Lead scraps........ 10 I |

Charge, 700 pounds. Smelting charge, 840 pounds.

No. 4.
Ore, 500 pounds. Flux, 150 pounds. Fuel, 140 pounds. |
fere e e | |
| Ore-bed..........c 300 . Dolomite ...... ‘iz B0} Charcosl sl o, 70 !

‘1 Various rich ores .. 200 | Old slags .......... J00 4 Cokermaic v aansass 70

Charge, 650 pounds. Smelting charge, 790 pounds

At Smelter B fuel is measured by the wheelbarrow. Eighty pounds of charcoal
represent one charcoal barrow made of thin sheet-iron and holding about 5% bushels.
Sixty pounds of coke represent an ore barrow used also for coke. In Fig. 2, Plate
XXXI (elevation of Smelter O), both kinds of barrows are indicated.

In the smelting charges Nos. 1, 2, 3, and 4, the average proportions are:

FIRE A0 008, , €0 8L St hvre i it sovre vt a ol oo e LS R M o i S e 36
Pael o orel. i itvave sl s St e Ve sy A o R P T AR S 273
Fnel 1o charge ..« is wes o s e e S e o S e 204

If we reconstruct an average smelting charge from data given in Table IV we
find—

I
|

i Ore, 500 pounds. |[ Flux, 206.7 pounds. J Fuel, 165.1 pounds.

| . fum TF AT
, Various ores....... 500 | Dolomite . ...... 69. 85 | Charcoal......... 100. 8
| Hematite . ...... 1.85 ! Cokoiascesiaosass 64.3
| Old slags ....... 135

i

Charge (ore and flux), 706.7 pounds. Smelting charge (ore, flux, and fuel), 871.8 pounds.

The figures represented here are normal; the great amount of old slags used at
this smelter accounts for the relatively small proportion of hematite. The percentage
of fuel is in excess of that given in the preceding examples, for the reason that part
of the fuel at the smelters is used for assaying, heating, and various other purposes
besides smelting.

The proportions in the average charge are as follows:

Flux to ore........ e g e e e L 41%
FUEL t0 OT@.cen cecce ceceassanansacansacccscaccossoancsanassnssssnnnecnn 33
Fuel to charge ..cca. ... ELE e e S v s mwis o 23%
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SMELTER C.

Smelting charges made in August, 1820,

No. 1.
Ore, 306 pounds. Flux, 157 pounds. i Fuel, 100 pounds.
1 |
Ore-bed............ 123 ‘ Dolomite ........... 90 1 Charcoal. ..ccuve-... 50
Rock Mine ore .... 123 | Hematite ........... 71 COR® ~wic o vrpaans 50
Evening Starore.. 19 | Old slags «...... .... 60 |
i

1
Dunkin Mine ore.. 41 1 i |1

Charge (ore and flux), 463 pounds. Smclting charge (ore, flux, and fuel), 563 pounds.

No. 2.
Ore, 315 pounds. | Flux, 148 pounds. | Fuel, 100 pounds.
i |
Ora-bed..--.-.--.:s 100 | Dolomite ........... 84 | Charcoal ............ 50 |
Rock Mine ore .... 100 | Hematite ..... 4  Cokeandscreenings. 50

Evening Star ore . 44 ‘ Old slags .....
Rock Mine ore .... 71

i T =

Charge, 463 pounds. Smelting charge, 563 pounds.

No. 3.
Ore, 332 pounds. | Flux, 127 pounds. Fuel, 95 pounds.
| Ore-bed No.1...... 106 | Dolomite .oeveeenew. 64 | Charcoal ... oae-... 50
; Ore-bed No.2...... 53 | Hematite --- 3 | Cokeandscreenings. 45 |
! Dunkin Minc ore.. 40 | Old slags ... v
! Rock Mine ore..... 133 |

Charge, 459 ponn.ds. Smelting charge, 554 pounds.

At Smelter C the above charges are smelting charges according to our definition,
but they are called semi-charges. The slags are not weighed, but measured by the
ore-shovel ; they are not mixed with the ore and flux, but with the fuel. TFuel is meas-
ured by the fuel-shovel in the proportion of two shovels of charcoal for one of coke.
One shovel of charcoal (fuel-shovel) is equal to seven pounds, and one shovel of coke
(fuel-shovel) to 14 pounds. One shovel of slags (ore-shovel) weighs about 15 pounds.

In smelting charges Nos. 1, 2, and 3, the average proportions are—

IO 00 0Tk s~ S0 e L T R S T s e et e e o i e 45%
FOel 00000 . budtiin s Sa s u v Ve Sy BT Y e Saae b0 Mo s S S S e B e 31
RAelt0 ShaREe 7o s oy I e O L S Ta U s s W T S S S T R s 21%

At Smelter O the smelting charges are model ones, like everything else connected
with this smelter. The slags obtained from the above smelting charges have the com-
position of singulo-silicates. They are very fluid at a relatively low temperature, and
carry less lead and silver than any others in the camp; and the average charge repre-
senting the work dome during a whole year will show with what regularity work is
carried on at this smelter.
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The average charge, deduced from data given in Table 1V, is as follows:

i Ore, 310 pounds. | Flux, 157.6 pounds. Fuel, 105.9 pounds.

| — 2 Y * ol ’ {
[ 0 (- PO 310 l Dolomite ........ 69.53 | Charcoal......... 59.10 |
| Hematite ........ 20.57 | COk® weeuue cuuenn 46.80 |

| Old slags ........ 58.50 |

Charge (ore and flux), 467.6 pounds. Smelting charge (ore, flux, and fuel), 573.5 pounds.

In the average charge the proportions are —
37 QI U o A e e L e U SIPST LT e R et it 50%
T o e R, ey UMl R O S Sl ) o i P oyl 344

.......................................................... 223

Being in possession of data obtained at Smelter C for the month of July, 1880,
these data will be discussed, for in the opinion of the writer everything connected
with Smelter C is worth recording.

Tons.
D16 smel ted- 18 Tl TBB it e e s o3 e s S S S S T 1,500
Doloimite smelted in July, 18280 - . ccaoatciceisnimenasniin AR b St 525
Rermatitesmel (ed el dy, BRE0CY S LRSI EN R Ly el s e T 85
pulitonmroanest A0Sl IR0 kL X ol AT B e 4353

The bullion produced in twenty-four hoars is equal to 14 tons, assaying 136 ounces
of silver to the ton.

The average charge for the month of July, 1880, is as follows:

1

Ore, 310 pounds. Flux, 144 pounds. Fuel, 105 pounds. |

1 |

b ST i |

Ore8 vaveeiivssanes 810 | DoOlomME (coce s oyl o T R ety T 105 |
| Hematite ........... 17 t

Olaslags .oizotais 60 l

Charge (ore and flux). 454 pounds. Smelting charge (ore, flux, and fuel), 559 pounds.

In the preceding charge the average proportions are —
= > t=)

B O BT sl e i s & o S TR A e A e s e s S e e e B e 463
BAlel HOTONE. Sl M i ey el e - kR S AT et ol My AU R e s S R 3
IR G T T R e o, - T e A T A B Rt e Dl A 23

Production of bullion per charge, 90 pounds.

As has previously been stated, the mixture of ore, dolomite, and hematite, weigh-
ing about eight hundred pounds, is called the charge. It is made to contain about
20 per cent. of lead, of which about 88 per cent. is extracted in the state of bullion.
Consequently each charge will contain 160 to 161 pounds of lead, of which 141 to 141.5
pounds are extracted in the state of bullion. This quantity of bullion requires 200
pounds of fuel for its extraction, showing that one part of bullion requires about one
and one-half parts of fuel for its reduction.

As the quantity of material to be smelted in each charge weigdis about 920 pounds,
from which 141 pounds are extracted in the state of bullion, the remaining 779 pounds
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constitute the slag, containing about 2 per cent. of lead, or 15 pounds, and the loss in
fumes is equal to about four pounds of lead per charge. Each charge gives about 5.67
parts of slag for one part of bullion. The furnaces run about two hundred charges in
24 hours, yielding: Bullion, 16 tons; slag, 80 tons; and consuming: Rich ores, 63}
tons; fuel, 20 tons; charges, 143 tons.

SMELTER D.

Smelting charges made in August, 1880,

1 | |

l Ore, 700 pounds. Flux, 330 pounds. l Fuel, 160 pounds.

