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GEOLOGY AND ORE DEPOSITS OF THE WEST SLOPE OF THE MOSQUITO RANGE

By CHARLES H. BEHRE, JR.

ABSTRACT

This report deals with that part of the western slope of 
the Mosquito Range surrounding the city of Leadville in Lake 
County, Colo. The area is bounded by latitude 39°11' and 39°17' 
north, and longitude 106°10'30" and 106°1S'30" west. The 
eastern edge, adjoining the Alma mining district, is formed by 
the crest of the Mosquito Range. Beyond the western boundary 
is the Arkansas River, with its bordering terraces.

Professional Paper 148 (Emmons, Irving, and Loughlin, 1927) 
gave a detailed description of the central part of the Leadville 
district. The present report adds some information concerning 
the central part of the district, but deals chiefly with the parts 
surrounding the area to which the earlier professional paper 
was devoted. The broad general picture of the geologic history 
and ore deposition presented in Professional Paper 148 is not 
materially changed. The rocks are better exposed in the 
marginal region than in the central part, being above timber 
and near the crest of the range. Moreover, there is far less 
metamorphism in the marginal part of the district. For these 
reasons details of stratigraphy and structure that could not be 
deciphered in the central Leadville district can be clarified in 
the present report.

In general, the topography is rugged, with a relief of almost 
4,000 feet and a maximum altitude of 14,037 feet on the crest of 
Mount Sherman. Amphitheaterlike valley heads, wide but steep- 
walled valleys, and relatively level and smooth uplands between 
the depressions are typical. Timber line is at about 11,850 feet; 
below it the vegetation is rich in conifers, above it grasses and 
alpine flowers are the only plants, and bare rock is common.

The region bears the surficial features commonly resulting 
from stream and ice work at alpine altitudes. Talus piles, 
landslide forms, and rock streams are common. Erosional and 
depositional effects of Pleistocene glaciation are striking, and 
include cirques, hanging valleys, and U-shaped gorges; high 
lateral moraines are striking, especially in Evans Gulch, and 
two separate but generally inconspicuous terminal moraines can 
be recognized in most valleys. Several sets of terraces charac­ 
terize the lower reaches of the larger valleys; the lowest of 
these terraces are continuous with the terminal moraines. The 
higher sets of terraces can be correlated with the higher sets 
that are so prominent in the valley of the Arkansas River, west 
of Leadville. They are effects of earlier glaciation and possibly 
also of a complex alluvial history that antedated the actual 
coming of the ice. Poorly consolidated, fine-grained, clastic 
sediments of late Pliocene or early Pleistocene age are largely 
hidden from view by Pleistocene drift; they are the "lake beds' 
of undetermined age and origin.

STRATIGRAPHY OF THE BEDROCK

PRE-CAMBRIAN AND PALEOZOIC BOCKS

The most conspicuous pre-Cambrian rocks in the area are 
several varieties of schist, mainly micaceous ; light-gray trachytic 
Silver Plume (?) granite; and darker, pinkish Pikes Peak(?) 
granite. The granites are believed to have been intruded during 
the Algoman revolution ; the deposits now represented by schists 
are believed to have been laid down mainly during Early

and Middle Huronian time. The major pre-Cambrian folds 
trend northwestward and have steep dips, predominantly 
northeastward.

The Upper Cambrian Sawatch quartzite, which is about 60 feet 
in thickness, unconformably overlies the pre-Cambrian roc^s. It 
is overlain by 45 feet of shaly beds of the Peerless formation, 
which also is of Late Cambrian age. Unconformably overlying 
the Peerless formation is the Ordovician Manitou dolomite; above 
this is the Devonian Chaffee formation. The Chaffee consists of 
two members—the Parting quartzite member below and the Dyer 
dolomite member above. The Parting is a 27-foot unit of shale 
and quartzite; the Dyer dolomite, about 80 feet of buff to gray 
dolomitic limestone equivalent to the lower part of the Blue 
limestone of earlier reports. The Chaffee is unconformably 
overlain by the Mississippian Leadville dolomite, with th<? base, 
generally indicated by sandy beds and a limestone conglomerate. 
The Leadville, equivalent to the upper part of the Blue limestone 
of earlier reports, averages 140 feet in thickness. The Web?r (?) 
formation of Pottsville (Pennsylvanian) age is the yonngest 
Paleozoic sedimentary formation preserved in the Leadville dis­ 
trict. The Weber (?) consists of shales and grits with a few 
beds of quartzite and limestone. The thickness of the formation 
averages 1,750 feet but has a considerable range as it rests un­ 
conformably on the Leadville dolomite and has undergone vari­ 
ous amounts of erosion after deposition.

MESOZOICO) AND CENOZOIC IGNEOUS ROCKS

Late Cretaceous (?) Tertary and Pleistocene (?) igneous 
rocks invaded the pre-Cambrian and Paleozoic rocks, forming 
sills, dikes, and plugs. One of the most widespread, the Early 
White porphyry, is a granodiorite of stony to finely grrnular 
texture. It forms several thick, conspicuous sills. In th° field 
it is almost indistinguishable from the much younger, later white 
porphyry. The later white porphyry is a rhyolite porphyry of 
stony groundniass enclosing scattered phenocrysts of white 
oligoclase, transparent quartz, and biotite; in general it closely 
resembles the early White porphyry megascopically but is 
much younger and, with a single exception, occurs only in 
dikes.

The Gray porphyry group of Professional Paper 148 has 
hitherto been separated into three types. Five kinds are dis­ 
tinguished as a result of the present studies. Chief mega­ 
scopic differences are the granularity of the groundmass, the 
nature of the phenocrysts, and the general color of the rock. 
All five kinds are essentially quartz monzonites, but it i^ pos­ 
sible, with slight reservations, to determine the order of their 
intrusion. The youngest of the group is the Johnson Gulch 
porphyry, which, in contrast to the other porphyries of- the 
group, commonly occurs in dikes and probably forms the Breece 
Hill plug and a smaller plug in Iowa Gulch. The othe" por­ 
phyries of the group have been observed only in sills. The 
occurrence of the Johnson Gulch porphyry in dikes along faults 
that offset the sills of the Gray porphyry group, its presence 
in fissures striking like those that contain ore, and its lateness 
in the sequence of the Gray porphyry group seem to point to the
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Johnson Gulch porphyry as the igneous rock most closely asso­ 
ciated in time with ore deposition.

Still younger than the Gray porphyry group are the later 
white porphyry previously described, the Little Union quartz 
latite making up two plugs near the head of Little Union 
Gulch, and rhyolite and rhyolite agglomerate that form plugs 
in the central Leadville district and dikes elsewhere. The 
later white porphyry is probably of early Tertiary, the quartz 
latite and rhyotic rocks of late Tertiary or even early 
Pleistocene age.

GEOLOGIC STRUCTURE

As already recognized in Professional Paper 148, the outstand­ 
ing structural features of the district are faults. They are 
superimposed on a regional monocline striking generally north 
or northwest and dipping eastward. In addition to this mono­ 
cline, there are smaller, local variations in dips, but these are 
not conspicuous and may well have been caused by drag on 
fault planes.

With many exceptions, faults trend approximately parallel 
to the strike of the beds with an upthrow of the east side in a 
series of steps ; as the dips of the fault planes vary in direction, 
some of the faults are normal, and others are reverse faults. 
The oldest constitute a set of normal faults largely concealed 
by later intrusions; they are followed by reverse faults and 
related normal faults, which are partly mineralized; and these 
in turn are followed by postmineral normal faults.

Many faults not hitherto recognized are shown on the geo­ 
logic map and structure sections. The details of the faulting 
and the ages of individual faults, such as the Mosquito and 
Weston faults, have received special study because of their 
possible importance in mining. A large thrust (the South Dyer 
fault) has been mapped in the marginal part of the district. 
Several smaller faults on the flanks of Mount Sherman are 
flat thrusts lying almost parallel with the bedding planes. The 
Weston fault is interpreted as crossing and offset by the Union 
fault on Upper Long and Derry Hill. The Mosquito fault is 
believed to be premineral rather than postmineral in age as 
hitherto regarded. The Bowden fault, found in the lower 
levels of the Ibex mine, is a reverse fault that passes upward 
into a bedding plane. This behavior and the tendency for 
faulting to be repeated and opposite in direction on the same 
plane are characteristic of the district, as are the many largely 
horizontal movements on bedding planes.

Many of the faults trend north-northwest to north, whereas 
the belt of Tertiary intrusives and the accompanying mineral 
belt of central Colorado trend north-northeast. This contrast 
may be attributed to intersection of fissures that trend north­ 
east with others that trend northwest, or to local cross-folding 
diagonal to the major axis of folding.

GEOLOGIC HISTORY

The earliest geologic events of the region in pre-Cambrian 
time, though poorly recorded, consisted of varied sedimentation, 
followed by folding and igneous injection, wihich formed schists 
and paragneisses or metagneisses. This series of events was 
succeeded by intrusions of Pikes Peak(?) granite during the 
early part of the Algoman revolution and of Silver Plume (?) 
granite during the latter part of the Algoman. Then came 
gentle folding, uplift, and erosion, ultimately yielding essential 
peneplanation, which antedated Cambrian sedimentation.

During Late Cambrian time the sands (now the Sawatcli 
quartzite) and the overlying shale (Peerless formation) were 
deposited in shallow marine waters, followed by the early Ordo- 
vician Manitou dolomite, and later Ordovician rocks no longer 
preserved at Leadville. Next came gentle uplift and erosion, 
probably through the Silurian. Resubmergence during the Mid­ 
dle and Late Devonian resulted in the deposition of clay mud,

sand, and magnesian and limy muds that form the Parting 
shale and quartzite, and the Dyer dolomite. Erosion again 
ensued during late Devonian and early Miss'ssippian time, 
and was followed by deposition of calcareous shallow-water 
sediments now constituting the Leadville dolomite. After 
Leadville deposition there was another uplift rnd subsequent 
erosion, resulting in local surficial irregularities?, such as sink­ 
holes. When sedimentation was resumed, it consisted mostly 
of deltaic deposits, yielding the thick, coarse clastic and inter- 
bedded fine sediments of the Pennsylvanian and Permian.

Thereafter ensued a more widespread uplift and a with­ 
drawal of the sea, followed in turn by extensive continental and 
marine sedimentation during the Mesozoic; in the Leadville 
district, however, all records of Mesozoic events are absent. 
Near the close of Cretaceous time came the beginning of the 
Laramide orogeny and its accompanying igneous intrusions. 
This orogeny comprised a complex series of events, separable 
into two epochs, each marked by faulting followed by intrusion. 
The second intrusion period was accompanied by mineralization.

The record after mineralization is not clear. Insofar as the 
ore deposits are concerned, oxidation and enrichment predomi­ 
nated. Erosion seenis to have formed a widespread level sur­ 
face now preserved at an altitude of approximately 12,000 feet. 
Regional uplift followed and was characterized by faulting, 
chiefly as a result of differential vertical movements, which 
displaced many of the ore deposits. It was alr^o accompanied 
or followed immediately by the intrusion of c^ikes and small 
plugs of later white porphyry, quartz latite anc1 rhyolite. The 
region was broken into a number of elongate fault blocks, for 
the most part stepped upward to the east; a few were depressed, 
forming graben. The resulting changes impeded drainage and 
caused the formation of lakes, in one or more of which silts 
and gravels were deposited, as represented in tire Leadville dis­ 
trict and vicinity by the late Pliocene or early Pleistocene "lake 
beds" of Eminons and by local high-terrace gravels. Whether 
glaciation immediately followed uplift is not krown.

Still later, two stages of typical alpine Pleistocene glaciation 
produced moraine topography in the lower valleys and U- 
shaped sections and cirques higher up.

ORE DEPOSITS

MINERALOGY

The mineralogy of the ores in the central Leadville district 
has been fully described in Professional Paper 148.

In the marginal parts of the district the mineral composition 
of the primary ore is simple. The ore minerals are argentite, 
chalcopyrite, galena, gold, pyrite, silver, and sphalerite—but 
the precious-metal ores are neither common ror conspicuous. 
The primary (hypogene) gangue minerals, rnkerite, barite, 
calcite, dolomite, fluorite, jasperoid, quartz, and siderite are 
generally abundant but fluorite, though widespread, is nowhere 
plentiful. The mineral distribution shows two distinct facies: 
a very low temperature zone ("telethermal" zone of Graton), 
and a low temperature zone ("epithermal" zor<* of Lindgren). 
Locally in Iowa Gulch there are masses of o^e consisting of 
enargite, tetrahedrite, hematite, manganosiderite, and other 
minerals indicating the higher ("mesothermal") temperatures 
and pressures typical of the central Leadville district. These 
ore masses may be attributed to small cupolas, which were 
sources of increased heat and resulted in a more intense 
mineralization.

The normal order of paragenesis for the sulfies is chalcopy­ 
rite, pyrite, sphalerite, and galena. In places the last two are 
In reverse order. Where barite is abundant in the marginal 
parts of the district, it is earlier than the sulficfes. Quartz was 
deposited almost continuously throughout the period of mineral­ 
ization, but markedly crystalline quartz is characteristic of the
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earlier stages of mineralization, whereas jasperoid is typical of 
later stages. Calcite is commonly found in two generations— 
early, essentially rhombohedral crystals and late, scalenohedral 
(dogtooth) spar. Sphalerite of the central area is generally 
more coarsely crystalline, more ferruginous, and darker than 
the olive-green to light-gray mineral of the borders of the district. 
Other common and significant hypogene minerals present are 
arsenopyrite, native silver and gold, argentite, and tetraheclrite. 

Manganosiderite, sericite, and siclerite are conspicuous gangue 
minerals, the sericite occurring chiefly as an alteration product 
of the country rock, and the carbonates as replacements in cal­ 
careous sedimentary rocks and as fissure fillings. Albite is con­ 
spicuous locally as an alteration product in igneous rocks. The 
oxidized products of these ores consist largely of calamine, 
cerargyrite, cerussite, malachite, smithsonite, zinciferous clay, 
and various oxides of iron and manganese. Secondary (super- 
gene) sulfide zone minerals are quantitatively insignificant. 
Only chalcocite is fairly widespread, but in too small a quantity 
to be of economic value.

FORMS OF THE ORE BODIES

The shapes of the ore deposits in the central Leadville district 
have been well described in earlier publications. The shapes 
characteristic of the marginal parts of the Leadville district are 
tabular deposits of the "blanket" type, largely formed by replace­ 
ment, and fissure fillings. The blanket bodies are most con­ 
spicuous where the country rock is limestone or dolomite; in­ 
deed, they occur most commonly near the top of the Leadville 
dolomite, where they are capped by porphyry sills or shaly beds. 
Fissure fillings are found in all kinds of rock. Both blankets 
and fissure fillings are generally smaller than their counterparts 
in the central Leadville district. Although transitional forms 
are not common, they reveal the genetic relationships of the 
two types; in them fissures were filled with vein matter and the 
ore also replaced certain beds of the country rock^ selectively 
along the feeding fissures. The channels of ingress range from 
steeply dipping to gently inclined fissures and to complex courses 
made up in part of openings along bedding planes. Many of the 
ore bodies are mushroom-shaped, with the lower boundary 
grading into partly replaced rock, but, despite the extension of 
the feeding fissure above the zone of replacement, the upper 
boundary is sharp against a relatively impermeable stratum.

In detail, some of the ore has comb structure, but this 
structure is not conspicuous. Crustification is well developed 
locally, but crustified veins make up only a negligible part of 
the ore. Much of the richer ore, whether primary or oxidized, 
is massive, the grain ranging from coarse to very fine. Bladed 
barite is a conspicuous ingredient of the ores of the marginal 
area ; the various minerals in such baritic ore are not intimately 
intergrown. Breccia ore is conspicuous in some fissures—for 
example, in the Hellena mine.

