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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.
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he will be led by this very fact to make a more thorough and searching
examination than if he were only required to define the 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



376 GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

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



398 GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

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,
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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-



CARBONATE WORKINGS. 417

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.




436 GEOLOGY AND MINING INDUSTRY OF LEADVILLE.

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



HENRIETT AND WATERLOO MINES. 441

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,



NILES-AUGUSTA AND WILD CAT MINES. 443

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, howeve