‘ Ore-beds........... 500 | Dolomite .......... 80 | Charcoal.... ... 93
* Various ores....... 200 | Hematite .......... 1707 'Coke cen e davein 65

1

| Old slags .......... 80

|
|

Charge (ore and flux), 1,030 pounds. Smelting charge (ore, flux, and fuel), 1,190 pounds.

In the preceding smelting charges the proportions are —

TR O T B B o e e e B S e G s e B L P D S wadiae 47
5t R ook SNETRIR R Sl S e e Rl e O o - D SOt 2%
el SO CBATES - ool i S ABE n i ki ies S e i e 0 e N i 154

The composition of this smelting charge is a normal one. The composition of
the average smelting charge, calculated from the data given in Table IV, is the fol-
lowing :

1 |
i Ore, 700 pounds. ; Flux, 170.3 pounds. Fuel, 133.4 pounds. ]
e —
[
Various ores....... 700 | Dolomite ........ 41.65  Charcoal.......... 89.6 |
! Hematite ........ 4865 | Cokeucoueennoia: 43.8
, Old slags ........ 80 | |

!
Charge (ore and flux), 870.3 pounds. Smelting charge (ore, flux, and fuel), 1,003.7 pounds.

In the average smelting charge the proportions are—

Flox 10006 cear heacac JU N o) e e P e S BRSSP 24%
R O T B e o e e e e e e el s Sm e S sEE R 19
R 0 O R T e e e e e e R =03 M o Wk oo oae b S w5 15%

The percentage of fuel is the smallest which has been yet observed, and this last
smelting charge would prove the most perfeet if it were not for the important ele-
ment, time, which has been purposely neglected. The question will be discussed after
exhausting the composition of smelting charges of the various smelters, and it will
be seen whether it is advisable to aim at the lowest percentage of fuel in smelting
charges.

SMELTER E.

Smelting charges made in August, 1880.

Ore, 300 pounds. { Flux, 80 pounds. [ Fuel. 73 pounds.
Orahed.c..oi.ae.- 200 | Dolomite ........... 15 | Charcoal.......... 36.5
Various ores. ...... 100 | Hematite .. ....... 15 |00k =z o b o 36.5 |

{ Oldslags ........... 50 |

Charge (ore and flux), 380 pounds. Smelting charge (ore, flux and fuel), 453 pounds.

-
[
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In the preceding smelting charge the proportions are —

S ey AT e e e bl T Ol M e i S e e 26¢
et Wi ORI R TR B ST I SO il G o R RS s MR e 24}
e LT B a1 it O SR Rl B A e et e e S O ) B A ) 194

Average charge deducel from data given in Table IV.

Ore, 300 pounds. | Flux, 86.6 pounds. Fuel, 74.9 pounds.
Various ores....... 300 | Dolomite........ 15.69 | Charcoal......... 49.9 |
| | ‘Homatite oo coxe 20,01 | COKE o cvsinie visn 25 l
Old slags ... .... 50 !

Charge (ore and flux), 386.6 pounds. Smelting charge (ore, flux, and fuel), 461.5 pounds.

In the average smelting charge the proportions are —

B O OO e L e L o i e e e ik U e B e o 29
IR T I e et e (SRR T R e S S e o TS e S R 25
s (Y IR o) O e R B B R T e e A I U B S TR 19%

The general rule observed at this smelter is the following: The ore is made to
contain 30 per cent. of gangue, 30 per cent. of iron, and 20 per cent. of lead, and the
charges are smelted with 20 per cent. of fuel.

SMELTER F.

Smelting charges made in August, 1830,

Ore, 500 pounds. é Flux, 280 pounds. ‘ Fuel, 150 pounds.
|
Ove-bed (very sili- | Dolomite .......... 110 | Charcoal .......... 130
T T) R 500 | Hematite .......... 120"} C0K® <oxnvsevinsnn 20

| Old slags .--eoeeeue 50 |

Charge (ore and flux), 780 pounds. Smelting charge (ore, flux, and fuel), 930 pounds.

In the above smelting charge the proportions are —

RIUT AOES oo v i S e e B R oo b At e ST A e e i el A s w et S S 56
] O T e s g e s ST S B T i AN S AR o B et Pk S L e o e 30
FUOE 10 OBATES . cvn wanaisnsani snonis st sie somonia s dmetisnns smesomanion se sonnionid 193

Average charge caleulated from data given in Table IV.

‘ Ore, 500 pounds. ‘ Flux, 233.4 pounds. : Fuel, 238.8 pounds.
I,,‘, . ., L TN - — == o

' Various ores ...... 500 | Dolomite ........ 88BY Taeliudicvsaesald 238, 8
| | Hematite ........ 100. 2

| Old slags ........ 50

Charge (ore and flux), 733.4 pounds. Smelting charge (ore, flux, and fuel), 972.2 pounds.

In the average charge the proportions are—

PUAX 10 010 2as s wn s o5 trsora o sams wmeis emas #a slabanes sastssstve e odos sams s 463
FOCL 10 078 i< cviniaeincmmaio o abin's o nwiieoimsions subasis vans soes sossanseds/usasvees s 47%

Tl t0 CHATES ccvnsaccanis asaasamnnns vataes daus svoas sass sryaiots canmenssss- OO
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SMELTER G.

Smelting charges made in August, 1330,

Ore, 645 pounds. ! Flux, 142 pounds. Fuel, 140 pounds.
Iron Mineore...... 85 | Dolomite ........... 62 | Charcoal ............ 80
Robert E. Lec ore.. 123 | Old slags ........... 80 | CORB I et o L s 60 |

Morning Star ore .. 185 |
| Robert E. Lecore.. 77
| Evening Star ore .. 175 |

|
|
|
{

|

Charge (ore and flux), 787 ponads. Smelting charge (ore, flux, and fuel), 927 pounds.

In the preceding charge the proportions are —

Flux 10 orton_.c - coteas S S VA e S i e S NP 5 e B T
P I ey b et i SRR R e T S T P o L e S P
T b e ERR R i e e et SRCTIGIER S P SN e S L S

Average charge deduced from data given in Table 1V.

1 Ore, 600 pounds. Flux, 203 pounds. Fuel, 153 pounds.
Various ores....... 600 | Dolomite ......... 681 | Charcoal ... ...... 92
| Hematite ......... I B T S 61
| Oldslags ... . ... 75

!

Charge (ore and flux), 803 pounds. Smelting charge (ore, flux, and fuel), 956 pounds.

In the average charge the proportions are—

R ROUOTCAE - 2 e S Lt e e o e e T S et G S e st
BuelHoi0re comt i so M Ce S & LU N L S et e s St S,
2Ol G Ui 6 o e B Pl T SRR ORI SR S B e e S SO F

At this smelter the fuel is measured by the shovel.

SmeLTER H.

Smelting charges made in August, 1880,

No. 1.
Ore, 530 pounds. Flux, 175 pounds. ‘ Tuel, 130 pounds.
i
R S T b TR = S ISR, —— %
| Oro-bed............ 500 | Dolomite Chareonl-::vuvsanas 330/}
| Adelaide ore....... 30 | Old slags .. ok i n ey 20 ’

Charge (ore and flux), 705 pounds. Smelting charge (ore, flux, and fuel), 835 pounds

No. 2.

Ore, 530 pounds. ; Flux, 155 pounds. | Fuael, 130 pounds.
|

Ore-bed............ 500 1 Dolomite .......... 35 | Charcoal ..........
|
| Adelaide ore. ...... 50 l Old slags ....
|

Charge, 705 pounds.  Smelting charge, 835 pounds.

22
213
174

334
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No. 3.
Ore, 480 pounds. Flux, 160 pounds. Fuel, 120 pounds.
Ote-bed . .o fsoe et 480  Dolomite .......... 60 | Charcoal........... 100
| Old slags ......... 100 | Coke.... 20
Charge, 640 pounds. Smeluug charge, 760 pounds.
No. 4.
|
I Ore, 500 pounds. ! Flux, 135 pounds. Il Fuel, 120 pounds.
OreHodz dab, ) oot 450 | Dolomite .......... t Charcoal........... 100 |

Adelaide ore....... 50 ‘ Old slags .......... 100 [ (o)) < SRR 20

Charge, 635 pounds. Smelting charge, 755 pounds.