ORIGIN OF THE ORE

As in Professional Paper 148 the ore deposits are ascribed 
to hot solutions rising from small but deep centers from which 
porphyry typical of the Gray porphyry group was intruded, and 
recent studies have revealed the genetic importance of the 
Johnson Gulch porphyry. The source reservoirs of igneous 
rock are believed to have been cupolas, with plug-like offshoots 
such as that of Breece Hill. The emanations from these 
central sources filled some fissures and effected much replace­ 
ment in the surounding area, which, despite its complexity, 
shows distinct zoning. The marginal part of the district lay 
chiefly in the outer (epithermal and telethermal) zones. Not 
uncommonly minerals representing two zones appear in the 
same ore shoot because of "telescoping." The temperatures

of the solutions cannot be inferred dependably, but for the 
marginal part of the district they were probably well under 
350° O. Initially, the primary solutions are inferred to have 
been strongly acid, but as a given volume entered a fissure 
traversing a great thickness of calcareous rock it was doubtless 
rapidly neutralized, a process to which is ascribed the deposition 
of the ores. Lest these statements be misunderstood, it may 
be added that in the preliminary stages, before ore deposition, 
the solutions were apparently first sodic (yielding albite), then 
potassic (producing sericite), and it was only in their later, 
sulficle-rich stage that the solutions became markedly acid. 
Deposition of sulfates, especially barite, during a late stage of 
hypogene mineralization appears to have been due to oxHation 
of the rising sulfide solutions.

FACTORS IN THE LOCALIZATION OF THE ORE

Apparently, folds have played only a negative part in 
localizing the ore at Leadville. Strong upfolding brougl t pre- 
Oambrian rocks to the surface and, as these rocks were resistant 
to replacement, the central parts of major anticlines have 
yielded little ore.

In contrast, faulting is of great importance. In general, ores 
occur in quantity in minor fissures near the major faults rather 
than in the well-defined faults themselves. There are certain 
important exceptions, however, such as the Hellena and Mosquito 
fault fissures. Several faults show both premineral and post- 
mineral movements, as though the ore had entered brt had 
not yet completely healed an earlier fissure when the brittle 
ore was itself fractured or the edge of the filling pulled away 
from the wall when stress was resumed. The type of fg ulting 
most favorable to mineralization is that which produced much 
close shattering, as in parts of the Continental Chief mire and 
on Printer Boy Hill east of the Mike-Pilot fault complex. 
Deposition is also favored (1) where the ore-bearing fractures 
pass from one rock type to another; (2) where the rock strata 
are thick and competent enough to permit the formation and 
maintenance of continuous fractures; (3) where bedding-plane 
partings are especially well developed; (4) where the bedding 
is so poor that fractures can pass through bedding planes 
without interruption or deflection; (5) where mineralized 
fissures intersect, whether the intersections lie in horizontal, 
vertical, or inclined planes. Obviously the third and. fourth 
conditions mentioned are mutually exclusive; other factors will 
determine which condition is favorable at a given place. 
Locally gouge ''strained out" certain minerals, such as native 
gold.

Most of the strikes of mineralized fissures range from due 
north to N. 30° E. No general statement can be made as to 
prevailing dips.

Mineralization appears to have been favored also by certain 
relations with igneous rocks. Sills acted as impermeable bar­ 
riers. In general a thick sill of early White porphyry, well 
exposed in Iowa Amphitheater, was one of the most widespread 
ponding barriers to rising solutions. Certain other ore bodies, 
however, resulted from the damming and ponding of the ore- 
forming solution by shale or quartzitic beds of post-I Tissis- 
sippian age. As already noted, mineralization was most intense 
near plugs from whose deeper parts the ore was presumably 
derived.

Replacement of country rock by ore was especially effective 
in the upper part of the Leadville dolomite, partly, no doubt, 
because of the superincumbent porphyry sill and the sh<\le of 
the Weber (?) formation, but partly also because of the higher 
calcium content of these beds; the higher lime content caused 
a greater solubility than characterizes the more dolomiti? beds 
below and thus contributed materially to selective replace-
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ment. Probably for these reasons all of the more productive 
replacement ore bodies in the marginal parts of the district are 
confined to the upper part of the Leadville dolomite.

SECONDARY CHANGES IN THE ORES

The secondary or supergene changes affecting the central 
Leadville district were given detailed treatment in Professional 
Paper 148 and are only briefly reviewed in the present report. 
In the marginal parts of the Leadville district oxidation and 
supergene sulfide enrichment are not well marked. This is 
partly because most workings are not deep enough to pass from 
the oxide into the sulfide zones. Moreover, most of the mines 
and prospects are located on range crests above timbeiiine or 
in the bottoms of amphitheaters or valleys; in such places the 
preglacial soil and partly weathered rock that might have con­ 
tained oxidized or secondarily enriched ores has been largely 
stripped off by glacial or stream erosion. Where glacial strip­ 
ping has not occurred, glacial deposition has been the dominant 
recent process; there preglacial bedrock with its possible oxi­ 
dized and secondarily enriched minerals is generally not exposed 
because the workings are scarce and generally too shallow to 
reach bedrock. Even where present, secondary sulfldes are 
inconspicuous, because the main primary ore minerals (sphaler­ 
ite and galena) do not yield important quantities of recognizable 
secondary sulfides.

Thoroughly oxidized ores have been mined only in workings 
at higher altitudes—that is, under parts of the pre-Pleistocene 
surface, where minerals are still preserved as remnants of the 
oxidized zone that formed before the Ice Age. The most 
abundant oxidized ores are those of manganese and of zinc; 
both are common in the "blanket" or "contact" (bedding-plane) 
deposits. The list of important oxidized minerals includes 
smitlisonite, wad, psilomelane, pyrolusite, hataerolite, chal- 
cophanite, calamine, zinciferous clay, and hydrozincite. Plurn- 
bojarosite and cerussite are not uncommon; malachite and 
cerargyrite are relatively scarce. Oxidation produces caverns 
in quartzose ore, gives a buff color to most ore rich in carbon­ 
ates, and yields "dolomite sand" by removing the cement 
between grains.

Supergene sulfide ores are negligible, for reasons already 
given. The absence of significant quantities of supergene cop­ 
per minerals is noteworthy.

SUGGESTIONS FOR PROSPECTING

As stated, minor centers of late Cretaceous or Tertiary (?) 
igneous activity associated with the Johnson Gulch porphyry are 
likely to be places of intense mineralization and to contain 
mixed ores. For these reasons prospecting is merited in the 
ground adjacent to the plug of Johnson Gulch porphyry in which 
the Mansfield shaft is located and the ground containing 
arsenopyrite, tetrahedrite, and manganosiderite near the Julia- 
Fisk and First National properties in Iowa Gulch.

Ground near the major faults or related minor, branching 
faults merits special attention. Examples are both walls of 
the Mosquito fault, from the head of South Evans Gulch north­ 
eastward to the head of Birdseye Gulch, especially north of 
the Best Friend tunnel in Evans Amphitheater. The same 
holds true for the territory bordering the Hellena and sub- 
parallel faults from Iowa Gulch to the Sunday shaft.

Intersections of lesser faults with the contact between the 
Leadville dolomite and the overlying sill of early White 
porphyry are commonly places of ore deposition; hence, search 
should be made along the several lesser faults on the south­ 
western wall of the southern head of Evans Amphitheater. 
The same applies to the northwest slope of Empire Hill near 
the Eclipse workings, to the north and south slopes of Long and 
Derry Hill, to the eastern wall of Empire Amphitheater, and

especially to the eastern side of the north head of Iowa Amphi­ 
theater, south of the Continental Chief mine.

Low-angle thrust faults, even though their displacement is 
slight, are of much promise where they cut the Leadville dolo­ 
mite. Several such faults on Mount Sherman may well merit 
exploration with shallow workings. Similar thrust faults are 
known between Peerless and Horseshoe Mountains; but mining 
in this high region would involve serious technical difficulties.

Places of movement on or parallel to the bedc'ing offer prom­ 
ise of containing ore, to judge by observations at Leadville. 
Prospects near such faults, and meriting further development, 
are the numerous small openings situated about 1% miles due 
west of the crest of Empire Hill. Faults of this type may strike 
and dip in any direction, being highly irregular as the result 
of gentle flexures superimposed on a gentle dip

To generalize more broadly, conservative expenditures should 
be directed to exploring lower dolomites, especially the Mani- 
tou. More attention may well be accorded to tl ? recrystalliza- 
tion of limestone into "zebra rock" as a guide to ore: its 
presence does not prove the existence of ore nearby, but its 
absence points strongly to the barrenness of the immediate 
region.

Prernineral fractures in large part trend north to N. 30° E.; 
such a strike coupled especially with a steep dip in a given 
fissure suggests the probability of mineral deposits along the 
trace of the fissure where favorable beds are cut; this favorable 
augury is more auspicious if the fissure in question is a reverse 
fault.

As regards exploration technology, diamond drilling may 
furnish many data in preliminary exploration. Exploratory 
tunneling should be designed to cross as many fissures as pos­ 
sible, while still maintaining position in a favorable strati- 
graphic horizon, especially that at the top of the Leadville 
dolomite.

DETAILED DESCRIPTIONS

The last third of the report is devoted to description of tne 
ore deposits and mining operations in the marginal parts of 
the Leadville district. For this purpose the mines are grouped 
in regional subdivisions. A map indicates the location of the 
mine in question by means of a grid system. For each sub­ 
division, the local geology is briefly outlined; then the more 
favorable prospects and all noteworthy mines are described, 
including their geology, ores, exploitation, and history. Newly 
discovered facts regarding the Ibex, Nevada, Resurrection, and 
South Ibex mines, located in the central part of the Leadville 
district, are also presented.

INTRODUCTION

In 1886 the first comprehensive study of the Leadville 
district and of adjacent parts of the Mcsquito Range 
was published by the United States Geological Survey 
(Emmons, 1886). The report is a model of thorough­ 
ness, but the study was undertaken at a time when the 
district, already well on its way to greatness, had not 
by two decades reached its period of maximum produc­ 
tion, and when, consequently, much of its geology could 
not be completely understood. Subsequent studies by 
Emmons and Irving (1907), Loughlin (1918, 1926), 
and Emmons, Irviug, and Loughlin (1927) dealt with 
minor units of the central Leadville district in much 
more detail. The value of these revisions has scarcely 
been adequately understood. The later work, however, 
though more exact, was more restricted in scope than
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that of Emmons; further, the geology of outlying sec­ 
tions, such as Prospect Mountain, the crest of the range 
east of Leadville, and Iowa and Empire Gulches, re­ 
ceived no further detailed attention.

It is well known that near fissures along which min­ 
eral-bearing solutions might move, the Blue limestone 
of earlier reports (now divided into the Leadville dolo­ 
mite and the Dyer dolomite member of the Chaffee 
formation) is the most promising ground for prospect­ 
ing. Therefore when contributions of money by the 
Colorado State Geological Survey Board, the Colorado 
Metal Mining Fund, and the United States Geological 
Survey made it possible, a cooperative resurvey of the 
outlying parts of the Leadville district was undertaken. 
A prime objective was to disclose mineralized bodies of 
"Blue" limestone which, because of their small size or 
supposed distance from faults, had not been adequately 
explored.

Therefore, a topographic base—part of the new Mos­ 
quito Range Mining Eegion map—was prepared and 
finished in 1927, on a scale of 1 in. to 2,000 ft. In the 
summer of 1928 the writer, under the supervision of 
G. F. Loughlin, was assigned the duty of remapping, in 
the maximum possible detail commensurate with the 
scale, the country surrounding the area figured on plates 
7 and 13 of Professional Paper 148. Although a few

minor changes, suggested by the later field work in the 
adjacent region, were introduced on plate 13, no attempt 
was made to revise this mapping systematically. The 
area here discussed extends about H/2 miles north, 5 
miles south, and 5i/2 miles east of the town of Leadville. 
The map of that part of the district bounded by 
39°13'2S" and 39°16' N. lat., and 106°13' and 
106°1S'17" W. long., is republished in the center of the 
new map (fig. 1), only slightly changed from the form 
in which it appeared as plate 13 in Professional Paper
148.

LOCATION AND GEOGRAPHY

The area discussed in this report comprises the west­ 
ern part of what is sometimes called the Mosquito 
Range Mining District and the more outlying pr.rts of 
the restricted Leadville District (see fig. 1). It lies 
almost wholly in Lake County, in Central Colorado, 
on the western slope of the Mosquito Range; in the ex­ 
treme southeastern part near the Hilltop mine, a small 
strip, the longer dimension of which is parallel to the 
range crest, lies just across the summit, in Park County. 
As shown on figure 1, the area mapped comprises about 
40 sq mi, between latitude 39°11' and 39°17' 1 T. and 
longitude 106°10'30" and 106°l7'30" W., surrounding 
the town of Leadville.

FIGURE 1.—Map of central Colorado, showing location of this and other mining districts.
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The general physiographic features of the surround­ 
ing region are shown in figure 2. About two miles 
beyond the western edge of the area the main Arkansas 
River flows southward. One of its largest tributaries, 
the East Fork, forms an approximate northern bound­ 
ary for the district; farther south, lesser tributaries 
flow westward, finally joining the Arkansas River 
south of Leadville.

Of great economic importance to mining in this 
region are possible railroad connections, chiefly afforded 
through the town of Leadville. The Arkansas Valley 
smelter of the American Smelting & Refining Co. is

107' 106°30'

located at Leadville, on the Denver & Rio Graiide West­ 
ern Railroad. Connections are accessible also with 
a short branch of the Colorado & Southern Railroad 
to Climax, Colo. The former railroad follows the Ar-' 
kansas Valley, whereas the latter follows the East Fork 
from Leadville and thence northward toward the min­ 
ing camp of Climax. Roads in fair condition lead from 
Leadville up Evans, California, Iowa, and Empire 
Gulches, and up Weston Gulch, immediately south of 
the area. Branch wagon roads, not sufficiently well 
maintained to permit automobile travel, lead up Little 
Evans, Thompson, and Little Union Gulches. The

106°

:\o^C^'- KokomoJjQ- •-*- -.
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PIGUKE 2.—Sketch map of central Colorado near Leadville, showing chief physiographic features, towns, and mining
districts.



INTRODUCTION

maximum haul to Leadville through such gulch roads 
is about 12 miles.

Leadville, which had a population of 4,774 in 1940, 
is the only town of importance in the immediate region. 
Small ranches lie at the lower ends of Empire, Thomp­ 
son, and Iowa Gulches. The mapped area north, south, 
and east of Leadville is virtually uninhabited except 
for a few ranchers, individual prospectors, and the 
crews of a few small mines in operation during the 
period between 1928 and 1938, when the writer worked 
intermittently in the district.

Of special interest to the mining industry of Leadville 
is the new Government-financed drainage tunnel. The 
portal is located on the East Fork of the Arkansas E-iver 
about 11/2 miles north of Leadville, at an altitude of 
9,960 ft. The course was designed to lead about S. 30° 
E., to pass under Fryer and Iron Hills, draining many 
of the deeper operations and ore bodies there and on 
Carbonate Hill, as well as the Downtown area in part 
(Elgin, Volin, and Townsend, 1949). After a recess of 
five years in the work, driving was resumed in Septem­ 
ber, 1950 and completed February 26,1952 (Matsen and 
Salsbury, 1952). Exploration from the Hayden and 
other shafts is already going forward. The finished 
drainage project includes four laterals—to the Down­ 
town area, and to shafts on the Hayden, Robert Emmett, 
and the New Mikado ground.

FIELD WOBK AND ACKNOWLEDGMENTS

The topographic work done in preparing the base used 
in plates 7 and 13 of Professional Paper 148 and in the 
central part of the area here mapped was done before 
1911. The larger part of the district, however, was 
topographically surveyed in 1927. The writer of the 
present paper spent the summers of the years 1928, 
1929, and 1930 in the field, in the study of the areal 
geology and of the mines. The summer of 1931 was 
spent at Leadville, but devoted chiefly to preparing 
this report. Shorter visits in later summers yielded 
details about the geology and mining operations, but 
very few field data were obtained since 1935.