In the preceding smelting churges the proportions are —

\ No. 1. l l No. 3. ’No 4. I
| | I

TG T A | |
Flux tocre . ......... ! 83 | . 28 | 3 ‘ 27 #
Fueltoore ........ | 24| 23| 25 | 24 I
| Fuel to charge...... 18§ 183 158 19

Data relative to the consumption of ore, fluxes, and fuel not being obtainable at
this smelter, one of the most important in the camp, the construction of an average
smelting charge is impossible; but the general rule observed at the works in the com-
position of the smelting charges is the following: The ore-beds are made to contain
equal parts of gangue and wmetallic iron, 20 to 25 per cent. of each, and from 16 to 25
per cent. of lead, about six pounds of lead for one ounce of silver. When the propor-
tion of gangue and iron is equal in the ore-bed, the ore is mixed with 10 per cenr. of
dolomite; but when gangue is in excess hematite is added in sufficient quantity to
make the balance. At this smelter the slags obtained are called acid slags. The fuel-
shovels used at this and other smelters are drawn to scale in I'igs. 1, 2, and 3, and the
ore and slag shovels are shown in Figs. 4 and 5, Plate XLIV.

SMELTER 1.

Smelting charges made in dugust, 1=30.

[At this smelter the ore-bed was made with Morning Star, Dunkin, Iron mine, and Agassiz ore.}

: r
Ore, 526 pounds. Flux, 278 pounds. | Fuel, 147.5 or 137 pounds.

i o L S Fer ¥ trag T R
{ Oro-bed......c.... 263 | Dolomlte 66 | Charcoal.... 60.5}0r§ 57
| Virginius......... 156 IIem:\mo... 67 | Coke........ &7 80

iChrvsolilo (sand). 107 Oldslngs...‘ 140 |

|

Charge (ore and flux), 799 pounds. Smcltmg charge (ore, flux, and fuel), 046.5 or 936 pounds.
MON.- XII 42
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In the preceding charges the proportions are —

FIXEO 018 oo s 5= e vile Sasdbiar e Sl s 5 n i) SE 7 S e ¥ SRy A ERRAS o2
A O P e e s Fawy Six s e S oo h o e R SR ma s s e 26 and 28
R O Y T e e e Pl e £ ot ot o i O e 2 S i S e 174 and 183

Charges made at California works in February, 18S0. — Mr., J. E. Hardman had the kind-
ness to communicate the following experimental charges, which he made at the Cali-
fornia smelting works while superintendent, chiefly with a view to avoid the use of old
slags.

| | |
l No.1. [ No.2. | No.3. | No.4. | No.5. | No. 6.
|

[

OreBous. o2 v o Lo st 500 | 400 | 250 425 | 450 | 500 ‘
NETI00R OTCH avs it n s ondamwimnifrnsinas ' ........ 17, B B e A [P N !
45 ; 40 50 50 65 55 |
| 10| 8| 90| 2| 50
i PR % SR SO T ) ISt e |
00| 100 100 00| 90 110
0! o 24 24| 48 | s 1

(077 a0 3 L e S PP ‘l 500 | 400 400 425 450 | 500

T g e S LR | 141 158 135 140 8| 105

ChATZEB s s en = vivnsvesa 641 553 535 565 535 605
T (0 1 ARE R pee C | 140 124 124 124 18 | 142
Smelting charges ....... 781 682 659 039 673 | 747 |
Number of charges in 24 | i | |

HONEW. =5 o Dol W s e 3 8| L e 100 90 66 ,

o
-

- In the preceding charges the proportions are —

. — ;
: | No.1. | No.2. | No.3. i No.4. No.d. { XNo. 6.
|

| Flux toore ...... N R T T S S 19 l 21
| Fuel toore........... L =2g 31 81 203 | 30§ | 28% |
| Fuel tocharges . .... i 213 | 22 233 22 253 | 28} |

The following table will aid in the correct interpretation of these figures:

Tons per 24 hours of—  No. 1. | No. 3. | No.4. | No. 5. | No. 6. |
2

Ore consumed ...... .. 20,0 21.2 | 19.1 | 148 | 13.5 |
Charge consumed. ...... 25.6 | 28.35 i 25. 4 17.65 ] 16. 31
Fuel consumed ......... 56 6.57| 5.58| 4.85| 3.88
Slag formed. ............ | 170 165 | 185 | 165 | 12.0 |
Bullion formed ......... RO 2 1 820 5l 505 0TS

e

It results from this table that for cach ton of fuel burned the quantity of ore
smelted is equal to: In No. 1, 3.5 tons; in No. 3, 3.2; in No. 4,3.4; in No.5,3.2; andin
No. 6, 3.5—showing that there is no advantage in using flux instead of old slag, and
that there is a disadvantage in doing so, since fluxes are costly and are apt to carry
away no inconsiderable quantities of lead and silver, while old slag costs nothing and
is already saturated with lead and silver.
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RESUME.

General discussion.— By comparing, in a tabulated form, the average data obtained
in the preceding discussions relative to each smelter with the relation between the
actual and the nominal capacity, it will be possible to some extent to realize the rela-
tion between the composition of smelting charge and the time.

A. B0, D N [ e
,,,,,,, e L S B TR D TR, S !
Proportion of flux toore................... 1 25.0 41.83 | 50.8 | 24.3 29.0 46.6 J 33.8 30.4
Proportion of fuel toore.......ccoconenenna.. ‘ 45.3 33.0 34.2 & 10.0 25.0 ‘ 41.7 | 25.5 24.3
Proportion of fuel to charge ............... | 36.2 | 23.3 E 226 | 153 | 10.3 32.5 \ 10.0 18.6
Tons of ore per 24 hours (actual capacity) ... 28.0 |104.0 | 5.0 | 11.5 | 23.0 15.9 | 69.7 32.9
Nominal capaeity-..cc.-ciicestsnccncnvivens | 35.0 | 180.0 70.0 40.0 50.0 i 60.0 i 120.0 | 100.0 [
7

Relation of actual to nominal capacity 0.80 | 0.57 0.72 0.29 0.46 | 0.26 0. 57 1 0.32 \

NoOTE.—The relations of actual and nominal capacity, as here given by Mr. Guyard, cannot be relied npon, as
he has assumed that each smelter was running 365 days during the year, whereas in point of fact the running
time must have been much lessand must have varied widely in the cases of different smelters, none of which were
probably running at their full capacity for any great length of time. (S.F.E.)

SECTION IIIL.
PLANT AND SMELTING OPERATIONS
SMELTING PLANT IN GENERAL.

Furnaces.—All the furnaces of Leadville are built on the same general principles
and contain the same essential parts, but they belong to two distinet styles: the rect-
angular or square and the cirenlar or round. The following deseription is made from
furnaces of both styles used at Smelter B, but a glauce at all the other furnaces .
sketched for this report, in which the same parts are designated by the same letters,
will show that the differences are only in details.

Square furnaces (see Plate XXVI).—The general appearance of these furnaces
is that represented in elevation, Fig. 1. The furnace is formed of two independent
parts: (1) The masonry (, supported on a main cast-iron plate support, O, resting on
cast-iron pillars, P. (2) The crucible 4 upon which rest the waterjackets B. The
space between the water-jackets and the masonry is filled up with fire-brick, b. This
arrangement, as it is easy to perceive, is most convenient for repairs of parts exposed
to injury or destruction, and cannot be too highly commended. It is universally
adopted in the camp. The masonry is firmly bound by braces ¢), the system adopted
for bracing varying with almost every furnace. Immediately above the feeding-floor,
I, are to be seen the feed-holes, H, provided with sliding doors, 8. The smelting charges
are thrown into the furnace through these holes.

The different parts of the masonry are the following (see vertical section, Iig.
3): € is the shaft of the furnace. The portion of the shaft immediately below the
feed-holes is called the throat. It is seen alsoin horizontal section in Fig.4. Disthe
chimney. Fisthe stack. The stack can be closed or opened by means of the damper G.
The stack is also connected with the dust-condensing chambers by means of the sheet-
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iron flue /. (' represents the walls of the furnace. The wall placed,above the slag-
gutter U, whicli is always considered as the front part of the furnace,is called the
front wall. The opposite wall, at the rear, is the back wall; on each side are the side
walls, in which apertures are provided for the feed-boles. A wooden hood, W, and
chimney, W/, are placed in front of the furnace and above the slag-gutter to carry off
the fumes from slags. The crucible A is formed of strong cast-iron plates, a, firmly
screwed and bolted together, and it is covered with a cast-iron plate, d (see Figs. 3
and 5, Plate XXIX). The crucible is lined with fire-brick or steep (brasque). In
front of the crucible projects the fore-hearth X, to which is adapted the slag-gutter U.
On one side of the crucible is placed the lead-pot I, communicating with the hearth or
crucible A’ (Figs. 1, 2, and 3, by means of the siphon L./ This arrangement is called
the siphou-tap or auntomatic tap. It constitutes one of the greatest improvements
ever introduced in the construction of blast furnaces, for by its means lead keeps
always at the same level and thus escapes as much as possible the oxidizing action of
the blast The lead pot is always inclosed in a cast or wrought iron box or frame, a’,
projecting outside of the crucible. The portion of the hearth designated hy A4’ (Fig.
3)is the dam. A”is the steep of which the hearth, fore-hearth, and lead-pot are made.

The water-jackets B constitute also one of the greatest improvements ever in-
troduced in the construction of blast-furnaces. When properly cared for they never
get injured ; occasionally they may get shifted or spring a leak between the joints, but
this rarely affects the jackets themselves. It is sufficient to state that smelting cam-
paigns of thirteen months are known in the camp, to give an idea of the importance of
this arrangement. The water-jackets B are hollow boxes, indicated in elevation, Fig.
1,and in section, Fig. 3. They are made of cast-iron, wrought-iron, or steel boiler-plates.
In the furnace now under description they are made of cast iron. In the water-
jackets water can circulate freely, so that the temperature of this portion of the furnace
wall, where the most intense heat reigns in the interior, never exceeds 60° to 70° C.
The water-jacket arrangement is always sectional, so as to afford every facility for the
removal of the jackets when the furnaces need important repairs. The sectional dis-
position admits of the expansion and contraction of this portion of the furnace with-
out altering the relative pesitions of the par(s, and on this account must be highly
commended.

In the furnace under description there are twelve jackets: two in front, called
the front or breast jackets; two at the back; and four on each side. In horizontal
section, Fig. 2, the mannerin whick: they are formed is shown very clearly. The jackets
are firmly screwed, bolted, and braced together. Each jacket is provided with one or
more cireular apertures for the introduction of the nozzles of the tuyeres. In Jig. 2
the arrangement and disposition of the tuyeres N is plainly seen. Each jacket is
provided with a cast-iron feeder, R, forming an integral portion of the jacket and cast
with it, for the introduction of water. The level of this feeder is higher than the upper
part of the jacket, so as to fill it completely with water. Small pipes, S, screwed to
the feeders, act as outlets for the hot water, which is carried away by the water-
gutter 7. Cold water is introduced in the feeders by means of the taps ¥ supplied
from the main water-pipe, M. In Leadville the tuyeres are never provided with any
special arrangement for cooling them by water, for the reason that the water-jackets
act as perfect coolers of the tuyeres. The tuyeres are generally made of thin gal
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vanized sheet-ivon, previded with sliding valves, l, used to observe the interior of the
furnace, and also as safety-valves, for they are left partially opened. The front jackets
are always provided with an open space, V, varying in shape and dirensions, and
closed with a plug of tapping-clay. This plug is called the tymp-stone. The tap-hole
Z is perforated through the tymp stone for the exit of molten slag.

Circular furnaces (Plate XXVII).—The circular furnaces are constructed on the
same principles as the square ones, differing only in that their masonry is always
hidden from view by a wrought-iron casing or jacket, JJ/, painted black. This jacket is
made of riveted wrought-iron plates about one-fourth inch thick. The round furnoces,
like the square ones, are made of two independent parts; the masonry supported on a
cast-iron plate, O, resting on cast-iron pillars, P ; and the crucible or hearth 4, upon
which rest the circular water-jackets B, always made of wrought-iron plates riveted.
The interval between the water-jackets and the masonry is also filled in with fire-brick, b.
The main cast-iron plate support O is provided with a cireular vertical flange, ¢/, and with
four projecting horizontal flanges, 0”, corresponding to the pillars. These horizontal
flanges are supported by brackets » ; they rest on the flanges (designated also by 0”)
of the capitals of the pillars, supported by brackets £. The masonry jacket J’ (Fig. 3)
is incased by the flange O’ of the main cast-iron plate support O, and rests on this
plate, as does the masonry (. The wall ¢’ is made of fire-bricks. The stack E, a con-
tinuation of the jacket J’, is not lined with fire-bricks. A wooden hood, W, and chimney,
W/, are placed in front of the furnace, above the slag-gutters. The hexagonal induction
blast-pipe I supplies the branch pipes J and the tuyeres N with the blast. K repre-
sents the canvas hose or wind-bags connecting the branch pipes J wi h the tuyeres N.

The hearth or erucible A and fore-hearth X are made of strong cast-iron plates,
firmly bound together and covered with a cast-iron plate, d. Thelead-pot, which | ro-
jects from the crucible, is framed ina wrought-iron or cast-iron box. The fore-hearth is
provided with two slag-gutters, U, The hearth A/, fore-hearth X, and lead-pot I are
made of steep. The lead-pot and crucible communicate, as in the case of square fur-
naces, by meauns of the siphon L’. The circular water-jackets are made of two sections,
firmly bound together. Each section is provided with a water-supply pipe, 3, at base,
and an outlet, M’, at top, to carry off hot water. In these jacketsno other feeders are
used.

Holes in the jackets allow the introduction of the tuyeres. The horizontal section
(Fig. 2) through the tuyeres shows the disposition of the blast apparatus in the furnace.
The deflecting elbow or sheet-iron flue I’ forms the connection between the chimney
D and the dust-condensing chamber 7. The stack Fis provided with a damper, G.
The furnace has but one feed-hole, H, with its sliding door S.

Blast apparatus. — The blast apparatus in general use in Leadville consists of rotary
positive bLlasts, driven by steam power; of galvanized-iron pipes, for the distribution
of the blast; and of thin galvanized-iron tuyeres, connected with the branches of the
blast-pipes by means of canvas hose or wind-bags. The blower mostly adopted is
Baker’s rotary forced-blast blower, but at one smelter Root’s forced-blast blower is
also in use. The average pressure of the blast introduced in the furnaces is one inch
of mercury. The following table gives the character, capacity, etec., of the blowers

used at each smelter:
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TABLE VI.—DBlowers in use.

v | Extreme
Volume of | Number | v oof! limitsof |

i
| At smelter. | Hfmmber Kind of blower. blustper | °f revolu-
|

in use. revolution. lli]())il:‘Su](l:;l' ‘ lﬂ;‘:ﬂfﬂ:’:' ])irl‘i?l‘::“rllentl‘“ ‘
. mercary. |
‘ ¥
| Cubie feet. Cubic feet.
2 BEROYH, RO 5. calvesnnvs 25 80 2, 000 1to1} |
6 ¥ 2 %0 | 2250 1to1y |
9 | Baker's; Noidh--ioumnen <onies 163 90 | 1,485 1to1y |
1 | Baker's, No.4...ccevn.- 12 9 | 1,080 toli |
2 | Baker's, No.5 80 & | 220 ito1y |
2 | Baker's, Xo.5............ 25 88 | 220 it} |
1 | Baker's, No.4 164 & | 1,82 | 1 !
1 Baker's, No. 53 30 B0 4= ¢ T, 1 i
2 Baker's, No. 5l i ivsiatosssones ‘ 25 80 | 2,000 Rtoly |
1 Baker's, NO. 83 . -wcueeeevmnnnn | 14 | 108 1,782 fto1 |
1l By N0, BF s sscscnmeaiis i 30 100 3, 000 $to 1}
1, | Baker's, X0, 6.0 ol 48 - 8 3,825 | $toli
LS P BOONEL IO wuvassniwasmnanes “ 233 | 120 3,000 | 3tolz
3 L BRIGEIR 0D o v mievicacsian v iy 25 85 2,125 1
1 | Baker's, No. 5% .... 30 100 3, 000 |
2 { ...... do... - 30 80 2,400 | 1 ;
2 | Baker's, No.5.......... 25 &0 2,000 | 1
1 | Baker's, No. 4} ; 16} &0 1,320 1
] | Baker's, NOib.-o. eondacesin i 25 ‘ 85 2,125 1
)| | Baker's, N0.43.ccouzu-- : 16§ | 80 1, 820 1
1 PERROr NG Ao ol Ta i 12 90 1, 080 1
2 | BRECEB N0, Do vy s | 25 80 2, 000 1

The horse-power required to drive the blowers at a given rate is obtained by the
following empirical formula: V being the volume of blast in cubic¢ feet to be deliv-
ered in one minute; P, the pressure shown by the manometer in the blast-pipes,
expressed in ounces per square inch ; #, the horse power ; and %, the power required to
overcome friction, varying with the size of the blowers:

V' x P x 0.003
G ety

The power required to run one of the blowers is proportionate to the pressure of
the blast, volume delivered, and friction; blowers of different sizes require the same
power when they deliver the same volume of blast.