The advice and criticism of the late G. F. Loughlin 
of the U. S. Geological Survey were invaluable and to 
him this report should be gratefully dedicated. The 
late C. W. Henclerson of the U. S. Bureau of Mines 
furnished most of the production data and helped the 
work in many ways. E. N. Godclard and A. E. Sand- 
berg served most helpfully and efficiently as field assist­ 
ants. Special thanks are due Jeanette Alien Behre, 
the wife of the author, for assistance in field work, 
drafting, and the preparation of the manuscript. 
W. S. Burbank has made suggestions of great value in 
the preparation of this report. Nevin Johnson espe­ 
cially aided in guiding the preparation of the illustra­ 
tions. Thanks are also due to J. Harlan Johnson,

Q. D. Singewald, and T. S. Levering for helpful com­ 
ments based upon their work in nearby regions.

To the mining men of Colorado, particularly of 
Leadville, who have given so much of their tim^ and 
energy toward the completion of this work, the author 
is greatly indebted. Messrs. John Cortellini and W. E. 
Bowclen (both now deceased), and G. O. Argg.ll, of 
Denver, merit special thanks. Messrs. J. M. Kleff and 
Fred J. McNair, mining engineers, of Leadville, gen­ 
erously contributed information and mine maps. Par­ 
ticular thanks are due also to Mr. E. P. Chapman, 
geologist, formerly of Leadville, and to the E. J. Long- 
year Co., for permitting the use of data resulting from 
their studies; the Longyear Co. generously shared 
information obtained under its auspices by Messrs. 
R. D. Longyear and G. M. Schwartz.

SURFACE FEATURES 

TOPOGRAPHY

The Leadville district is on a northward-trerding, 
high, rugged mountain mass, both flanks of which are 
characterized by gentle lower slopes and much steeper 
ones near the crest. This is the Mosquito Range, whose 
higher summits, such as Mosquito Peak (13,780 ft), 
Mount Sherman 14,037 ft), and Horseshoe Mountain 
(13,903 ft), near Leadville, approximate an altitude of 
14,000 ft above sea level. These mountain crests lie 
well above timberline. Their summits show bedrock, 
and piles of talus that largely mask the slopes down to 
the level of vegetation. East of the Mosquito Range is 
the wide valley of the South Platte River, opening 
southeastward into the still broader flats of South Park. 
West of the range is the valley of Arkansas Piver, 
about 17 miles in width from crest to crest in the latitude 
of Leadville. The mountains decline in a series of 
gently sloping terraces toward the floor of this valley. 
West of Arkansas Valley, in turn, are the still higher 
and more rugged Sawatch Mountains, which include 
some of the highest peaks of the United States—many 
well above 14,000 ft in altitude.

The northern end of South Park and the northern 
part of the Arkansas Valley are topographically similar. 
Both are broadly terraced, and both contain relatively 
sluggish master streams which wander through level 
areas of sage and grass in most of the upper prrt of 
their courses. Both streams flow southward and both 
are fed by tributaries that rise in the higher bordering 
country to east and west. The mountains that flank 
both of these two valleys on the west, however, differ 
somewhat in topographic form. The Mosquito Range, 
west of South Park, culminates in a narrow, virtually 
level crest with individual summits greatly elongated 
in one general direction. In contrast, the Sawatch 
Range, west of the Arkansas Valley, lacks this striking 
ridgelike character and instead is crowned by rounded
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peaks, many lying several miles east of the Continental 
Divide.

Closer examination of the west slope of the Mosquito 
Range, on which the Leadville district is situated, 
reveals that many of the valleys have wide, horseshoe- 
shaped heads. So conspicuous are these features that 
the upper ends of Evans, Iowa, and Empire Gulches are 
generally referred to as amphitheaters. The walls of 
such valley heads are cliffs, in places so steep as to defy 
climbing, and where the amphitheater heads on opposite 
sides of the range meet, the mountain crest has been 
worn to a serrate ridge and attains its greatest sharpness.

Downstream the broad valleys have the same U-shaped 
cross section, their walls losing some of their precipi- 
tousness, yet rising to average altitudes of 500 ft above 
the valley floors. In general these steep-wallecl valleys 
possess wide bottoms, half a mile across, and uniform 
and relatively gentle gradients. These gradients, how­ 
ever, are interrupted by a few abrupt declivities and 
narrow gorges with turbulent rapids, especially where 
the streams cross rocky ledges, as in Empire Amphi­ 
theater half a mile below the Fimiback mine; or where, 
as at the mouth of the Dyer Amphitheater, tributary 
valleys join the master drainage lines; or again where 
irregular, moundlike masses of boulders and gravel, 
50 to 100 ft high, form barriers across the streams.

Projecting from the crest of the range and extending 
between the valleys of U-shaped section just described 
are riclgelike spurs. Farther from the range crest, 
these spurs assume the form of flat, benchlike divides, 
declining, also by gentle gradients, toward the Arkan­ 
sas Valley. Bedrock is exposed generally at the surface 
for about four miles west of the range crest, but farther 
down the spurs are covered with boulders, gravel, and 
silt, become more flat and tablelike, and finally slope 
down to the Arkansas River as striking mesalike ter­ 
races. Many of these terraces front the river valley 
flats with relatively steep slopes a hundred feet or more 
in height.

In addition to the broad U-shaped valleys a smaller 
type, narrower at the bottom and shorter, is seen in 
the region. Such valleys generally lie higher than the 
others, at the level of the flat divides described above, 
and are roughly parallel in trend to the U-shaped, 
larger stream valleys; they finally unite with the latter. 
Little Union Gulch, at the southern edge of the area 
mapped, is an example of this kind of valley. From 
its head on the western slope of Empire Hill down to 
the southern edge of the mapped area the stream flows 
in a narrow V-shaped gorge, and falls 400 ft or more 
to the mile in comparison with only 250 or 300 ft of 
the broader master valleys. Another such example is 
California Gulch, iy2 miles southeast of Leadville.

VEGETATION

From the summits clown to an altitude of about 
11,850 ft there is little or no timber on the west slopes

of the Mosquito Range. The only exceptions are scat­ 
tered small groups of stunted juniper (Juniperus 
scopulorum) , spruce, and pine, which have been bent,, 
twisted and gnarled by the force of the wind. On such 
higher slopes, there are two kinds of plant commu­ 
nities—those where the surface exposed is either bare 
rock, with relatively rare patches that contain soil 
enough for plants to grow, and those of the somewhat 
lower, moister, high-level valley bottoms. The former 
comprises a small group of beautiful alpine flowers. 
In the lower, moister, open meadows the assemblage 
differs most conspicuously in the presence, especially 
along the water courses, of scattered thickets of moun­ 
tain alder (Alnus tenuifolia).

Below timberline, in addition to flowering shrubs, 
there are several kinds of conifers, among which the 
lodegpole pine (Pinus succinifer), the Colorado blue 
spruce (Picea pungent), and the Engelmarn spruce (P. 
engelmanm) are most conspicuous; on the lower slopes- 
and where talus blocks cover the surface the aspen 
(Populus tretnuloides) acids a lighter shade of green»

Still lower, at an altitude of about 10,250 ft, where 
heat and relatively xerophytic conditions combine to 
thin out the trees, the shrubs again predominate. Sage­ 
brush (Artemisia) , the purple lupine (Lupitms curgen- 
teus) and several other legumes predomirate, and the 
vegetation does not differ greatly from that of the plains 
east of the Rocky Mountains at comparable latitudes.

Though not of great geologic importance the shrubs 
and trees do play a significant part in the development 
of the topography. By gradually advancing over the 
talus and cliffs, they hinder undercutting of the hill­ 
sides and make the slopes more gentle, and hence reduce 
the tendency toward landslides that is always strong 
in areas with such steep declivities. The trees are of 
some economic importance, though not adequate for a 
large lumbering industry. The local timber, eked out 
in larger mines with the stronger and heavier fir and 
spruce brought in from the northwesterr part of the 
United States, has served for stulls and lagging. The 
stump-covered hillsides, notably south of Evans Gulch, 
amply testify to the importance of this natural resource 
in the earlier mining operations at Leadville.

RECENT DEPOSITS

The most recent deposits in the region comprise talusr 
deposits made by flowing water and by landslides, and 
snow-bank deposits resulting from movements induced 
by gravity.

TALUS

The most conspicuous and freshest deposits of recent 
origin in this area are those composed of talus or rock 
waste (Behre, 1933b). They are found chiefly at the 
higher altitudes. When rock is exposed to the action 
of the weather in regions of high altitudes such as this, 
temperature changes, especially rapid ones, are likely
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to produce sudden expansion or contraction of the rock 
and a consequent spalling of fragments of various sizes 
and angular forms. The blocks fall from the rock mass 
and move downhill at a rate depending on the declivity 
of the surface upon which they have been dislodged. In 
fissured rock, exfoliation is accelerated by the repeated 
freezing and consequent expansion of water. The frag­ 
mentation of rock faces is most rapid above the timber 
line (here at an altitude of about 11,850 ft) owing to the 
rapid and frequent temperature changes, freezing tem­ 
peratures, and general absence of soil.

Talus piles, most of them deltaic in ground plan, 
extend below many of the steep rock surfaces, espe­ 
cially in and near the heads of valleys. The shapes 
of some deposits have been modified by fingerlike ex­ 
tensions of finer material deposited by streams that 
form during rainstorms and flow rapidly down the talus 
slopes and out upon the flatter valley floor.

In vertical section fresh talus piles have angles of rest 
ranging from 28° to 36°, and averaging about 32°, 
though the angles of old piles reworked by water or 
those overgrown by vegetation fall below the lowest of 
these figures. Detailed observations by the writer 
clearly show the correlation between particle size and 
angle of rest (Behre, 1933b); thus, material composed 
of fragments that range in diameter from 0.5 to 2 in. 
rests on slopes of 26° to 32°, whereas those of diameters 
that average about 12 in. rest 011 slopes of 35° to 36°.

The average size of particles is indicated above, but 
blocks as much as 50 ft in diameter have been noted. 
The pieces are angular and show all variations from flat 
chips to equidimensional fragments, depending chiefly 
upon the rock of which they are composed. In general 
the material has undergone only slight chemical weath­ 
ering, if any at all. On old slopes, however, especially 
those having low angles, vegetation has begun to ap­ 
pear, and concurrently rock decay has set in; this is

especially true where the slopes are on pre-Cambrian 
granite, which decays very rapidly under the existing 
climatic conditions.

In many places the talus surface slope is separated 
from the floor of the valley by a low ridge. (See fig. 3.) 
This ridge results from the rolling of individual blocks 
over the snow bank that covers the talus during the 
colder part of the year and accumulates some distance 
away from the main talus slope. A useful term for such 
a feature is "snow-front ridge."

STREAM DEPOSITS

Deposits of Recent alluvium in stream valleys are few 
in this region. They are noted only where glacial 
moraines had temporarily ponded the valleys upstream. 
Such deposits generally cannot be distinguished from 
outwash from valley glaciers of Pleistocene age, formed 
while active ice-scour was still taking place in the 
higher regions.

The valley flat at the Mitchell Ranch was produced by 
ponding of the stream and silting up of its valley on 
the upstream side of a recessional moraine of thQ. Em­ 
pire glacier. The downstream projection of the rock 
floor of upper Empire Gulch indicates that stream de­ 
posits here do not exceed 250 ft in thickness and are 
probably somewhat less.

Some stream deposits occur in the lower part of 
Little Union Gulch (a postglacial valley) but the de­ 
posits east of longitude 106° 15' are negligible, and even 
west of this line they are probably merely a thin veneer 
over the terrace gravels.

LANDSLIDES

The effects of landslides, where large rock masses 
have moved as a unit, are clearly evident in a few places.

One such place is on the north side of Long and Derry 
Hill about 500 ft east of the Doris mine (pi. 4). Here 
is a steep slope of black shale and grits comprising the

FIGURE 3.—Diagram to show progressive sapping of a steep cliff by frost action, with the development of a
ridge." A, crest of Talus (T).

"snowfront
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lower part of the Weber (?) formation and intercalated 
porphyry sills. The dip is southeastward, into the 
hillside, and consequently erosion of the slope has pro­ 
duced sapping of the Weber (?) rocks. Under these 
conditions, the shales have absorbed some water and 
tended to slough off, slumping down the hillside. No 
bedrock is exposed in place, but much clayey matter, 
soil that had accumulated on the surface of the slope 
before movement began, and large blocks of sandstone 
and porphyry, all intermingled with tree roots, cover 
the surface. Into this heterogeneous material water 
penetrates and reappears in small seeps downhill, mak­ 
ing a plastic mass that even now moves intermittently. 
This landslide is probably of recent origin or at least 
it records recent movement, for landslide cracks are 
common on the present surface, and there are numerous 
uprooted trees and many trees standing with trunks 
tilted at various angles.

There are other localities where the slightly hum- 
mocky topography suggests landslides, but the only 
other place where the features are unmistakable is far­ 
ther down Iowa Gulch, on the south wall at an altitude 
of 10,800 ft and less, approximately half a mile south of 
the point where the road into upper Empire Gulch rises 
to the crest of Long and Derry Hill. Here the Lead- 
ville water ditch once burst and washed the surface 
northward down into Iowa Gulch, and the scar pro­ 
duced on the hillside is still visible. Downslope to the 
north, the hummocky topography is very striking and 
clearly distinguishable from that clue to moraine 
deposits near the bottom of the gulch. It forms a con­ 
spicuous shoulder, above which is a landslip scar, now 
partly concealed by later small-scale slumping and 
erosion, and by the recent growth of vegetation.

ROCK STREAMS

Masses of rock waste, tonguelike in ground plan and 
consisting of angular boulders as much as 50 ft in 
diameter, are common above timberline in glaciated 
regions where slopes are steep. There are two such 
rock streams of noteworthy size in the region.

One is the upper part of Evans Gulch, near the lower 
end of Evans Amphitheater. Around its head are steep 
cliffs, behind which in turn are great cracks parallel to 
the cliff face. The rock stream trends northwest from 
the east wall of the amphitheater, a short distance south 
of the Miller mine. It is about 1,500 ft square—an area 
of about 50 acres. The surface of this rock flow stands 
well above the adjacent bedrock surface, and its average 
thickness is estimated to be at least 125 ft. The slope 
at its outermost edge is very steep, about 38°, but farther 
back toward the cliffs it is very gentle—about 8° or less. 
Near its lower margin ridges parallel to the edge and 
averaging 5 or 10 ft in height are distinguishable; 
between these ridges snow remains well into the earlier 
summer months. Almost all of the fragments observed

are of the same kind of porphyry as that which makes 
up the cirque wall at the upper end of the slide. They 
are fresh, showing no case hardening and very little 
surface staining with iron oxide.

A smaller rock stream in Iowa Gulch almost adjoins 
the landslide mentioned above. It lies between the 
Doris mine and the floor of the gulch, and has appar­ 
ently forced Iowa Creek against its north bank where 
it is actively undercutting. This rock stream extends 
about 500 ft in a north-south direction and 650 ft east 
and west. Its thickness is nowhere more than 100 ft 
and in most places it is probably less, as dumps of the 
shallow shafts sunk through it contain bedrock frag­ 
ments. The rock-stream surface is slight^7 hummocky, 
with inconspicuous ridges parallel to the lower margin. 
In general it is similar to the Evans Amphitheater 
rock stream and similarly lies just belcw a greatly 
oversteepened slope at the head of which are great 
crevices parallel to the brink. Most of tl <v rock frag­ 
ments are pieces of early White porphyry.