Baker's rotary forced-blast blower.—These blowers are manufactured by Messrs.
Wilbraham Brothers, of Philadelphia. They are compact and constructed on very
simple principles. They deliver a positive blast, the volume of which is proportionate,
for each size, to the number of revolutions. They hardly ever get out of order and
give universal satisfaction in Leadville. (The sketches corresponding to the following
description are those of a blower No. 5, taken from the maker’s catalogue.) They
consist of a cast iron case, A (Figs. 1 and 2, Plate XLII), strongly ribbed and bolted,
rectangular in plan and section, and of an arched top, B. Inside of this works & drum,
D, carrying two tapering arms, ¢ ¢/, which sweep round so close to the interior peripliery
that no air escapes. There are, besides, in the cast-iron case A4 two other drums, F

+ I
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and F, acting as valves; each is provided with a crescent-shaped abutment and recess,
which allow the wings of the fan O ¢’ to passit. The three drums are connected by
suitable gearing on the outside of the case, as is shown in Fig. 1, in such a manner
that the revolutions of the drum-valves draw air isochronously with those of the
fan-drum. By their combined operation air is drawn in at one side of the apparatus at
the ordinary pressure and compressed at the other to the pressure required, this press-
ure being in direct proportion to the velocity of the dram, as indicated in Table VTI.

The blower is placed on a brick chamber, M (Fig. 2), connected with a sheet-iron
pipe, N, through which air is drawn. This is the best arrangement, for by its means
accidents which might result from the introduction of dust are prevented, and mean-
while concussion of air is avoided, which renders the machine comparatively noiseless.
But the sheet-iron pipe N is often dispensed with, and air is simply drawn through
the grating R R/, placed in front of the blower (Fig. 1). The blower is connected af
O with the general system of blast pipes by means of galvanized sheet-iron pipes,
which must be air-tight. When the apparatus is in full blast, a slight and regular
pulsation is felt at two or three small holes placed at the rear of the case. Such is, in
all its simplicity, the Baker’s rotary blower, the most perfect apparatus of the kind
ever used in smelting.

The Root positive-blast blower.—The Root blower, manufactured by Messrs. P. H. &
I’. M. Root, of Connersville, Ind., is shown in perspective (Fig. 3, Plate XLII) and in
vertical section (I'ig. 4). These sketches are copied from the maker’s engraving of a
No. 5 blower, delivering 23} cubic feet of blast per minute revolution. Itis the Roots’
new style of blower, formed entirely of metallic parts and less delicate in the details
of its construction than the old style. This machine, like the Baker blower, is very
simple and effective, and gives a positive blast in nearly every part of the case, pro-
portionate to the number of revolations. The external parts of the Root blower con-
sist of two semicircular cast-iron cases, A and B, screwed and bolted to two cast-iron
end plates, S &, which serve also as supports to the whole machine and to the cast-
iron blast-pipe O and air chamber I ; of five cast-iron journals, J; five phosphor-
bronze journal-boxes, I ; two cut-gears, protected by the housing, H, and one driving
pulley, P.

The internal-blast contrivance consists of two cast-iron revolvers, ¢ ¢/, mounted
on steel shafts, I I’. Each revolver acts as a fan-drum and drum-valve, with recess
and abutments, forming the very simple and ingenious contrivance seen in Fig. 4. As
with the Baker blower, the blast-pipe O is connected by means of an air-tight gal-
vanized sheet-iron pipe with the general system of blast-pipes distributing the blast
to the tuyeres of the furnaces.

" Blast-pipes.— A glance at Table I'V will show that at each smelter the number of
blowers in use corresponds to the number of furnaces at work, and as a matter of
course the capacity numbers of the blowers correspond to the smelting capacity of
the furnaces. The furnaces of Leadville being always worked with several tuyeres,
the blast is always distributed by branch pipes from an induction-pipe surrounding
the furnace. A glance at any of the descriptive sketches of furnaces accompanying
this report will show this arrangement, I always representing the induction pipes
and J the branch pipes of the same. When the smelting works have only one furnace
the induction-pipe is placed in direct communication with each blower by means of a
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branch pipe, 7, which in this case acts as a main. At Smelter I, working with two
farnaces, each furnace induetion-pipe is similarly placed in direct communication with
each blower; but the general system adopted in the camp, at smelters working with
two or more furnaces, is to connect all the blowers with a main pipe, R, from which
the branch pipes 7 distribute the blast to the induction-pipes of each furnace. The
whole system of blast-pipes, including the tuyeres, but with the exception of the canvas
wind-bags, is made of galvanized sheet iron.

Blast-pipe system. —The most complete and perfect system of blast-pipes, from
which this deseription will be made, is applied at Smelter C. At Smelter I' the
arrangement is similar in every respect; at the other smelters the arrangement is very
nearly the same, and if there are slight modifications of the general system there are
no improvements on it. Two blowers, 4 and B (Fig. 1, Plate XXXI), communicate with
the main pipe, R/, by means of the pipes E, each of which is provided with dampers
or sliding-valves, F, regulating the draft, and with safety-valves, S, regulating the
pressure. The safety-valves are set to a pressure of about nine-eighths of an inch of
mercury. The draught is regulated in the main pipe, R/, by means of dampers, F, or
sliding valves worked by a lever, & 4/ (see Fig. 5, Plate XXIX). A similar damper,
F' (Fig. 1, Plate XXXI), allows the excess of blast to escape from the main pipe. The
branch pipes 77, provided with dampers F, worked like the preceding, allow the
introduetion of the proper amount of blast required by each furnace ; each pipe, 77,
communicates at Z” with a manometer. The general arrangement of the induction-
pipe I and a branch pipe, J, is clearly shown in the same figure, and a glance at Fig.
5, Plate XXIX, indicates the connection of the branch pipes J with the tuyeres N
by means of the canvas hose K. Thus by the preceding disposition an even pressure
of blast is secured in a main pipe, from which the proper amount required for each
furnace is taken at will. As far as the distribution of blast is concerned, the blast-
pipe system just described is absolutely perfect; but it lacks an important element,
which would render invaluable services in smelting, namely, the means of ascertaining
the volume of blast blown into each furnace during a certain lapse of time. This could
easily be determined by the use of a meter similar to those used for the measurement
of illuminating gas in cubic¢ feet. This meter should be placed between the damper ¥
of the branch pipes 7" and the induction-pipes of each furnace. In this way atmos-
pheric air might be considered as one of the elements of the smelting charges, and by
this means weighed or measured with as much accuracy as the fuel itself, with which
it bears the closest relation. This important point will be insisted upon in the dis-
cussion of the smelting reactions.

SMELTING OPERATIONS IN GENERAL.

Drying of the furnace.—When the furnace is new or when an old furnace has been
recently relined, it is first of all carefully dried by means of a slow charcoal or wood
fire kept steadily burning and slowly increasing in temperature for several days, every
precaution being taken to prevent the escaping moisture from loosening the masonry.

When heat is perceptible on the outside of the walls of the furnace the drying is
completed. The fire is allowed to burn out and the furnace left to cool. This done,
the erucible is immediately lined either with steep in every part or with tamping in
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some parts only, viz, the dam, siphon, and siphon-tap. Steep or brasque is a mixture of
one part fire-clay and one part coke-dust, but more generally two parts fire-clay and
one part coke-dust. Tamping is a simple lining of fire-clay. It is only used for certain
parts of crucibles entirely lined with five-bricks.

Blowing-in or starting of the furnace.— The furnace, being ready for work, is filled up
from the hearth to the throat with charcoal, which is set on fire at the hearth zone.
The tuyere-holes of the water-jackets are left open, as well as the tymp-stone and
the damper of the stack, in order to create a draft. The charcoal gradually becomes
incandescent to the very throat, and when this zone has attained a low red heat the
blowing-in begins. The tuyere-holes of the water jackets, with the exception of from
two to four of the holes nearest to the front, and in which the respective tuyeres are
inserted (the number of tuyeres set in depending on the capacity of the furnace), are
sealed with plugs of fire-clay and the wind-bags of the corresponding tuyeres are
tied up with strings. The tymp-stone is set in and the blast is then turned on at full
pressure. A long flame issues from the siphon-tap, and this is kept on steadily until
the lead-pot becomes red hot. The clay stoppers of the tuyere-holes in the water-
jackets are then removed and all the tuyeres let in. The blast at this point is regu-
lated to the normal pressure, and the furnace is ready for the filling of the crucible.

Filling of the crucible.Bars of bullion always kept in reserve for this purpose, and
in amount from four to twelve tons, according to the capacity of the crucible, are thrown
in at the feed-holes with more fuel. This is done gradually in the proportion of three
bars of bullion, or 300 pounds, to eight shovels of charcoal, or about 14 per cent.
of fuel. According to the capacity of the furnaces, from one hundred to two hundred
and fifty bushels of charcoal are consumed in the preliminary operation constituting
the blowing-in. When molten lead makes its appearance at the top of the siphon-tap
a few pieces of live charcoal are placed upon it to prevent it from cooling, and the fur-
nace is ready for charging.

Charging of the furnace.—Qld slags are first of all thrown in the furnace, as a kind of
test of the temperature of the furnace, which is not ready so long as the slags are not
perfectly fluid. The head smelter or his assistant opens from time to time the tap-hole
in the tymp-stone to ascertain their degree of fluidity, and the regular charging begins
only when they run quite freely. This point being attained the charges are disposed
inside of the furnace next to the walls, a depression being left in the center for the
charging of the fuel. This mode of charging is the one generally adopted, but there
are variations in the mode of mixing the materials forming the smelting charges. At
some smelters fuel is first thrown in, then old slags, over the ~lags the fluxes, and above
the fluxes the ore. At others fuel is mixed with old slags and fluxes are mixed with
the ore. Lastly, and this is the mode of proceeding mostly adopted, the slags, fluxes,
and ore are mixed together and the fuel is kept separate. At the most successful
smelters the mixing of fuel and old slags, on the one hand, and of the fluxes and ore,
on the other, is prevalent. Whatever mode of mixing the materials of the smelting
charges is used, the manner in which they are distributed in the furnace is the same;
that is, fuel is always thrown in the center of the furnace and the charge distributed
on the sides next to the walls, This seems scarcely a good plan, as it favors the growth
of aceretions in the lower part of the shaft of the furnace immediately above the water-
jackets, in the very place where their removal offers the greatest difficulties. It would
seem that, if in each alternate charge the process was reversed and the fuel alternately
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distributed in the center and on the sides of the furnace, the lower part ol the shaft
would reach a higher temperature and prevent the formation of these accretions, which
constitute the only real difficulty with which the smelters have to contend. The analyses
which have heen made of these products (see Section IV) show that they are formed
of sublimated substances volatilized in the zones of higher temperature and deposited
in the first cool zones which they encounter as they ascend in the form of vapor. Should
the modification in the mode of charging which has been proposed prove practical,
accretions would still be formed, but in the higher zones of the shaft, from which they
could be detached oftener and with much more facility. In any case, they would inter-
fere much less with the working of the furnace, which depends a great deal on the regu-
larity with which the charges descend the shaft, and the dreaded hanging (i. e., the fall
of the fuel to the tuyere-holes and suspension of the charge on the sides) would be in
great part avoided.

Barring-out or barring-down of the furnace.—As it is, once per shift or once in 24 hours,
as the case may Dbe, or even once in two or three days, the furnace is barred out or
down, i. e., the acecretions are forcibly detached from the walls of the shaft by means
of bars and sledges. The charges are allowed to descend to the level of the accretions,
the blast is turned off, and long chisel pointed bars a little shorter than the height of
the shaft are introduced from the feed-holes between the accretions and the walls by
means of the sledge, and the accretions thus removed are left in the charge, by which
they are fluxed down. When this operation is over the blast is turned on again, the
charging of the furnace continues, and smelting is resumed. (The chisel pointed bars
used in barring down the furnace are represented in Fig. 7, Plate XLIV.) '

Smelting of flue and chamber dusts.—Flue and chamber dusts are mixed in general with
lime, and the mixture, either molded into bricks or not, is spread over the ore-beds, so
that a little flue-dust enters into the composition of the smelting charges. This is evi-
dently the best way of disposing of this rather troublesome produect, and in the discus-
sion of chamber-dust it will be shown that the admixture of lime is the best plan that
can be devised for its treatment.

Running with dark top.—In Leadville, furnaces are always made to run with a dark
top, and this is one of the best indications that the furnace is running properly. By
this is meant that the zone of the throat is perfectly dark; that noflame issues {from it;
that the top part of the charge si.ows no signs of incandescence; and that all that is
seen is a thick, black smoke ascending the chimney.

Tapping of slag.—As soon as the furnace begins to work with regularity it becomes
necessary to draw out periodically the molten slag from the furnace. This is done on
an average every fifteen or twenty minutes. To effect this, slag-pots, mounted on wheels
and made entirely of cast iron (see Plates XXIII and XXXVII for the two styles of
slag-pots used in Leadville), are brought close to the fore-hearth of the furnace and
placed under the slag-gutter. A tap-hole is perforated at the middle of the base of
the tymp-stone by means of a pointed steel bar about an inch thick, which is forced
into the clay by gentle strokes of a light hammer. This operation is generally per-
formed by the head smelter’s assistant. The slag runs over the steep or clay with
which the fore-hearth is covered, then along the slag-gutter, and thence into the slag-
pot. As soon as the slag-pot fills, the head-smelter dexterously plugs the tap-hole with
a small Tump of soft tapping-clay stuck to the end of the peculiar iron rod shown in
IMig. 6, Plate XLIV, and calle:l the tapping-rod. During this operation showers of

-
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red-hot slag-sparks fly in every direction around the tap-hole. The tapping-pots or
slag-pots are then wheeled away by the slag-wheelers to the slag-heap. The slag is
either allowed to cool completely in the pot and the cake of slag thus formed is
extracted bodily and broken up into fragments, or else the pot filled with molten slag
is tipped over the edge of the slag-heap, where the slag runs down like lava.

Taking specimens of slag for assay.__Two or three times a day a specimen of slag is
taken direct from the stream flowing from the furnace by meauns of a very small iron
ladle provided with a long handle. The specimens thus obtained are forwarded to the
assay office, where their specific gravity and their contents in lead and silver are deter-
mined. After every tapping some slag sticks to the fore-hearth and slag-gutter, from
which it is easily detached by sprinkling a little cold water over it and knocking it off
with an iron bar.

Matte and speiss.—In Leadville the little speiss and iron-and-lead matte formed dur-
ing smelting are run into the slag-pots. At some works speiss, matte, and slag are
thrown pell-mell over the slag-heap; at others the cakes of speiss or matte which have
settled at the bottom of the slag-pot are knocked off the slag with the hammer. Speiss
is kept in a separate heap, but no treatment has been found for it. The matte, sepa-
rated from speiss and slag, is roasted in heaps and resmelted afterwards with the ore.
Iu the study on mattes it will be seen that this roasting in heap appears to be a very
bad operation. ;

Ladling-out of melted bullion.—I'rom time to time ballion is ladled out of the lead-pot
or siphon-tap by means of wrought-iron ladles, and poured into cast-iron molds placed
in a row alongside the furnace on the lead-pot side. The molds bear in relief-letters
the name of the smelting firm, so that each bar of bullion is branded with it. When
cold the bars are taken out on the slag-heap, or under a shed near the engine-rooms,
and then weighed, marked, and two small pieces —one from top and one from bottom —
are detached by means of hammer and chisel and carefully kept for assay. When a
car-load has been thus weighed the assay bits, all mixed up together in a tin can or
copper pan, are forwarded to the assay office.

Watching the furnace.—Iivery part of the furnace requires constant watching in
orderto apply at a moment’s notice the proper remedy for any accident that may happen.
The siphon-tap requires some attention and its siphon must be kept constantly clear ;
this is effected by the introduction, from time to time, of a carved iron bar about two
inches thick, previously heated to redness at the curved end. This bar is represented
in Fig. 8, Plate XLIV. The water-jackets form perhaps the least troublesome part of
the furnace, and yet it is necessary to insure the running of the water into themn at
such a rate that the temperature of the water issuing from them should be as nearly
as possible 50° to 60° C.