The origin of such rock streams has been discussed 
for more than forty years (Sharpe, 193P, pp. 42-46; 
Kesseli, 1941, pp. 202-227). They seem to be distinct 
from the "stone rivers" described from arctic regions, 
for the "stone rivers" do not start at cliffs, their gradi­ 
ent is much gentler, and they occur in regions of 
essentially glacial climate. Rock streams or "talus 
glaciers" like those in the Leadville region have been 
explained (1) as talus piles, moving forward slowly 
under their own gravitative "head", largely as the result 
of adjustments incidental to the melting and refreez- 
ing of interstitial ice (Chamberlin and Salisbury, 1909, 
p. 232) ; (2) as loose slide-rock that fell as landslide 
material or talus and later advanced partly by melting 
and refreezing of the interstitial ice (Capps, 1910, pp. 
371-375) ; (3) as loose slide-rock that fell on the ice and 
advanced as push moraines of recent alpine glaciers 
(Kesselli, 1941, pp. 226,227) ; (4) as avalanchelike land­ 
slides like that at Frank, Manitoba, tte fragments 
being the result of breaking of larger blocks, either 
while in transit or at the beginning of actual movement, 
the mass probably having in some cases fallen after the 
melting of the ice (Howe, 1909, pp. 52-54) because it 
had been undermined by glacial scour. Excellent de­ 
scriptions of similar slides in the San Jug n Mountains 
of Colorado are given by Howe, and his erplanation of 
these features as analogs of those resulting from the 
Frank, Manitoba, and Elm, Switzerland landslides 
appears to be well established. If further evidence 
were needed, the character of the individual blocks 
(which could scarcely have retained their present fresh­ 
ness and angularity if the accumulations were of glacial 
origin), the correlation of rock composition between 
the fragments and the adjacent cliffs ratlXQ,r than with 
the cliffs at the head of the cirque, the fact that the 
rock stream near the Doris mine is rot regularly
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cemented with ice, the absence of such streams in some 
glacial valleys such as Empire Gulch, and the associa­ 
tion with the Doris rock stream and in similar physical 
conditions elsewhere of undoubted landslide topog­ 
raphy all indicate the same origin. Such rock streams 
seem to have originated by the sudden breaking away 
and falling of rock masses from oversteepened cliffs 
on valley walls, the large blocks having been broken 
into smaller fragments as they struck other blocks 
while in transit. In this explanation continued later 
motion is not excluded, but it is regarded as relatively 
unimportant in bringing the material to its present 
position.

FEATURES OF PLEISTOCENE AND PLIOCENE(P) AGE 

OUTLINE

The glaciation of this region has been described in 
a general way in several publications, the more detailed 
accounts being given by Capps (1909), Emmons, Irv- 
ing, and Loughlin (1927), Westgate (1905), Behre 
(1933a), and Powers (1935). A digest of these works is 
given below, with the addition of some details and the 
slight modification of some conclusions. Certain glacial 
features of the region are depicted on plate 4.

WISCONSIN STAGE 

EROSIONAL FEATURES

The characteristic U-shaped transverse section of 
most of the valleys has already been noted. Weston 
Gulch, immediately south of the area mapped, Empire, 
Iowa, and Evans Gulches, and the valley of the East 
Fork of the Arkansas—these and their tributaries are 
all distinctly U-shaped in cross section. In every one, 
however, the U is very broad and low. In the lower 
parts of the valleys, where valley floors are at altitudes 
of 11,000 ft or less, the ratio of the width of the U to 
its depth is about 5:1. Here the valley walls slope 
down gently from the divides and then abruptly steepen 
to form an inner U notched in an outer, more gently 
walled V. In the upper parts of the valleys, however, 
the valley cross-section is generally an unbroken slope 
from divide to valley bottom; the valley is much wider 
but the ratio of width to depth is reduced to about 4:1. 
In general, the walls in the upper valleys are steeper 
than in those farther downstream and are essentially 
vertical. Such U-shaped valleys were obviously made 
by the erosive action of valley glaciers during Pleisto­ 
cene time.

The heads of most of the larger valleys are amphi­ 
theaters whose walls slope steeply on three sides to the 
divides; on the downstream side, the valleys open into 
the U-shaped cross section described above. The heads 
of Dyer, Iowa, and Empire Gulches, and the small 
amphitheaters lying on both sides of the ridge that 
connects Mount Sheridan with West Sheridan Moun­ 
tain are excellent illustrations. These features were

produced by the headward cutting of glacial ice in 
Pleistocene time. They are properly termed cirques, 
but their form has led to the popular name of "p.mphi- 
theater." Some are occupied by small lakes, such as 
those in the Dyer Amphitheater and Lake Isab°lle on 
Prospect Mountain.

In the higher parts of the region many tributary val­ 
ley streams discharge by abrupt falls into the main 
stream valleys. To a tributary valley with an abrupt 
change in gradient at its discharge point, the term 
"hanging valley" is applied. This gradient change 
probably resulted from more rapid dowiicutting by the 
glacier that occupied the main valley, leaving tN rock 
floor under the tributary glacier so high above tl ?, rock 
floor of the main glacier that the tributary ice stream 
cascaded down to join the ice in the main valley. Ex­ 
cellent examples are the amphitheaters north and south 
of the ridge between West Sheridan and Sheridan 
Mountains. They have valley floors that slop?- very 
abruptly—some 400 ft vertically in 1,500 ft of hori­ 
zontal distance—giving sharp drops to the main 
streams into which they discharge.

Between the glaciated valleys the higher uplands are 
nearly level, descending in gentle slopes toward the 
Arkansas Valley from the range crest (see p. 8). 
These are areas where glacial erosion was not effective. 
They represent remnants of an old pre-glacial surface, 
now largely destroyed by glaciation and stream work.

These features characterizing a region of glacial ero­ 
sion are obviously no longer as clear as when first 
exposed by the melting of the ice. The steep valley 
walls must have been somewhat modified—chiefly by a 
reduction of their slopes—through landslides, the ac­ 
cumulation of talus, "sapping" back by frost action and 
other effects of temperature changes, and through ero­ 
sion by running water. Erosion has also to a small 
extent reduced the declivities at the mouths of hanging 
valleys. The growth of vegetation has at least some­ 
what modified the steepness of the slopes. Ci the 
whole, however, the present valley and cirque topog­ 
raphy above timberline is essentially as it was imme­ 
diately after the disappearance of the last valley 
glaciers, partly because none of the processes thr t pro­ 
duce change is very rapid and partly because tli a, time 
available for such changes has not been very long as 
measured in geologic terms.

GLACIAL DEPOSITS 

CHARACTERISTICS OF GLACIAL DEPOSITS

Of the unconsolidated deposits in the region mapped 
those resulting from glaciation are the most clearly de­ 
fined. They are of two types—glacial till or moraine 
material (deposited under or at the edge of the ice), and 
glacial outwash or glacio-fluvial material (deposited 
beyond the ice by streams flowing from the ice front). 
All the unconsolidated surface materials, especially
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these two types of deposits, are commonly known by the 
miners as "wash."

In detail, till and outwash differ. Till consists of clay 
and sand irregularly mixed with boulders, the finer 
material forming a sort of matrix studded with 
boulders. Outwash consists of stratified silt, sand, 
gravel and boulders—well sorted and laid down in beds 
characterized by variations in coarseness of the sedi­ 
ment.

The boulders in the till are as much as 20 feet across 
and although such large ones are rare, they are typical 
of the moraine material. Glacial till is borne along in 
the solid ice which can carry much larger pieces than 
the largest boulders in the outwash. The boulders and 
pebbles of the outwash, having been rolled to their pres­ 
ent position by water, are limited to rock fragments 
sufficiently small to be transported in that manner.

Moreover, because individual boulders of the glacial 
till are held firmly in the ice and are ground against the 
floor or sides of the glacial valley or against their fel­ 
lows, they are likely to show faceted forms, beveled 
edges, and scratched or striated surfaces, in contrast to 
the rounded boulders that were rolled along by the 
streams discharging from the ice and were deposited 
in the outwash.

There are in this area no marked differences in the 
kinds of rock making up the glacial till as compared 
with the outwash or glacio-fluvial material. Any of 
the kinds of country rock may be represented in the 
boulders, but the most common are the quartzites of 
Cambrian and Devonian age. Almost all of the mate­ 
rial is fresh, resisting strong blows with the pick; excep­ 
tions are mentioned later.

The deposits representing the two glacial stages, are 
distinguishable on the basis of their degrees of erosion 
and weathering. Those of the latest or Wisconsin stage, 
being the more striking, are described first.

The most conspicuous glacial deposits are attributed 
to the five valley glaciers, which occupied the five main 
valleys. These glaciers are called the East Fork, 
Evans, South Evans, Iowa, and Empire glaciers after 
the gulches they occupied. On the whole, their termi­ 
nal moraines and outwash deposits are not conspicuous, 
nor is the extent to which they hide the bedrock and 
affect mining development of great economic im­ 
portance. The areas and thicknesses of their deposits 
in the region here mapped are given briefly below; for 
a description of these features in the immediate vicinity 
of Leadville the reader is referred to the works of Capps 
(1909, pp. 90-96) and the later and more detailed treat­ 
ment by Emmons, Irving, and Loughlin (1927, pp. 10- 
17). The distribution is shown in plate 4.

DEPOSITS OF EAST FOBK GLACIEE

Though the valley of the East Fork of the Arkansas 
lies almost wholly north of the area here described,

a small part of the moraine deposits made by the glacier 
that occupied it in Wisconsin time occurs north of 
Poverty Flat and 011 the northwest slope of Canterbury 
Hill. In the region around the mouth of the Canter­ 
bury tunnel it is a veneer about 75 ft thicK It forms 
a southward-trending band which may be part 
of the south lateral moraine of the East Fork glacier. 
No line can be drawn with certainty between it and the 
terminal moraine of the Evans glacier just south of 
Little Evans Gulch.

The terminal moraine of this large ice tongue is not 
readily distinguished from the gravel terrace north of 
Leadville. It lies west of the Tennessee Pass highway 
which locally follows lower Evans Gulch, and hence is 
mainly west of the area here mapped.

DEPOSITS OF EVANS GLACIER

The Evans glacier of the Wisconsin stage deposited 
very little material on the valley floor from the head 
of the Evans Amphitheater northward to the place 
where the valley axis falls to an altitude of 11,500 ft. 
North of this place, however, the till of the north lateral 
moraine appears, and at the lower end of the Board of 
Trade Amphitheater it attains a thickness of about 
30 ft. From there westward the morainal material 
thickens abruptly and forms a conspicuous ridge sepa­ 
rating Evans and Little Evans Gulches (fig. 4). Here 
the moraine has a thickness of 150 to 250 ft. Within 
the area described in this report the base of the thicker 
part of the moraine has not been reached by mine 
workings.

The south lateral moraine of the Evans glacier first 
becomes conspicuous about 1,500 ft east of the lower 
of the two large Leadville reservoirs, at the foot of the 
north slope of Little Ellen Hill. Its maximum thick­ 
ness here is 100 ft. Westward, it forms the north slope 
of Breece Hill, across the mouth of South Evans Gulch. 
Small ice tongues occupied the two cirques in which the 
Board of Trade mine and Lake Isabelle lie, but their 
deposits were negligible and their role se^ms to have 
been chiefly erosional.

The terminal moraine of the Evans glacier is about 
due north of Leadville and only a small part of it occurs 
in the area here mapped. Small patches fringe the 
southwest slope of Canterbury Hill, nortl x west of the 
Chicago Boy shaft. A marked thickening of drift in 
the center of upper Evans Gulch, however, due south 
of the Board of Trade Amphitheater, is probably 
attributable to recessional moraine deposition. The 
maximum thickness of this moraine, as judged by 
connecting (in projection) the surface of the rock 
outcrops in the stream bottom south of the Vega shaft 
with rock outcrops farther eastward, is probably not 
more than 50 ft.
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FIGURE 4.—Vertical section S. 5' E. from Prospect Mountain across northern slope of Evans Gulch, to show prominent north 
lateral moraine of Evans glacier.

DEPOSITS OF SOUTH EVANS GLACIEK

A glacier occupied the head of South Evans Gulch, 
as shown by the cirquelike valley head and by the 
glacial fill in the valley floor below the 11,550-f t contour. 
The South Evans ice tongue was a part of the Evans 
Gulch glacier until an appreciable retreat had taken 
place. The deposit, comprising both lateral and ground 
moraine, probably is nowhere more than 75 ft in 
thickness.

DEPOSITS OF IOWA GLACIEK

The Iowa glacier of the Wisconsin stage was fed by 
three branches which headed in Iowa and Dyer Amphi­ 
theaters and in the cirque between Mount Sheridan 
and West Sheridan Mountain. Of them, the Iowa 
Amphitheater branch was by far the largest, the ice 
from the other two glaciers pouring down out of hang­ 
ing valleys into the main valley of Iowa Gulch. Nei­ 
ther of the two tributary glaciers deposited noteworthy 
moraines, but the north lateral moraine of the main 
Iowa glacier formed a sharp ridge 50 ft high extending 
across the lower end of Dyer Amphitheater. This 
ridge forces the stream that drains that amphitheater 
to flow three-quarters of a mile westward before it 
breaks through the moraine ridge and enters Iowa 
Gulch. The morainal material here probably has a 
maximum thickness of about 100 ft.

On the steep south slope of Printer Boy Hill the 
north lateral moraine of the Iowa Glacier forms only 
a thin cover, so that bedrock is generally struck in 
mining at depths of less than 50 ft. The bedrock sur­ 
face on Printer Boy Hill, however, is buried under a 
cover of glacial till which thickens steadily westward 
and wholly covers the top of the ridge that extends 
westward under the name of Bock Hill. Here the 
glacial ice reached the crest of the divide between Iowa 
Gulch and California Gulch, and some of the water

from the melting ice flowed over the divide and down 
into California Gulch; indeed, a similar but higher 
spillway lies at an altitude of 11,325 ft, about 1,500 ft 
east of the crest of Printer Boy Hill (Emmons, Irving, 
and Loughlin, 1927, p. 15). Despite the fact tliat the 
bedrock topography was covered by the lateral moraine, 
that on the southern slope of Eock Hill, like that simi­ 
larly situated on Printer Boy Hill, was very thin.

The south lateral moraine of the Iowa glacier is not 
conspicuous higher up the valley than the Doris mine. 
From that point westward, however, it is recognizable 
as a distinct bench on the valley wall. As the crest 
of the divide slopes up westward, this morainal bench 
rides up over the bedrock surface on Long and Derry 
Hill at the point where the road from Iowa Gulch to 
Empire Gulch crosses the crest of the ridge. From 
here westward the moraine extends as a conspicuous 
ridge 50 ft or more above the terrace on which it lies. 
The Continental shaft, 0.3 mile west of the road just 
mentioned, is 175 ft deep in "wash," which is probably 
almost wholly composed of morainal material. On the 
slope toward Iowa Gulch there has been some slumping 
of the till. The lateral moraine is continuous with 
glacial deposit in the valley bottom.

In the valley of Iowa Gulch the bedrock is largely 
concealed beneath glacial drift downstream from a 
point approximately a third of a mile upstream from 
the Hellena mine. This drift must have been deposited 
on a very irregular surface, as glacial material 
("wash") is about 50 ft deep near the Helena mine, 
whereas bedrock crops out at road level three-quarters 
of a mile west of the Hellena shaft and is concealed 
by till a little farther downstream. On the south side 
of Iowa Gulch west of the westernmost point reached 
by the road from Iowa Gulch to Empire Gulch, the 
prospects have a cover of glacial deposits, but it is 
only a very shallow one.
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The terminal moraine of Iowa Gulch is an elevated 
arcuate lobe that extends southwestward from the 
ridge north of Iowa Gulch almost across the valley, 
causing an abrupt southward deflection of the stream. 
As these glacial deposits were laid down upon earlier 
alluvial deposits (described below), they are not readily 
distinguishable from the latter, and the exact thickness 
of the terminal moraine is therefore not known.

An usually thick deposit of glacial and glacio-flu- 
vial material extends up the valley bottom from where 
the stream crosses the 10,350-ft contour to a point 
opposite the Mansfield shaft. This belt of thicker drift 
is highly generalized on the map, plate 4, for want of 
detailed data as to thickness. It probably represents 
a recessional moraine. It was deposited mostly 011 a 
rock floor that lies buried at a depth of about 50 ft, to 
judge by projecting downward the bedrock surface 
exposed on the valley slopes.

DEPOSITS OF EMPIRE GLACIER

The valley glacier that occupied Empire Gulch 
during the Wisconsin glacial stage had 110 tributaries 
of appreciable length. In the sag south of the spur 
connecting West Sheridan Mountain with Upper Long 
and Derry Hill a small ice sheet of the nature of a cliff 
glacier probably existed, as shown by scattered faceted 
boulders. The flatness of the floor of this little basin 
indicates that sedimentation occurred here for a time 
while the main Empire glacier, its surface standing 
at an altitude of about 11,650 ft, ponded the discharge 
waters of the cliff glacier. This interpretation is sup­ 
ported by the form of the surface of the flat which is 
slightly convex upward in east-west vertical section, 
and by the occurrence of some thin beds of poorly 
stratified, gravelly alluvium along the northwest fork 
of the creek that now drains the flat. This alluvium 
is evidently outwash from the cliff glacier mentioned 
above. The limits of outwash in this locality clearly 
outline the lower edge of a small glacier that was not 
continuous, at least during its later history, with the 
Empire glacier; thus there was a small ice-free area 
upon which the glacial outwash was deposited.

A similar small glacier, continuous however with the 
main Empire ice, occupied the amphitheater south of 
the ridge connecting West Sheridan and Sheridan 
Mountains, but left no distinct deposits, its effect being 
chiefly erosional.

The main Empire glacier deposited conspicuous lat­ 
eral moraines on both sides of the valley. The north 
lateral jnoraine is noticeable not far from the head of 
Empire Gulch, appearing as a low shoulder on the val­ 
ley slope at an altitude of 11,600 ft, due south of West 
Sheridan Mountain. Westward it loses altitude grad­ 
ually, and on the south slope of Long and Derry Hill 
it appears as a distinct bench whose top is at an alti­ 
tude of about 11,250 ft,. Despite its topographic

prominence, this feature is not made by a thick deposit 
but rather by a veneer which built out the hillside 
horizontally, for shallow mine workings have reached 
the underlying bedrock in several places. In this- 
respect it resembles the moraine on the routh side of 
Printer Boy Hill, where the steep rock slope did not 
furnish a favorable foothold for much drift. Still 
farther west the moraine forks. Its northwesterly 
older branch is continuous with the most advanced 
terminal moraine of the Empire glacier, extending 
southward as an ill-defined crescentic ridge of irregular 
topography, recognizable just west of the ITatch Ranch. 
The southeastern branch of the lateral moriine occupies 
a position roughly parallel to the other, but a mile and 
a half farther east it merges with the recessional mo­ 
raine that lies about a quarter of a mile southwest of the 
Mitchell Ranch.

The south lateral moraine of the Empire glacier is 
recognizable in the upper part of Empire Gulch. Due 
south of West Sheridan Mountain it forms a note­ 
worthy ridge, rising fully 30 ft above the floor of 
Empire Gulch to the north and shutting off a meadow 
fringed with timber along whose northern edge the 
moraine can be traced for a distance of half a mile. 
The altitude of the morainal ridge is here about 11,650 
ft. Like its northern counterpart, it declines in alti­ 
tude westward and is not very thick on the steep north 
slopes of Empire Hill. However, it forms a 30-ft 
ridge at the lower end of the meadows on the flat north­ 
ern shoulder of Empire Hill, a ridge which serves as 
a dam for the Empire Eeservoir. On the western 
slope of Empire Hill, south of the Mitchell Ranch, 
this moraine forks into two lobes; the more southerly is 
continuous with the terminal moraine and the more 
northerly is continuous with the recessicnal moraine 
already mentioned in the description of the north 
lateral moraine of the Empire glacier.

It is difficult to estimate the thicknesses of the north 
and south lateral moraines of Empire Gulch from 
the Mitchell Ranch westward. They probably differ 
greatly from place to place because of the irregular 
bedrock surface, but average about 50 ft, as indicated 
by their heights where they were deposited on alluvial 
terraces.

The outer edge of the terminal moraine of the 
Empire glacier, 0.6 mi west of the Hatch Ranch, is 
marked by characteristic topography. East of the 
Hatch Ranch the bottom of Empire Creek has a steep 
slope, falling 250 ft in y2 mi. The irregular surface 
of the valley bottom near the Hatch Ranch is in sharp 
contrast with the wider and smoother valley bottom 
east of the Mitchell Ranch. The rolling topography 
a mile southwest of the Hatch Ranch is obviously of 
glacial origin, and appears to be a direct continuation 
of the outermost prongs of the north and south lateral 
moraines. Farther west, below the Hatch Ranch, the
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valley is studded by lakes and has the pitted surface 
of a valley train.

Upstream from the irregular topography of the ter­ 
minal moraine just described, about a quarter of a mile 
southwest of the Mitchell Ranch, the stream plunges 
over irregular hillocks of gravel. Though not sharply 
set off from the terminal moraine, this part of the valley 
bottom is slightly rougher than the area between it and 
the western part of the moraine and may be regarded 
as a recessional moraine that ponded the main stream 
at the Mitchell Ranch, forming the present lake flat.

Ground moraine forms the floor of the valley be­ 
tween the recessional moraine just described and the 
lowest bedrock outcrops in the valley floor—those at an 
altitude of 11,000 ft. In the neighborhood of the 
Mitchell Ranch the ground moraine is about 175 ft thick, 
as determined by projecting downstream the bedrock 
surface visible above the ranch.

Attention is directed to the fact that Capps (1909, 
plate 1) draws the crest of the terminal moraine half 
a mile east of the locality at which it is recognized by 
the writer, evidently regarding what is here described 
as a recessional moraine as part of the terminal moraine 
of the Empire glacier.

DEPOSITS OF HORSESHOE GLACIER

A glacial lobe was mapped by Capps (1909, p. 89 
and plate 1) as occupying the cirquelike valley head 
between Empire Hill and Horseshoe Mountain. The 
drift cover here is thin, probably nowhere exceeding 
30 ft. It represents essentially ground moraine. The 
ice in this region must have been generally stagnant, 
to judge by the fact that there was so little heaping up 
of morainal material.

TERRACES RELATED TO GLACIATION OF THE WISCONSIN STAGE

Capps (1909, pp. 21-22, pi. 1), Westgate (1905, pp. 
288-289, 299), Emmons, Irving, and Loughlin (1927, 
p. 16, pi. 7), Behre (1933a, pp. 785-814), and Powers 
(1935, pp. 184-199) have described the gravel terraces 
of nearby regions. The areal distribution of these 
terraces indicates clearly that they are of the Wisconsin 
glacial stage. They consist of moderately well sorted 
gravel that is very little weathered and only very 
slightly indurated. These terraces are trenched to a 
depth of as much as 200 ft by the action of recent 
streams, and have their upstream beginnings at the 
lower ends of the terminal moraines of the latest (Wis­ 
consin stage) glaciation, such as the terminal moraines 
described above.

In the southern part of the region here discussed no 
such terraces are seen, though farther away, just west 
of the Iowa terminal moraine, two patches were mapped 
by Capps (1909, pi. 1). On the south bank of the East 
Fork of the Arkansas River, however, east of where the 
stream is crossed by the highway from Leadville to

Tennessee Pass, there are two well-formed terraces of 
glacial outwash of the Wisconsin stage, rising to alti­ 
tudes of 25 and 60 ft above the present river level. The 
material consists of gravel and sand, fairly well sorted. 
The boulders are well rounded and fresh, with no stri- 
ations. Locally there are pockets of laminated clay. 
These gravels are worked intermittently for road ballast. 

East of the highway and south of the East Fc^k of 
the Arkansas River, the higher of the two terraces has 
a gentle slope, heading where Evans Gulch crosses the 
10,100-ft contour line. Despite this form, which gives 
the appearance of purely local outwash or of an alluvial 
fan, the lower edge of this terrace is level with the ter­ 
race on the north side of the East Fork. The writer 
has discussed elsewhere (Behre, 1933, pp. 801-80£) the 
correlation of terraces such as these, which lie upstream 
from terminal moraines of Wisconsin glaciatioi]. In 
accordance with his view, the terrace 60 ft above river 
level is regarded as outwash from a late glacial stage 
and correlated with certain deposits that represent a 
recessional moraine farther upstream in the valley of 
the East Fork.

SUMMARY OF WISCONSIN GLACIAL HISTORY

All of the glacial and glacio-fluvial deposits described 
in detail above are the result of glaciation generally as­ 
signed to the Wisconsin stage. This Wisconsin glaci­ 
ation resulted in the building of morainal deposits and 
outwash terraces, followed apparently by ice recession 
and then by a distinct pause in retreat, during which re­ 
cessional moraines and corresponding outwash terraces 
were formed. Examples of the deposits that resulted 
from these two recognizable substages of the Wisconsin 
stage of glaciation are seen in Empire Gulch ani the 
valley of the East Fork of the Arkansas River.

The existence of two distinct glacial substages is also 
suggested by the double rock benches and double cirques 
in longitudinal profile at the head of Dyer Amphi­ 
theater (fig. 5), in upper Evans Gulch at an altitude of 
12,000 ft, in Iowa Gulch at 11,850 ft, and in Empire 
Gulch at 12,000 ft.

INTEBGLACIAL, HISTORY

There is no very striking physiographic evidence of a 
period of deglaciation preceding the glaciation de­ 
scribed above. After studying the physiography of 
the general region, however, and noting the extent to 
which earlier glacial deposits have been eroded, Capps 
(1909, pp. 20-21) concluded that there was active pre- 
Wisconsin erosion. He also noted the weathered con­ 
dition of pre-Wisconsin glacial deposits in comparison 
with the freshness of the Wisconsin morainal mate­ 
rial—a difference that can be explained only by a long 
period of weathering of the older deposits before they 
were covered by ice sheet and till during the Wiscon­ 
sin stage. From these facts he inferred that the inter-
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FIGURE 5.—Vertical section up Dyer Amphitheater, to show the two distinct levels believed to represent the valley floors develope'1 in two glacial
stages.

glacial interval was at least, as long as that which has 
elapsed since the last or Wisconsin glaciation.

PRE-WISCONSIN GLACIATION

Mainly from studies of nearby areas, Capps (1909, 
pp. 14-15), Westgate (1905, pp. 291-292), and others 
have concluded that at least one important glacial stage 
preceded the Wisconsin stage. The strongest evidence 
for this is: (1) the occurrence of so-called "high-level 
terraces", believed to be made up of outwash from the 
earlier glaciers, and (2) the presence of isolated 
deposits of earlier glacial till. The "high-level ter­ 
races," the heads of which are well above the upper­ 
most terrace level referred to glacial outwash, will be 
considered under a separate heading. Of the older 
till only one patch is recognized in the area here de­ 
scribed. It consists of a number of erratic boulders, 
greatly weathered and lying 100 yards beyond the edge 
of the south lateral moraine of Wisconsin age on the 
west slope of Empire Hill, south of the Mitchell ranch. 
The boulders were described by Capps and attributed 
by him to a pre-Wisconsin glacial stage (1909, p. 91).

Erosional features, taken by themselves, give no 
clear evidence that glaciation of an earlier stage affected 
this region. There are no clear examples of typically 
U-shaped glaciated valleys of pre-Wisconsin age. 
Emmons, Irving, and Loughlin have interpreted sec­ 
tions across Evans Gulch as indicating the existence of 
a higher glacial valley of pre-Wisconsin age, trenched 
by the steeper-walled valley that resulted from Wis­ 
consin glaciation (Emmons, Irving, Loughlin, 1927, p. 
11, fig. 1, sec. J-J'), but this evidence is not conclusive.

Immediately south of the area, however, the west 
slope of Horseshoe Mountain is drained by two small 
tributaries of Weston Gulch, the faintly amphitheater- 
like heads of which suggest a possible early glacial 
origin; under this interpretation they have been greatly 
modified by erosion preceding and following the Wis­ 
consin glacial stage.

There is no known evidence in the Lead^Tille district 
of any still older glaciation, although Powers (1935, 
pp. 196-199) has clearly recognized older outwash far­ 
ther south along the Arkansas Kiver, and remnants of 
such deposits may lie buried and unrecognized in the 
high-level terraces described below.

HIGH-LEVEL TERRACES

In this discussion "high-level terraces'' are distin­ 
guished from terraces definitely proved to be of glacial 
origin because the writer doubts that these higher ter­ 
races can be positively correlated with any known 
glacial or interglacial stage. A brief discussion of the 
terraces follows.

A terrace level about 350 ft above tV?- Arkansas 
Kiver near the valley axis, is typically formed on the 
east side of the river from Twin Lakes some 10 miles 
north to Malta. This terrace consists of well-sorted, 
well-rounded gravel and minor quantities of interstrati- 
fied sand. At the surface the boulders are fairly well 
decayed, but at depth decay is not extreme, as revealed 
in recent cuts like that at Malta. The material is mod­ 
erately well indurated, the cement consisting mostly of 
calcium carbonate. Near the middle of the Arkansas 
Valley the terrace surface slopes about 2° toward the 
river axis, but farther away the slope increases to 5° or 
even more. For further description of these terraces, 
the reader is referred to the work of Capps (1909, pp. 
15-20), and of Emmoiis, Irving, and Loughlin (1927, 
pp. 15-17).

It has been shown elsewhere (Behre, 1933a, pp. 798- 
801) that these high-level terraces are higher than those 
definitely known to be continuous with the moraines 
of the pre-Wisconsin glaciers recognized on the west 
side of the Arkansas Kiver—for example, on lower 
Lake Creek, near Twin Lakes, and on Half Moon Gulch, 
as described by Westgate (1905, pp. 288-280, fig. 3) and 
by Capps (1909, pp. 52-53, 62). Considering this 
greater altitude, it seems less likely that tho high-level
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terraces east of the Arkansas River in the neighborhood 
of Leadville are outwash from the older of the two 
moraines of Capps than that one of the two following 
explanations is correct. They may be (1) terraces of 
an even earlier ice-sheet or (2) alluvial material dating 
back to a preglacial or interglacial period of alluviation. 
A more detailed discussion of these alternatives is 
presented in the writer's paper just cited. Briefly, 
the terraces are here regarded not as glacial outwash but 
as remnants of a huge piedmont alluvial fan formed 
after a period of rapid uplift and erosion. Recently 
obtained evidence seems to show that the gravels of 
the highest terraces overlie an ancient, heavily weath­ 
ered morainal deposit at Cache Creek, south of Twin 
Lakes, and thus that they are outwash from the earlier 
of two pre-Wisconsin glacial stages or represent alluvi­ 
ation following this earlier pre-Wisconsin stage.

In the area here described, the high-level terraces 
are conspicuous both north and south of Leadville. 
From the western slope of Canterbury Hill westward, 
they dominate the landscape. Here they have been 
so eroded that their top surface is not as regular as 
elsewhere, but the absence of terminal moraines of 
Wisconsin age causes the typical terrace material to be 
well exposed, especially at the 10,200-ft ridge about 
1/2 mile north of the Leadville racetrack. Still farther 
north the terrace material is concealed by the south­ 
western part of the terminal moraine of the East Fork 
glacier of Wisconsin age.

But it is in the southwestern part of the area that the 
high-level terraces become most conspicuous. On the 
divides north and south of Iowa and Empire Gulches 
at altitudes below 10,600 ft they are the most striking 
feature of the topography. (See fig. 6.) Below that 
altitude and locally at even higher levels, these divides, 
instead of extending westward as narrow, somewhat 
steep-sided ridges, widen and are flat-topped in north-

FIGURB 6.—Typical moraine and high terraces, Empire Gulch; view 
westward from vicinity of Hatch Ranch; note flat-topped terraces 
in middle distance.

south sections. Their mesalike surfaces slope westward 
toward the Arkansas River at angles ranging from 
2,1/2° to 7°, depending on the distance from the mountain 
crests. The gravel veneer thins upslope until n°-ar the 
head of Little Union Gulch and along the road from 
Iowa to Empire Gulch on lower Long and Derry Hill 
it is represented only by scattered boulders whose 
rounded shapes preclude a morainal origin.