The pressure at the induction-pipe manometer must be constantly watched and
the pressure kept steady or modified according to momentary requirements.

The tuyeres must be kept perfectly clear from any chilled slag by the introduction
of iron bars into the sliding valve, and the temperature and condition of the zone of
fusion observed through the tuyeres. When black rings round the tuyeres indicate
a beginning of chilling, a little more fuel is added, or the charge is somewhat diminished,
the fuel remaining the same. If the temperature proves too high, fuel is diminished or
the charge is slightly increased. If semi-fluid slags or raw ore form hearth aceretions
which do not disappear by an increase of the temperature, the blast mmust be shut off,
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the tymp-stone removed, and the hearth cleared from accretions by means of bars and
sledges; a little fuel is then thrown in the hearth, the tymp-stone replaced, the blast
turned on, and smelting resumed.

Blowing out of the furnace.—Wlhen a furnace needs repairing or when an accident
interfering with a regular working of the furnace has occurred, the feeding is entirely
suspended, but the blast is kept on until the contents of the furnace are entirely molten.
The charge soon burns with a bright top and the furnace emits torrents of heavy white
fumes. When the whole charge has reached the level of the tuyeres the furnace is
emptied of its fluid contents, first at the tap-hole, then the breast is removed and the
bullion taken out of the crucible.

Length of runs.—The length of runs or smelting campaigns is seldom less than
three months, but often reaches six, eight, and even twelve and thirteen months. The
lack of ore is one of the principal causes that shorten the smelting campaigns.

COST AND PROFITS OF SMELTING.

The discussion of profit and loss in smelting will be made for a smelter which
stands in intermediate conditions between the smelters which produce most and those
which produce least. This smelter works with two furnaces of a capacity of 35 to 40
tons each of ore per twenty-four hours. The discussion is based on data obtained at this
smelter for the month of July, 1880, and which are to be found with the composition of
smelting charges, the other data being all derived from Table IV. The cost of smelting
per ton of ore, as estimated at each smelter, has been given also in the same table.
The calculations are made on cost and profit per twenty-four hours and per ton of ore.

EXPENSES PER TWENTY-FOUR HOURS.
Power.

Cost of mechanical power per 24 hours, represented by 3% cords of pine wood burned under

the boilers and driving engines, blowers, pnmps, &e., at $4.75 per cord................ 815 44
Labor.
Cost of manual labor per 24 hours: .

R AOTErIen S Ol G AT BB ST e o STl hvus s e WS e e e iR S h e e $10 00

ST T e o R SR e AR A S P SOt NN e 32 00

D D T A e P e 0% T LS o et Do S 78 00

A5 Taborers;, it b0 oo BTl U et B s b e e A 162 50
_ 23250
Agpregate salary of staff Jer 24 HOUIS. ..o c.cccvcovssswsmsrs srvsanensssomesas 46 50

Ore.

Forty-eight tons ore smelted in 24 hours, contents 34 per cent. of lead, 41.5 ounces
of silver to the ton, equivalent to 1,992 ounces, at $1.15 per ounce (New York

quotations June R A8B0) .. Sous soie se e st st cae o e camem e 2,290 80
32,640 pounds of Jead, equal to 1,632 units, at 15 cents per unit of 20 pounds........ 244 80
2,585 60
Deducting 5 per cent. off price of SilVer sccuescceiviinrcaiaciciaiacaanns 8114 54
Deducting cost of treatment at §20 per ton...... AN e e e R 960 00
1,074 54

L R T 1
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Flux.

Price paid for fluxes used in 24 hours:
17 tonsof=doloniite, At §3:50 poi ton e cust Dl ot st e S iy §59 50

2Litons ok hematite ati$9.50 . fr' conid i lriinin it i ety s e b AT 20 12
8§85 62
Fuel.
Price paid for fuel used in 24 hours:
9% tons of charcoal; at $18.57 Por T0NM < cene cocmee cumoos conn cnss s o desons § b B f
7'tons of coke,; AT $37.50 Per toN. . «oect it i e i anaed o TS iers saiae 262 50
B — 434 27
(FEHETEIRETNONHOB . (oui 2l hm i e et Sy S e e e 2,325 39
Wear and tear and repairs of implements, say 5 per cent. of general expenses.. ............ 116 27
WORATISRVONEOG: oot s S 2 e el L0 5 s e R i bt L e il e, £ 2,441 66
PROFITS PER TWENTY-FOUR HOURS,
Bullion obtained in 24 hours: 14 tons, assaying 136 ounces of silver to the ton,
equivalent to 28,000 pounds, containing 1,904 ounces of silver, or 130.56
pounds (avoirdupois) of silver (New York quo:ations July 31, 1830):
27,869.44 pounds of lead, at 44 cents per pound .. ... ...cce.eionean.... 1,254 12
1,904 ounces of silver, at $1.14} perounce..............occeeiiomun.onn. 2,170 32
3,420 44
Deducting refiner’s charges, at $14.50 per ton of bullion .........coeoeoiuan. ... 203 00
Deducting total EXPORNBER .o vv. s oo maiss sxes ks doetsunnans dueis pubans o o s Hae omas 2,441 66
— 2,044 66
£ T e SR 80T 0 ¥y ey S IR R R S S SRR - Tt 784 73
g 1053 TS S SR i) el e M SIS g T o TR T SRS S S S S 50 86
Cortof SIeHINREPOTTON-OF 018 . iov caavtais o st sl v s et bl ae son s Teedvsine < 20 41
Profite R tOR OEAOTE ILCt ohcy s Jbodols wasis s o ST wal o Sl s R e S5 wle ke S Sl e e 16 35

From the profits must be deducted a certain amount for the sinking fund of
capital invested in plant and a certain amount for the interest on the working capital.

PLANT AND OPERATIONS OF INDIVIDUAL SMELTERS.
SMELTER A.

Disposition of works (see Plate XXV). —These works are erected on the northern
bank of California guleh. Being one of the first smelters started in Leadville, its
plant is somewhat antiquated, but, such as it is, it has rendered good service. The
two furnaces A A’ arve the largest circular furnaces in the camp and are very clumsy.
Their clumsiness is made more evident still when one hears that in spite of their large
dimensions their smelting capacity is only equal to that of the smaller furnaces at
present in use at the other smelters and when it is found, as has been pointed out in
the composition of smelting charges, that they consume twice as much fuel as the
smaller ones. On the furnace level there is a battery of three stamps.  The weight of
each stamp and stem is 400 pounds. These stamps are used chiefly for erushing the coke
with which the steep of the furnaces is made.. The furnace level communicates with the
feeding-floor by means of a flight of steps, and also by means of an elevator, chiefly
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used to carry up barrowfuls of old slag used as flux in smelting. The boiler, engine,
and blast room is next to the furnace-room, on the right facing the furnaces. The
boilers are worked at a pressure of 60 pounds per square inch. The engine is of 40
horse-power and the blast apparatus consists of two No. 5 Baker blowers.

The offices, assay offices, and laboratory ocecupy detached buildings on a level
with the foot of the slag-heap. On the feeding-floor is a large wooden trough in
which the roasted flue-dust (at this smelter flue-dust is roasted before resmelting) is
mixed with about 20 per cent. of milk of lime. The mixture is then spread over the ore-
beds placed on this floor. The erushing machinery, placed also on this floor, cousists
of two large No. 5 Blake crushers (opening between the jaws, 15 by 9 inches).