West of the points just mentioned the thickness of 
these gravel deposits is unknown. In comparison, the 
gravel at the Spurr drill-hole on Capitol Hill, immedi­ 
ately north of Leadville, is 500 ft thick. In the neigh­ 
borhood of Rock Hill, on the northern slope of Iowa 
Gulch, thicknesses average 200 ft (Emmons, Irving, and 
Loughlin, 1927, p. 17), but may include the "lake beds" 
described below. The thickness still farther south is 
indicated by the fact that on the divide between Iowa 
and Empire Gulches no workings whatever west of the 
latitude of the Musk Ox shaft penetrate to bedrock. In 
the absence of deep drillings or shafts west of the Musk 
Ox shaft, perhaps the best thickness estimate can be 
obtained by projecting westward the slope of tiN bed­ 
rock surface exposed on rock divides. This method is 
subject to possible serious errors, especially those intro­ 
duced by the flattening of the curve by which £H bed­ 
rock surface declines toward the middle of the valley 
and by rather recent faults that have dislocated the 
overlying "lake beds." The probable maximum thick­ 
ness is about 800 ft on the western border of the a rea, as 
determined near the divide between Iowa and Empire 
Gulches.

A second method of estimating the thickness of the 
high-terrace gravels is by noting the height of the 
divide crests above the present valley bottoms, the 
points of comparison on the different divides being 
along a line drawn at right angles to the valley axis. 
This method yields an average thickness of 250 ft for 
the western edge of the area mapped. In this immedi­ 
ate area the valleys have nowhere been cut to bedrock; 
moreover, in the divides the bedrock surface may be 
high above its altitude beneath the valleys. This 
method likewise is subject to error, but the figure given 
is probably close to the minimum.

In 1942 J. H. Swartz (Oral communication) made 
geophysical surveys near the proposed site for th a- deep 
drainage tunnel, driven in 1943 from the East Fork of 
the Arkansas southeastward. He found that the bed­ 
rock surface between the lower parts of Thompson and 
Iowa Gulches might be about 500 ft beneath the present 
surface, but he could not distinguish with certainty 
between bedrock and thoroughly compacted "lake beds". 
He also found in Iowa Gulch indications of a preglacial 
gorge, the bedrock floor of which might be at least 
1,000 ft below the present gulch bottom. This old
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gorge was apparently filled with "lake beds" overlain 
by gravels. According to Swartz, north of Iowa Gulch 
the altitude of bedrock may reach 9,400 ft or more, 700 
ft below the present surface of the gravels, and here, 
too, bedrock is immediately overlain by "lake beds." 
These facts tend to confirm the order of thickness 
of the high-terrace gravels presented in the foregoing 
paragraphs.

In summary, it is wholly likely that the maximum 
thickness attained by the high-level gravels lies between 
250 and 800 ft and probably approaches the thickness 
of 500 ft recorded in the Spurr drill-hole previously 
mentioned. These figures may include some of the 
"lake beds" described below.

"LAKE BEDS"

Still older than any of the deposits described above 
and almost everywhere covered by such deposits, are 
poorly consolidated, clayey sandstone and marls, gener­ 
ally called "lake beds." In a drill hole in Pawnee 
Gulch they have a thickness of about 640 ft, but the 
average is probably much less. Within the area under 
consideration the deposits are well exposed only in 
mine workings, and as none of the mines in which they 
have been reported is now accessible the only descrip­ 
tions available are those in earlier publications. The 
deposits are generally similar to those described by 
Emmons (1886, pp. 71-72). Attention is directed to 
the scattered angular blocks found as a sort of "basal 
conglomerate" in the finer matrix described above. 
The history thus depicted is that of ponding on an old, 
partly weathered surface and the formation of local 
lakes in which the fine-grained sediments accumulated, 
but little is known about the extent of these lakes.

In age the "lake beds" are known to be late Pliocene 
or early Pleistocene, as indicated by mammalian re­ 
mains found in the Bessie Wilgus mine on Rock Hill, 
just north of the area studied (Emmons, Irving, and 
Loughlin, 1927, p. 19).

From their character and distribution, the "lake beds" 
are thought by Emmons, Irving and Loughlin to have 
been the result of ponding by the glaciers of a stage 
preceding the earlier of the two glacial stages discussed 
above. Under this hypothesis there would be three 
glacial stages, and the authors mentioned assign the 
"lake beds" to the first, the "high-level terraces" and 
local patches of older drift to the second, and the lower 
terraces and prominent moraine deposits of the region 
to the third or Wisconsin stage. By the interpreta­ 
tion of the writer, the "lake beds" would have been 
deposited prior to the first glacial invasion in depres­ 
sions in the bedrock surface, after which they were 
covered by the high-terrace gravels of a Piedmont 
alluvial plain.

STRATIGRAPHY OF BEDROCK 

PRE-CAMBRIAN BOCKS 

GENERAL RELATIONS

The pre-Cambrian rocks are divided into two large 
groups: (1) Highly metamorphosed rocks of sedimen­ 
tary and igneous origin, here generally referred to as 
metamorphic rocks, and (2) slightly metamorphosed 
or unmetamorphosed granites and related igneous rocks, 
intruded into the metamorphic rocks and thus clearly 
of later age.

The metamorphic rocks comprise several kinds of 
schist and gneiss. The granitic and related rocks 
comprise two different granites, a quartz diorite, and 
the pegmatitic and aplitic differentiates of these intru- 
sives. In some localities fine-grained dikes cut the 
pre-Cambrian rocks and, being confined to the latter, 
are of indeterminate age; however, a petrographic com­ 
parison with dike rocks occurring elsewhere- and known 
to be of late Cretaceous and Tertiary age clearly shows 
their close resemblance, and suggests a similar age.

METAMORPHIC ROCKS 

GENERAL FEATURES

Under the heading of metamorpliic rocks are grouped 
schists and gneisses of pre-Cambrian age vhich repre­ 
sent highly recrystallized igneous and sedimentary 
rocks. Similar rocks of the Sawatch Rr.nge clearly 
include quartzite and marble that were originally 
sediments as well as schists and gneisses of uncertain 
origin (Stark and Barnes, 1935, pp. 472-473). The 
metamorphic rocks of the Mosquito Range in the neigh­ 
borhood of Leadville have not been as thoroughly ex­ 
amined, partly because such studies appeared to prom­ 
ise little of significance to the purpose of this report 
and partly because the exposures are few and discon­ 
tinuous, and therefore less amenable to successful 
detailed work.

All of the metamorphic rocks are cut by lr rge granitic 
intrusives of the types described below. The meta­ 
morphic rocks occur as large bodies that may be parts 
of a continuous basement of country rock only super­ 
ficially separated by the granites. Most such bodies, 
however, appear as isolated blocks or xenoliths sur­ 
rounded by granite; they range in size from a few feet 
to a quarter of a mile across.

No general subdivisions of the metamorphic rocks are 
recognized, but the more important kinds are described 
below.

DISTRIBUTION

Dark-colored biotite schists and other highly re- 
crystallized metamorphic rocks have a distribution far 
more restricted than that of the pre-Cambrian granites. 
They form the greater part of the pre-C?,mbrian ter­ 
rain in the northern head of Evans Gulch, south of the 
Kemble and Daisy mines (pi. 1, mines C-60 to C-62). 
Large inclusions are also well exposed on the east wall of
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South Evans Amphitheater; in the floor of the Dyer 
Amphitheater; on the northwest slope of Mount Sheri­ 
dan, southwest of the trail to the Hilltop mine; and in 
Iowa Gulch just east of the Liddia fault, where the 
stream crosses from the pre-Cambrian rocks into the 
Paleozoic sedimentary strata. For detailed study, 
however, the best exposures are small inclusions on the 
northeast and northwest slopes of Finnback Knob.

KINDS OF ROCK

Biotite-homblende gneiss.—East of Empire Hill 011 
the north slope of the knob that attains an altitude of 
12,686 ft, and also on the north slope of Finnback Knob 
(the 13,405-ft knob half a mile northwest of Horseshoe 
Mountain), the granite includes xenoliths of a dark, 
gneissoid rock with a hackly fracture. This rock is 
classified as biotite-hornblende gneiss. It is dark gray, 
almost black, finely spotted with pink microcline crys­ 
tals. Under the microscope the rock is seen to consist 
chiefly of green hornblende, quartz, microcline, partly 
bleached brown biotite, and small quantities of oligo- 
clase-albite. Accessory minerals include rutile, sphene, 
and apatite, partly well crystallized. Alteration prod­ 
ucts are sericite—largely in spherulitic or sheaf-like 
masses—and limonite. The hornblende, biotite, and 
quartz are intimately intergrown, but the microcline 
occurs in scattered grains among the other minerals and 
in tiny aplitic veinlets that cut across the rock; it is 
clearly later than the other chief constituents.

The origin of this rock is in doubt, because of the ex­ 
treme metamorphism. There is nothing to suggest a 
sedimentary origin, and Levering considers a similar 
rock in the Front Kange to be intrusive (Levering, 1929, 
p. 66).

Quartz-~biotite gneiss.—The quartz-biotite gneiss is 
a fine-grained, medium-gray rock, having pronounced 
lamination that is probably due to bedding. It com­ 
monly assumes the appearance of an injection gneiss, 
occurring as inclusions in the pre-Cambrian granites 
and cut by closely spaced veinlets .and stringers of 
granitic material. Some of it consists almost wholly of 
quartz and biotite; other facies contain much feldspar. 
Individual laminae or beds as much as half an inch 
thick consist wholly of quartz, much of which is in 
rounded grains suggestive of quartz sand.

Structure, texture, and the constituent minerals all 
indicate that this rock is of sedimentary origin. It 
probably represents an impure sandstone, originally 
rich in clayey matter and now highly metamorphosed.

Rock of this kind appears as roof pendants or xeno­ 
liths on the north slope of Finnback Knob and in the 
area of pre-Cambrian rocks in upper Iowa Gulch near 
the Liddia mine. A more massive variety, which con­ 
tains much hornblende, is found under structurally

similar conditions, grading into the quartz-biotite 
gneiss described.

Locally, as in some inclusions in the granite on the 
north slope of Finnback Knob, the quartz-biotite gneiss 
becomes an injection gneiss, characterized by numerous 
stringers of microcline and quartz, 0.5 cm (0.2 in.) or 
less thick, that follow the schistosity. The veinlets and 
the gneissic banding are minutely crinkled, and in 
addition the biotite has largely been bleached and re- 
crystallized to tablets measuring as much as 1.0 by 
0.3 cm, and about 0.25 cm thick in the basal sections. 
These numerous large mica tablets, having similar orien­ 
tation, impart to the rock an excellent cleavage not 
observed elsewhere, and also a bright luster on the 
cleavage surface.

Biotite-sillimanite schist.—Rock that strongly re­ 
sembles the biotite-sillimanite schist described from the 
Front Range by Ball (Spurr, Garrey, and Ball, 1908, 
pp. 38-40) and that occurs also in the Climax district 
north of Leadville (Butler and Vaiiderwilt. 1931, p. 
325), is found in small yet widely distributed masses 
in the Leadville area. A small body is exposed in the 
north head of Empire Gulch, and a larger one in the 
amphitheater at the head of South Evans Gulch. It 
is a, gray to black, banded, medium-grained rock that 
glistens 011 surfaces parallel to lamination.

The bands mentioned consist of alternate layers of 
the typical sillimanite-biotite schist and of a rock 
richer in quartz but containing moderate amounts of 
sillimanite and, biotite. The sillimaiiite, which forms 
slender, silvery laths as much as 2 centimeters (0.8 in.) 
in length, is especially conspicuous on the fresh fracture. 
An accessory mineral in noteworthy quantities is a 
plagioclase feldspar, probably oligoclase. The biotite- 
sillimanite schist is believed to have been originally 
an alumina-rich sediment that became completely 
recrystallized as a result of dynamic metamorphism.

METAMORPHISM

The extent to which the present composition, struc­ 
ture, and texture of these rocks are due to simple 
recrystallization under high compression, or to the 
effects of granitic intrusion is impossible to determine. 
The bands of biotite-sillimanite schist, for example, are 
believed to reflect original differences of the layers, but 
the growth of sillimaiiite and micas may well have 
been due largely to the influence of emanations from 
the intruding granite. Clearly, much of the quartz, 
biotite, and hornblende have been introduced during 
metamorphism. The most reasonable interpretation 
of the present character of these rocks is that they were 
severely folded and, concomitaiitly or slightly later, 
permeated, recrystallized, and partly replaced by 
igneous material.
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GRANITES AND RELATED ROCKS

KINDS OF ROCK

Two kinds of granite are recognized, but they may be 
merely different f acies of a single magma. The reasons 
for distinguishing them in this description are given 
on a later page. The first kind is coarsely porphyritic 
and has a gray groundmass studded with large pink 
microcline phenocrysts. From its resemblence to gran­ 
ite at Pikes Peak, Colorado, as described by Cross 
(1894, p. 1), this kind is here referred tentatively to 
the Pikes Peak granite. The distance from Leadville to 
the type locality of the Pikes Peak granite, however, 
is too great to permit definitely assigning it to the Pikes 
Peak. It also resembles the Rosalie granite as described 
by Ball (Spurr, Garrey, and Ball, 1908, pp. 58-60), 
but Lovering (1929, p. TO) has shown that these two 
similar granites—the Rosalie and the Pikes Peak—are 
f acies of the same intrusive mass; hence the older name, 
Pikes Peak, has been retained.

The second kind of granite is distinguished from the 
Pikes Peak(?) granite by its more uniform texture. 
The groundmass is gray, but pink lath-shaped micro­ 
cline crystals, generally with subparallel or trachitoid 
orientation, give the rock as a whole a light-pinkish 
tint. Lithologically similar granite in the Front 
Range has been described by Ball (Spurr, Garrey, and 
Ball, 1908, pp. 58-60) and others under the name of 
Silver Plume granite. The type locality of the Silver 
Plume granite also is so far from Leadville as to pre­ 
clude positive correlation, but the resemblance is so 
striking that the local rock is here referred tentatively 
to the Silver Plume granite. Near it in one locality is 
an apparently related dioritic rock.

Within or near masses of these two granites are peg- 
matitic and aplitic dikes so similar lithologically to the 
granites as to suggest a genetic relationship; hence the 
pegmatites are grouped with the granites in the descrip­ 
tions which follow.

PIKES PEAK(T) GRANITE

Petrology.—The rock here referred to the Pikes 
Peak granite is a coarsely porphyritic granite (fig. 7), 
which is generally darker gray than the Silver 
Plume ( ?) granite, though it has a pinkish cast as seen 
at a distance. This pink color is not evenly distributed 
because it is due to large phenocrysts of microcline, 
commonly well separated, and scattered somewhat 
irregularly through the rock. The phenocrysts meas­ 
ure 3 by 2 cm (approximately 1.2 by 0.8 in.) in maxi­ 
mum observed dimensions. They are set in a moderately 
dark-gray groundmass of medium-coarse, granitoid 
texture, and composed of plagioclase, quartz, biotite, 
and muscovite. All minerals except the last are visible 
to the unaided eye (fig. 8). There is no distinctly 
trachitoid arrangement of any of the constituents, nor

FIGURE 7.—Coarsely porphyritic Pikes Peak(?) granite cut by aplite 
facies of Silver Plume granite and enclosing schist fragments.

in general any definite elongation, though in a few 
places the mica forms ill-defined gneissic bands.

Under the microscope the plagioclase is seen to occur 
in both anhedral and euhedral grains. Its composition 
approximates that of andesine. The quartz appears in 
anhedral grains which exhibit strain shadows. Locally 
some of the quartz is in micropegmatitic intergrowths 
with the feldspar. Microcline individuals are not nu-

FIGURE 8.—Pikes Peak( ?) granite : note coarsely crystalline texture and 
conspicuous dark minerals ; length of specimen, 3 inches.
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merous, but are so large that under medium power they 
nearly cover the field of the microscope. In places of 
extreme alteration both kinds of feldspar, but especially 
the plagioclase, have been converted to sericite, and also 
to kaolinlike materials. Most of the biotite is golden 
brown but some has a greenish hue; it is commonly 
bleached and chloritized. Generally, muscovite is pres­ 
ent in only small amounts.

Accessory minerals include magnetite, which in places 
is segregated in relatively large masses, many of which 
have been altered to limonite. Apatite grains of unusu­ 
ally large size are common. Pyrite is locally an impor­ 
tant constituent; it generally occurs in quartz veinlets 
and thus has clearly been introduced after the solidifica­ 
tion of the rock. Its oxidation, far more than that of 
the magnetite, is responsible for the limonite stains so 
commonly seen. A few isolated patches of a dark 
amphibole, probably hornblende, have been seen in some 
places. Still more uncommon are zircon inclusions in 
the biotite, mostly surrounded by pleochroic halos.

In summary and to compare it with the Silver 
Plume (?) granite of the region, the distinctive features 
of the Pikes Peak(?) are (1) the large microcline 
phenocrysts that are equidimensional and lack a trachi- 
toid arrangement, (2) the small quantities of potash 
feldspar in the groundmass, as compared to the amount 
in phenocrysts, (3) the small amount of primary mus­ 
covite, and (4) the brownish color of the biotite, as 
opposed to the green mica common in the Silver 
Plume (?) granite.

Distribution.—In some parts of the region the dis­ 
tribution of the porphyritic Pikes Peak(?) granite is 
very irregular. For example, in the cliffs that form 
the south wall of Empire Gulch east of the Empire 
Reservoir there are numerous small areas of this 
coarsely porphyritic granite, but much of the Silver 
Plume (?) granite occurs here also. Elsewhere, how­ 
ever, the Pikes Peak( ?) granite is by far the dominant 
pre-Cambrian rock, notably at the head of South Evans 
Gulch, in upper Iowa Gulch, east of the Liddia cabins, 
and in general on the west slopes of West Sheridan 
Mountain wherever pre-Cambrian rocks crop out.

SILVER PLUME (?) GRANITE

Petrology.—The Silver Plume(?) granite (figs. 9 
and 10) is generally light colored and equigranular. 
The color may be light bluish-gray or faintly greenish, 
especially where bleached in connection with mineral­ 
ization, but pinkish tones predominate. The pink color 
is less intense than in the Pikes Peak( ?) granite; the 
color is also more uniform, as the pink feldspar in the 
Silver Plume (?) granite occurs as smaller crystals 
that are more uniformly distributed.

In the hand specimens (fig. 10) microcline, quartz, 
plagioclase, biotite, and muscovite are recognizable, 
their relative abundance being in the order named. Of

FIGURE 9.—Finely granular Silver Plume (?) granite with inclusions; 
note fracturing of inclusions but lack of corrosion.

them the microcline is most conspicuous, forming lath- 
shaped crystals as much as 1.5 cm (0.6 in.) in length. 
These laths are commonly arranged with their longest 
dimensions parallel, giving a trachitoid texture that is 
very characteristic of the rock. In large part, because 
of the small size of constituents other than microcline, 
the rock is porphyritic, and its trachitoid texture is

FIGURE 10.—Silver Plume (?) granite ; note finely crystalline texture and 
faintly trachitoid arrangement of crystals with banding parallel to 

long dimension of specimen; length of specimen, 3 inches.
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even more striking. Quartz, the only other commonly 
distinguishable mineral, occurs as grains measuring 
0.5 cm (about 0.2 in.) in diameter.

The essential primary constituents identified under 
the microscope are microcline, plagioclase, quartz, 
biotite, and muscovite. Accessory minerals are mag­ 
netite, garnet, zircon, and apatite. Sericite, epidote, 
chlorite, secondary hematite, and limonite are altera­ 
tion products.

Microcline forms the largest individuals and also 
smaller grains crystallized interstitially among the 
other mineral constituents. Well-formed grating struc­ 
ture is characteristic. Scattered areas of micropeg- 
matite are seen, and perthitic intergrowths are common, 
in which the plagioclase forms thin bands transverse 
to the 010 face. Some of the microcline is replaced by 
sericite, which forms felty aggregates of tiny flakes. 
The potash feldspar consists of microcline with sub- 
microscopic twinning, but some orthoclase may be 
present.

The plagioclase lies between oligoclase and albite in 
composition and is twinned in accordance with the 
albite law. Much of it has been sericitized—to a far 
greater extent than the potash feldspar. The quartz 
generally contains sagenitic rutile and shows moderate 
strain shadows and fractures along which secondary 
sericite has been formed. The biotite has a somewhat 
unusual color, verging on apple green. It commonly 
contains rounded zircon grains with pleochroic halos. 
A common alteration of the biotite results in a pale 
mica banded with hematite that has been segregated 
in the process of alteration. Chlorite and green epi­ 
dote (pistacite) are other alteration products typically 
present in the biotite. Primary muscovite is not very 
common, but two or three flakes can generally be found 
in every thin section. Indeed, its presence in more 
than very small proportion indicates that the granite 
in question is the Silver Plume (?) granite.

Of the accessory minerals, apatite and zircon occur 
in well-formed crystals. Magnetite forms small evenly 
distributed grains. Where altered it becomes cloudy, 
and in the more advanced stages of alteration it changes 
to limonite.

In summary, the characteristic features of the Silver 
Plume(?) granite, by means of which it may be dis­ 
tinguished from the Pikes Peak( ?) granite are (1) the 
trachitoid arrangement of lath-shaped feldspar crys­ 
tals, (2) the light-gray or only slightly pinkish color 
of the rock, (3) the dominance of microcline over 
plagioclase, (4) the general presence of greenish bio­ 
tite, and (5) the moderate content of primary mus­ 
covite.

A somewhat gneissoid pink granite, apparently a 
sheared phase of the Silver Plume(?) granite, is seen 
in some places, as on the northwestern slope of Finn- 
back Knob and on the southwestern side of West Sheri­

dan Mountain. This rock is similar in some respects 
to the quartz monzonite gneiss described by Ball, and 
by Lovering (1929, p. 67) from the Front Kange. Min- 
eralogically, however, the gneissic granite resemble& 
the typical granite here identified with the Silver 
Plume; moreover, it is restricted to areas where the 
Silver Plume (?) granite predominates or at least forms 
large bodies. Hence, despite its somewhat gneissoid 
character, this rock may best be mapped with the Silver 
Plume (?) granite.

Distribution.—Silver Plume (?) granite forms the 
dominant rock east of the Mosquito fault in the floor 
of Evans Gulch, as shown in numerous excellent ex­ 
posures near the Best Friend mine. The extensive out­ 
crops of pre-Cambrian granites in South Evans and 
Dyer Amphitheaters and upper Iowa Gulch include 
some Silver Plume (?) granite. There are also exten­ 
sive exposures on the south side of Empire Gulch from 
the neighborhood of the Paddock cabin to the head 
of the gulch, but here the two kinds of granite appear 
alternately and generalizations are therefore impos­ 
sible. Much of the large granite mass exposed west 
of Empire Hill, extending from Empire Gulch to the- 
southern boundary of the area mapped, is composed 
of the Silver Plume(?). Similar rock makes up the 
main granitic masses on the crest of the Mosquito Range 
from Leadville north to Climax (Butler and Vander- 
wilt, 1931, pp. 325-328) and has been identified by the 
writer at Weston Pass, 11 miles south of Leadville.

QUARTZ-MICA DIOEITE

On the southwest slope of East Ball Mountain, near 
extensive exposures of the trachitoid granite that 
resembles the type Silver Plume granite, are two areas 
underlain by quartz-mica diorite—a dark-gray rock of 
granitoid texture. Both are large masses; the biggest 
exposure has an extent of about 20 acres. There are 
scattered exposures of similar rock north of the Best 
Friend mine in the valley of the Evans Amphitheater.

The rock is medium-grained, with a texture similar 
to that of the Silver Plume granite, except for the lack 
of characteristic feldspar phenocrysts in trachitoid 
arrangement. The principal constituents are quartz,, 
a plagioclase feldspar (probably andesine), and biotite. 
Hornblende is suprisingly scarce and potash feldspar is 
absent. The quartz, which shows strain shadows, is 
clearly the last mineral to crystallize. The andesine is 
much altered to fine, felty aggregates of sericite. Large 
brown flakes of biotite are intergrown with the quartz 
and andesine; many crystals are bleached. Zircon and 
rutile inclusions are present in strikingly large quanti­ 
ties. Other accessory minerals include much apatite in 
conspicuous well-formed grains, hornblende (now 
mostly altered), garnet, magnetite, and some pyrite 
peripherally oxidized to hematite and limonite.

The contact between this dioritic rock and the Silver 
Plume(?) granite is not exposed. The close associ-
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ation of the two types of rock, coupled with their 
similarities in texture and in accessory minerals, 
strongly suggests that the diorite is related to the gran­ 
ite and is either a differentiate of it in place or a small• A
plug separately injected into the pre-Cambrian country 
rock; hence no distinction was made between these two 
rocks on the map.

PRE-CAMBRIAN DIKE ROCKS

Basic dikes.—Minette-like dikes of pre-Cambrian age 
are rare. Two, now largely schistose and converted to 
highly micaceous, hornblendic rock, occur in areas of 
Silver Plume (?) granite in the south head of the Empire 
Amphitheater, where they are separately mapped.

Pegmatites.—The characteristic pegmatites consist of 
milky quartz, pink or flesh-colored orthoclase or micro- 
cline, and books of biotite. A soda-rich plagioclase is 
a constituent of some veins. In texture the pegmatites 
grade from pegmatitic to typically granitoid. Biotite 
books attain a diameter of three inches and a thickness 
of four inches. Individual masses of potash feldspar 
reach maximum dimensions of six inches on a side. 
Dikes of granitoid texture that cut pre-Cambrian gran­ 
ite do not have sharply marked borders.

The form and position of the pegmatites are highly 
variable. Where they cut pre-Cambrian schists, as 
near the head of South Evans Gulch, they tend to 
follow the schistosity and are continuous for long dis­ 
tances, tapering to thin lenses between the schist lam­ 
inae; elsewhere, as on the north slope of Finnback 
Knob, they cut across pre-foliation planes of the meta- 
morphic rocks and are short and blunt. Commonly, 
the more schistose the rock, the more accordant are the 
dikes with its structure. In the massive rocks their 
form and extent are even more varied.

Aplite.—Aplitic dikes have much the same distribu­ 
tion as the pegmatites, which they generally cut. In 
composition the aplites resemble the pegmatites, but 
it is noteworthy that they generally contain a far 
smaller quantity of dark minerals.

RELATIONS OF THE GRANITES AND RELATED ROCKS 

REASONS FOE SEPARATION

In the Front Range of Colorado, due east of Lead- 
ville, the Pikes Peak and Silver Plume granites have 
been studied with great care and are clearly distin­ 
guishable petrographically and texturally, and the 
Pikes Peak represents an earlier intrusion (Spurr, 
Garrey and Ball, 1908, p. 58). As distinguishing them 
is essential to the correct interpretation of the geologic 
history of the Leadville region, it is desirable to map 
them separately in this region also.

At Climax, 11 miles north of Leadville, a granite has 
been recognized that closely resembles both the typical 
Silver Plume granite (Butler and Vanderwilt, 1931, 
pp. 325-328) and Silver Plume (?) granite at Leadville.

Petrographically similar granite occurs in the Sugar- 
loaf district, 6 miles west of Leadville, and near Weston 
Pass, 11 miles southeast of Leadville along the crest of 
the Mosquito Range. In contrast, granite resembling 
the Pikes Peak granite of the Front Range occurs in the 
Mosquito Range at Buena Vista, south of Leadville. 
The area between Buena Vista and Leadville along the 
crest of the Mosquito Range has not been studied in 
detail, but the relationships described above demon­ 
strate that both kinds of granite occur within a few 
miles of the region here described.

It is not surprising, therefore, to find both types in 
the vicinity of Leadville. It is difficult to distinguish 
them in the field because rock of intermediate char­ 
acter is of common occurrence, suggesting that the two 
apparently distinct granites in the vicinity of Lead­ 
ville are merely fades of one large body. Alterna­ 
tively, the characteristics of the Pikes Peak (?) granite 
might possibly be attributed to a high degree of permea­ 
tion and replacement of pre-Cambrian schists by the 
intruding granitic magma. This process might then 
have been followed by intrusion of a more nearly pure 
magma, represented by the Silver Plume(?). Such an 
interpretation has indeed been offered for a similar 
rock in the Sawatch Range (Stark and Barnes, 1931, 
oral communication).

The writer believes, instead, that there are at Lead­ 
ville two fairly distinctive granites that have intimate 
intrusive relations. In view of their similarity to the 
Pikes Peak and Silver Plume granites of the Front 
Range, their equivalence may best be tentatively ac­ 
cepted and the two petrographic units distinguished 
in mapping. Moreover, it seems desirable to recognize 
the petrographic differences and to draw corresponding 
boundaries as correctly as possible, so that if future 
work should prove the distinctness of the two granites, 
the mapping will already have been completed.

RELATIVE AGES

If the writer's correlation is correct, the coarsel^ por- 
phyritic granite should be the older of the two types as 
it resembles the Pikes Peak granite. In the region 
here studied, however, the field evidence is not ertirely 
conclusive.

On the northwestern side of West Sheridan Mountain 
the porphyritic Pikes Peak (?) granite is cut \rr fine­ 
grained granitic and aplitic dikes, the texture and 
composition of which rather closely resemble those of 
Silver Plume (?) granite. Likewise, at the head of 
South Evans Gulch, just east of the Mosquito fault, 
granitic dikes two feet thick cut coarse porphyritic 
Pikes Peak(?) granite. The rock of these dikes is a 
medium-grained pink granite, with elongate plagioclase 
crystals that are trachitoidally arranged, with their long 
dimensions parallel to the dike walls. The contact be­ 
tween dike rock and surrounding granite is sharp, and
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in places the dike borders show distinct chilled zones, 
evidently because of a marked difference in tempera­ 
ture between country rock and dike rock during the 
crystallization of the latter. The large size of these 
dikes and the similarity of the textures indicate that 
between the emplacement of the granitic country rock 
and injection of the dike material enough time elapsed 
to permit complete crystallization and considerable re­ 
duction in temperature of the main granite masses. 
Each mass probably represents the more superficial 
parts of a deeper intrusive body. If this interpreta­ 
tion is correct the Silver Plume (?) magma of the dikes 
is much younger than the Pikes Peak(?) granite into 
which it was intruded, and may represent another or 
secondary cycle of intrusion.

In Empire Gulch, where both granites are found, the 
contact between large masses of the two kinds of rock 
is nowhere clearly exposed. On the northwest slope 
of Finnback Knob near the valley floor the coarse, 
porphyritic Pikes Peak(?) granite and the Silver 
Plume (?) have an almost horizontal contact. The 
elongate phenocrysts in the latter granite possess their 
usual trachitoid arrangement but, as they are directed 
at right angles to the contact, the impression is gained 
that they represent an earlier structure, cut by the Pikes 
Peak( ?) granite which would therefore be the younger. 
It must be admitted, however, that this evidence is not 
conclusive. In the same general region a loose boulder 
of the Silver Plume (?) granite clearly contains an in­ 
clusion, somewhat rounded as though by partial resorp- 
tion, of the coarsely porphyritic Pikes Peak( ?) granite.

These occurrences and the analogous relations of 
similar rocks in the Front Range indicate that at Lead- 
ville also the Silver Plume (?) is the later of the two 
granites.