Immediately outside of the main building, on the feeding-floor level, are the flues
connecting the stack of the furnaces with the dust-chamber; this arrangement is the
only one of its kind in Leadville. The upper part of the stacks FE, E’, (Plate XXV)
of the tfurnaces A, A/, are connected by means of the sheet-iron flues H, H’, with a
main sheet-iron flue, F”, which enters the brick-dust chambers D’. Tach of the flues
H H' is provided with one, and flue F¥ with three, sliding doors, placed on the upper
part of the flues and parallel with them (these doors are not visible in the sketeh),
and used for clearing the dust which accumulates periodically in the flues. The flue
F’ rests about half way on a small flue-dust chamber, N, made of bricks and provided
with a sliding door, d, for the extraction of the flue-dust. Immediately at the rear of the
dust-chamber I are long rows of ore-bins, and immediately behind them is a large
roasting-furnace. The level immediately above and at rear of the roasting-furnace is
the fuel level, which ¢communicates with the blast-furnaces by means of an elevated
platform, R/, provided with a track of rails. The fuel, charged in light sheet-iron
mining barrows, is thrown down next to the feed-holes along the chutes, 8. This
arrangement is capital and saves much labor; two fuel men are sufficient to supply
all the fuel needed in smelting, but its great inconvenienee is that of filling the whole
feeding-floor with an ever-floating clond of impalpable charcoal dust, very disagreable
to breathe and which must prove after a while most injurious to the lungs of those
who live constantly in such an atmosphere. ‘When in fall blast these works employ
66 workmen per twenty-four hours.

Furnaces.—The two blast-furnaces at Smelter A are circular and identical in
shape, dimensions, and capacity. Both furnaces are seen in perspective, Plate XXV,
and one of them is drawn to scale in Plate XXIII. They are constructed on exactly
the same general principles as all the other furnaces in the camp, but in detail diffex
a good deal.

: The crucible A is very little larger than the water-jackets; it is framed in strong
cast-iron plates, a, forming segments of a circle, six in number and firmly bolted to-
gether at the joints. The frame of the fore-hearth X is also made of cast-iron plates,
and the projection X’/ of the fore-hearth, which exists only in this furnace, is simi-
larly framed. The crucible, siphou-tap, fore-hearth, and fore-hearth projection are
entirely lined with steep, made of one part fire-clay and one part finely pulverized
coke. The projection of the fore-hearth is provided with two slag-spouts, U. The
frame of the lead-pot is made of strong sheet-iron, «/, bolted to the cast-iron-plates of
the crucible. The system of water-jackets consists of six jackets of equal dimensions;
four of these are made of strongly riveted, wronght-iron boiler-plates and two are made
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of cast iron. This principle is a bad one, owing to the unequal expansion and con-
traction of the two metals, and should be avoided; whenever this plan is adopted the
water-jacket system frequently gets out of order. Each jacket is provided with a
feeder, R, in which exists an outlet for the hot water, and a hole, n, for the introduetion
of the nozzle of a tuyere. TFig. 2 shows the disposition of the six tuyeres and of the
jackets; the space between the water-jackets and the masonry above is filled as nsual
by fire-bricks, b, The pillars P have their capitals flange-shaped at 0. This flange
rests on the pillars by means of brackets . The main cast-iron plate-support O is also
flanged at o (Fig. 4), and these flanges are connected with the circular and vertical
flange O’ of the plate by means of the brackets ». The wasonry and stack areen-
tirely sarrounded by a wrought-iron casing or jacket, J’, surrounded at the base by
the flange 0'.

There is only one feed-hole, H, at the throat, but this feed-hole is twice as high as
it is in most furnaces, and is divided into two sections by two hinged wrought-iron
doors, 8’ 8. The upper door is only opened to bar out the furnace. The damper @ of
the stack is not s‘ngle, as in all the other furnaces, but is made of two halves, G G'.
The walls ¢’ of this furnace are much thicker than the walls of most circular blast-
furnaces.

The induection-pipe I is made, as usual, of galvanized sheet-iron. It has a pecu-
liar shape; it forms a ring around the furnace, and this ring is square in vertical section,
but the branch pipes .J are eylindrical, as is always the case. Each furnace smelts from
17 to 20 tons in twenty-four hours; produces from 4 to 5 tons of bullion and from 13 to 25
tons of slag.! The length of run of these furnaces is about six months; they are barred
out.every twelve hours, at the beginning of each shift. The chief defect is that the
diameter of the water-jackets at the tuyeres is rather too large. Contrary to the plan
adopted at all the other smelters, periodical tapping of slag is not done here. The
slag is allowed to flow in a constant stream, and the gutter in the steep of the fore-
hearth and its projection are covered with live charcoal to prevent the chilling of the
slag. The slag-pots used at these works are indicated by B B’; they are independent
of the car 1), by means of which they are wheeled to the slag-heap.

The quantity of speiss resulting from the smelting of 10,241 tons of ore during
the year ending June, 1880, was about 20 tons, assaying 49 ounces of silver to the ton
and containing 980 ounces of silver; consequently the quantity of speiss formed
amounts to about 0.2 of 1 per cent. of the ore.

Condensing chamber. —[n Plate XXV the general disposition of the dust-chamber
and its connection with the furnaces are seen in perspective. In Fig. 3, Plate XXIV,
the same chamber is seen in horizontal section, divided into three parts by means of
partition walls, W7, the arrows indicating the circulation of the fumes. Fig. 2, Plate
X XTIV, is a vertical section of the same chamber. Both sections are drawn to scale, and
a glance at them is all that is necessary to understand its construction and its working.
About 150 tons of dust were collected in this ehamber in the space of six months.

Roasting-furnace. — This furnace is represented in elevation (IVig. 1, Plate XXIV),
chiefly with a view of giving its dimensions, for it presents no peculiarity in construe-
tion. Its width (not indicated in the sketch) is 12 feet. The sketch shows the system
‘of bracing by rails, the hinged cast-iron doors d, and the dotted lines indicate the in-

! The municipality of Leadville nses most of this slag to macadamize the roads.
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ternal disposition of the furnace. This roasting-furnace is used at Smelter A for roast-
ing the chamber-dust previous to resmelting. In the study of metallurgical products
it will be seen that it is an expensive and useless operation, and thatit were better, on
the contrary, to use it for the roasting of mattes and speiss. The former, being roasted
in heaps, lose a great deal of their silver, and the latter is not treated in Leadville.
The only point of interest in the roasting-furnace of Smelter A is the flue O, in which
a good deal of the produects volatilized during the roasting is condensed; so that this
furnace is admirably adapted for the treatment of matte, accretions, and speiss, all
products containing a good deal of silver. N represents the stack of the furnace; G,
the damper of the stack. The ash-pit of the furnace is not visible, but is placed at k.

SMELTER B.

Disposition of works.—These works, the largest and most important in or near
Leadville, are situated in Leadville proper, on the northern bank of California gulch
and facing the gulch. With their 118 men at work in a somewhat limited space they
present an unusual amount of bustle and activity and smelt about one hundred tons
of ore in 12 hours.

The old slag-heap, placed immediately in front of the furnaces, is being entirely
dug up, in order to be resmelted. These slags were made formerly of singulo-silicates,
but now the slags contain a little more silica, and are called acid slags. The old slag-
heap is placed in direct communication with the feeding-floor by means ot an inclined
tramway supported by timber trestle-work, on which a mine-wagon is run by a wire
rope which winds over a drum placed on the feeding-floor. The new slags made at these
works are allowed to solidify in the pots; they are detached while hot, lifted by means
of a small crane, placed on a small iron truck running on a tramway resting partly on
the ground in front of the works, partly on a timber bridge projecting over the gulch,
and being taken to the end of the bridge are dumped into the gulch. The main smelt-
ing building at smelter B is 212 feet by 94 feet. The ore-bins are placed on the feed-
ing-floor within this building, where are also placed the ore-beds, crushers, Cornish rolls,
ete. The coke-room, at the back of the main building, is 200 feet by 20 feet and the
cbarcoal bins are 150 by 18 feet. Large heaps of dolomite, hematite, and large dumps
of low-grade ore fill up the open space at the rear of the works. Large Fairbanks
scales, of a capacity of 20 tons, occupy a detached office at the entrance of the works.
The offices, assay offices, and laboratory occupy a detached building. In the well-fitted
laboratory, besides the current assays made, the specific gravity of slags is determined
from day to day. The slags are considered fit to be thrown away when their specific
gravity is 3.6.

Nine Baker blowers, standing in a row under the feeding-floor and at the back
of the furnaces, supply the blast. These, as well as three Blake crushers, three sets of
Cornish rolls, one small pulverizer, the slag-hoisting machine, and the pumps supply-
ing the tanks from which the water-jackets are fed, are worked by two engines, la
by 24 inches, of 60 horse-power each. Each engine is connected with two boilers,
44 inches by 14 feet, worked at a pressure of 70 pounds to the square inch. Both en-
gines and boilers were manufactured by Messrs. Fraser & Chalmers. The engine and
boiler rooms stand on the left of the works (facing the furnaces), next to the furnaces
and on a level with them.
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