AGE OF PRE-CAMBRIAN BOCKS

The age of the pre-Cambrian granitic rocks *iii this 
region has not been determined. However, as the gran­ 
ites have been compared with those of the Front Kange, 
the following statement made by Lovering (1929, pp. 
73-74) regarding the granites of the Front Range may 
also apply here :

The Idaho Springs formation could thus be tentatively 
correlated with the Lower and Middle Huronian, the Pikes Peak 
granite assigned to the early Algoman, and the Silver Plume 
and associated granites to the late Algoman. All these forma­ 
tions would then be included in Algonkian as defined by the 
U. S. Geological 'Survey.

PRE-CAMBRIAN STRUCTURE AND PHYSICAL HISTORY

Because the metamorphic rocks of pre-Cambrian age 
appear in such small and discontinuous exposures, their 
structure cannot be worked out in detail. At most 
places schistosity and sedimentary banding are nearly 
or quite parallel, and both generally have steep dips.

In Iowa Gulch near the trail to the Hilltop mine, the 
schistosity strikes N. 20° W. and dips 60° SW. In 
the upper part of Iowa Amphitheater the regional 
strike of the schists is N. 50° W. and the (?ip is steeply 
northeastward. In the Dyer Amphitheater the strike 
is N. 5° W. and the dip 80° SW. The largest schist 
mass in upper South Evans Gulch has landing that 
strikes fairly uniformly N. 20° W. and dips 45° NE. 
The lowest dips were observed in the most northerly 
exposures—those in the several prospect in upper 
Evans Gulch north of the Best Friend mine and just east 
of the Mosquito fault; the strike of the schistosity here 
averages N. 10° W., the dip is 25° NE In a few 
localities the schistosity strikes northeast.

These scattered observations, even though made on 
isolated inclusions of highly metamorphosed rocks, 
suggest a regional structure in which bedding and 
schistosity dip northeast or stand essentially vertical. 
As there is 110 agreement between this structure and 
that of the overlying Paleozoic sediments, it is evident 
that the dominant pre-Cambrian structure is inherited 
from a period of diastrophism earlier than that to which 
the Paleozoic rocks of the Mosquito Range owe their 
present attitudes—in short, that the structure of the 
metamorphic rocks is of pre-Cambrian origin. Fur­ 
ther, the pre-Cambrian granitic intrusions, though 
locally transgressing the structure of the schists and 
gneisses, also domed these schists and gneisses, pro­ 
ducing a regional northwest strike and northeast dip 
in this part of the range.

This conclusion is in general agreement with observa­ 
tions of Lovering (1930, p. 234) and otHrs for the 
Front Range, and those of Stark and Bp.rnes (1935, 
p. 478) for the Sawatch Range just west cf Leadville. 
In the Front Range, however, the somewhat varied 
strike of secondary structures in the schists is chiefly 
east-northeast or due east. The areas studied by Lover­ 
ing are so far away that they scarcely bear on the local 
structure of the area considered in this report, and those 
studied by Stark and Barnes, in which the schistosity 
and banding were observed to strike northeast, with 
the dip northwest, may simply represent a structure, 
fan-like in ground plan, and with a generally west­ 
ward overturn. According to the interpretation 
offered, the pre-Cambrian rocks of this part of the 
Mosquito Range were folded on northeasterly axes 
and either subsequently or concomitantly intruded by 
granites which formed a cupola or group of cupolas 
with their highest points to the southwest. The region 
was later subjected to erosion, and the Paleozoic sedi­ 
ments were deposited on an essentially peneplained sur­ 
face. The subsequent history of the pre-Cambrian 
schists, gneisses, and granites is in accord with that of 
the overlying Paleozoic rocks.
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PALEOZOIC BOCKS 1 

SAWATCH QUARTZITE

Name.—The name Sawatch quartzite was retained 
from earlier literature (Emmons, Irving, and Loughlin, 
1927, p. 25) for the lower part of a formation formerly 
also called the "Lower" quartzite. Its use as a for­ 
mation name is here restricted to the quartzite of Late 
Cambrian age. The Sawatch is limited to the quartzite, 
generally white and averaging 105 ft in thickness. The 
overlying Peerless formation, by contrast, is of Late 
Cambrian age and consists of 45 ft of light brown or 
buff calcareous, sandy, shale (fig. 11).

Description.—The stratigraphy of the Sawatch 
quartzite varies greatly in detail, but certain features 
are so uniform as to merit mention. The total thickness 
averages 105 ft but varies somewhat from place to 
place, being 100 ft at Weston Pass, a short distance 
south of the area mapped, and 125 ft at Mount Zion, 
just north of it. The formation as a whole thins 
southward and eastward.

The basal bed is a conglomerate about 2 ft thick. 
Its pebbles are well rounded, chiefly of bluish or white 
quartz, and y2 in. or less in diameter; the matrix is 
generally composed of fine white quartz grains, pure in 
most places, but locally somewhat clayey or micaceous.

For some distance, usually about 60 ft above the 
conglomeratic bed, the formation consists of white, 
glassy, quartzite, in beds averaging about 3 ft in thick­ 
ness. Some of these beds weather with a peculiar 
pinkish cast. It is these white beds that form a most 
conspicuous white band on cliffs or other bare surfaces, 
a feature so striking that it may be recognized on West 
Sheridan Mountain from the top of Mount Elbert, 
west of the Arkansas Valley and 14 miles away. Under 
the microscope these beds are seen to consist of slightly 
enlarged, rounded quartz grains, interlocking somewhat 
and set in a matrix of sericite.

Approximately the upper 40 ft of the Sawatch quartz­ 
ite consists mostly of impure gray, buff, and brownish 
sandstone. Many beds have a calcareous cement and 
hence become pitted or honeycombed upon weathering. 
The lower sandstone beds are interbedded with the white 
quartzite described above, so that outcrops have a 
distinctive striped appearance (figs. 12, 13). Higher 
in the sequence, the white quartzite is entirely absent 
and the buff sandstone is the dominant rock type. Here 
the beds average 1 ft in thickness, and crossbedding is 
conspicuous. Because of the solubility of the cement, 
the individual sand grains weather out, resulting in 
a gritty surface very different from the smooth faces 
of the quartzite beds that make up the lower part of 
the formation.

1 See also Johnson, J. H., Paleozoic formations of the Mosquito Range, 
Colorado : U. S. Geol. Survey Prof. Paper 185-B, pp. 15-43, 1934.

998133—53———3

Relation to adjacent formations.—The contact of the 
Sawatch quartzite with the underlying pre-Cainbrian 
crystalline rocks is a remarkably flat surface. On the 
south slope of West Dyer Mountain, on the northwest 
wall of Dyer Amphitheater (fig. 12), and on the east 
wall of the Empire Amphitheater, the basal conglom­ 
eratic bed of the Cambrian can be traced continuously 
for a distance of several hundred feet without visible 
noteworthy depressions in the pre-Cambrian floor on 
which it was deposited.

The upper limit of the Sawatch quartzite is gererally 
marked by a bed of purple or black quartzitic sandstone, 
dark-brown where the cement is oxidized. In places 
where this sandstone is covered or absent, the position 
of the lime between the quartzite and the overlying 
Peerless formation can be drawn within five feet by 
noting the change in character and color of bedrock 
or chips where the more massive, buff-colored sandy 
beds or fragments are succeeded upward by thinner, 
cream-colored shaly beds that alternate with thin 
limestone layers.

Geologic age and correlation.—Small collections of 
fossils were made in two localities—from the cliffs at 
the southeast side of Mount Sherman and from the 
cliffs on the west slope of Peerless Mountain at the 
head of Empire Gulch. At both places the material 
was from loose blocks, but a comparison of lithologic 
features suggests that the fossils are from the upper­ 
most, sandy beds of the Sawatch quartzite. In dis­ 
cussing the collections from Mount Sherman, C. E. 
Eesser of the U. S. National Museum said:

The material . . . contains fairly complete specimens of the 
brachiopod Dicellomus, and hence is to be correlated with the 
lower Upper Cambrian Eau Claire and other formations of that 
age.

Another small collection from the same locality was 
referred to Edwin Kirk of'the U. S. Geological Survey, 
who identified the fossils as a species of Lingulella and 
stated that the age indicated is Late Cambrian. On the 
west slope of West Dyer Mountain a small collection of 
brachiopods was made in the uppermost, locally cal­ 
careous beds of this member. These were identified by 
Edwin Kirk as Eoorthis linecosta Walcott, and referred 
by him to the Late Cambrian.

Brachiopods related to the forms mentioned have 
been collected from the Cambrian in Buckskin Gulch, 
near Alma, on the east side of the Mosquito Range 
(Patton, Hoskiii, and Butler, 1912, p. 51), and r, form 
closely resembling the trilobite DiJ&ellocephalus min- 
nesotensis is reported from talus blocks on Quandary 
Peak, near Alma, by Emmons (1886, p. 60). All these 
fossils point clearly to the Late Cambrian age of the 
Sawatch quartzite.

The lower, more strictly quartzitic beds included in 
the Sawatch may represent the Middle or Early Cam­ 
brian, but it is more probable, considering the absence
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2,000* or less of grit, sandstone, and shale, dominantly 
coarse-grained elastics; rarely limestone beds

200' of light-gray, green, and black shale, with 
intercalated sandstone and rarely limestone beds 
one prominent bed of white quartzite

250* of black carbonaceous shale and 
dense dark fossiliferous limestone

44' of massive blue-gray magnesian limestone 
with shaly layers at top: black chert is common

90' of blue-gray magnesian limestone

6' of limestone conglomerate and sandstone

Dyer dolomite member 
80'

40' of banded light and dark magnesian limestone

5' of ocher-colored limestone

35' of light-gray dolomite

Parting quartzite member, 27* 19* of white sugary quartzite; 8' of variegated shale

30' of gray limestone with fossil casts and a little chert

60' of granular light -gray limestone, white chert

201 of light -gray limestone and greenish shale 

20' of impure limestone with "red cast beds'' 

25' of thin-bedded shaly sandstone

5' of dark-brown to purple quartzite 

40' of alternating white quartzite and brown sandstone

60' of white glassy quarlzite, 2' of basal conglomerate

Granite, gneiss, schist
Porphyritic to equigranular gray or pink granite 

and orthogneiss: biotite, sillimanite, and 
hornblende schist, dike rocks

FIGURE 11.—Generalized stratigraphie column of Leadville region; to scale, but full thickness of Weber (?) formation
not shown.
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FIGURE 12.—Section showing pre-Cambrian and Paleozoic rocks; length 
of the face shown 1,800 feet; exposure on western wall, L>yer Amphi­ 
theater.

FIGURE 13.—Typically banded white quartzite of Cambrian age.

of marked lithologic breaks separating them from the 
overlying more sandy beds, that they are of about the 
same age as the sandy beds and that no deposits were 
laid down before Late Cambrian time in this part of 
Colorado.

PEERLESS FORMATION

Name.—The strata above the dark beds of the 
Sawatch quartzite have been described in earlier reports 
under the term "transition shales" but, as they are 
readily distinguished from the underlying quartzite 011 
a lithologic basis, it has proved desirable to recognize 
them as constituting a distinct formation, the lower 
limit of which is drawn at the top of the dark quartzite 
already mentioned. To the shaly, sandy, and calcareous 
beds thus distinguished from the Sawatch quartzite as 
here more closely defined, the name Peerless shale mem­ 
ber was applied (Behre, 1932, p. 58). This member is 
now ranked as a formation, The type exposure is on 
the northwest slope of Peerless Mountain, 7 miles east- 
southeast of Leadville.

Description.—The Peerless formation is divisible 
into two parts. The lower part consists of 20 to 30 ft 
of thin-bedded, shaly sandstone with a few quartzitic 
layers up to 1 ft thick. The upper part consists of 20 
to 25 ft of impure sandy and shaly limestone, largely 
brick-red, in beds as much as 2 ft thick. Many of these 
upper beds show f ucoidal markings, and very character­ 
istic "red casts." These are circular, ovoid, or disk- 
shaped bodies suggesting in form irregular pebbles or 
the "edgewise conglomerate" of many limestones, and 
stained at their margins with red iron-oxide so that 
they are conspicuous on weathered surfaces and look 
like coprolites or like casts of fossils. They are sup­ 
posedly characteristic of the upper part of the Peerless 
formation, but they have been found through a thick­ 
ness of 30 ft of sediments, and thus extend well down 
into the lower part of this stratigraphic unit.

Despite the lime content of the Peerless formation, 
no alteration is observed in the region described. At 
Leadville, in some mineralized ground, leaching by 
solutions has locally produced a little "dolomite sand" 
similar to that described on a later page for the Lead­ 
ville and Manitou dolomites.

The thickness of the Peerless formation ranges from 
40 to 55 ft; it is generally about 45 ft.

Relation to adjacent formations.—In contrast to the 
generally sharp lower boundary already described, the 
upper limit of the Peerless formation is gradational. 
The line is drawn somewhat arbitrarily where limestone 
becomes the dominant rock. At places where, for lack 
of exposures, the upper boundary is in doubt, a thick­ 
ness of 45 ft for the Peerless has been assumed—a pro­ 
cedure which experience has shown to be sufficiently 
accurate for purposes of mapping.

Geologic age and correlation.—The age of the Peer­ 
less formation is in doubt. In the area described no 
fossils have been collected from it. Johnson (1934, p. 
20) refers it to the middle or late Late Cambrian on the 
basis of fossils found in the Alma district. In the Man­ 
itou region, intercalated red calcareous sandstone and 
white limestone beds 105 to 122 ft above the pre-Cam­ 
brian are said to contain a Lower Ordovician fauna 
(Schuchert, oral communication). The lithologic.de­ 
scription of these beds is suggestive of the Peerless, but 
such a lithologic correlation is weak. The possibility 
is thus opened that the Peerless is of Early Ordovician 
age. On the basis of the evidence cited by Johnson, 
however, it will continue to be classified with the 
quartzite member as of Late Cambrian age.

MANITOU DOLOMITE

Name.—The light-gray highly dolomitic limestone, 
averaging about 110 ft in thickness, that overlies the 
Peerless formation was formerly known as the "White" 
limestone. As its correlation with the Manitou lime­ 
stone of the eastern slope of the Front Range in Colo-
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rado has now been established by Kirk (1931, p. 222), 
the name Manitou will be used in this report. The term 
dolomite, however, is preferable to limestone in this 
report, for the formation consists dominantly of dolo­ 
mite in the Leadville area. The term Yule limestone, 
applied by Emmons (1898, p. 1) and later authors, has 
been discarded for use in the publications of the United 
States Geological Survey, as Kirk (1931, pp. 225-226) 
has shown that as originally applied it included rocks of 
ages at least as diverse as Early Ordovician, Late 
Ordovician, and Devonian.

Description.—The Manitou dolomite is a moderately 
uniform, finely crystalline, white, light-gray, or very 
faintly pinkish rock. Its thickness is somewhat varied, 
the measured extremes being 93 ft on Dyer Mountain 
and 150 ft on Horseshoe Mountain. On the east side 
of the Mosquito Range the thickness is even more 
varied, being as little as 44 ft on Mount Lincoln (Singe- 
wald and Butler, 1931, pp. 392-393). The smaller 
thicknesses are due to erosion following the Ordovician 
and preceding the Devonian.

In general the lower 20 ft of the Manitou dolomite 
contains two kinds of rock. One is a light-gray dolo­ 
mite, which weathers to buff or faintly pinkish and 
most of which forms beds as much as 1 ft thick; the 
other consists of intercalated layers of greenish shale 
averaging 2 in. in thickness. This subdivision is suc­ 
ceeded by about 60 ft of light-gray, granular dolomite 
(fig. 14) which weathers to a very light color and forms 
beds having a thickness of 2 or 3 ft. The texture of 
these higher beds is sugary because of the fine dolomite 
crystals of which they are composed. White chert, in 
layers as much as 2 in. thick, but more commonly in 
discontinuous beds or nodules, is conspicuous, and a 
fine tracery or ribbing of silica appears on the weathered 
surface parallel to the traces of the beds. The upper­ 
most 30 ft of the Manitou is similar to the division 
last described, except that chert is less plentiful, the 
color is slightly darker, and conspicuous oolitelike 
markings, with diameters of a quarter of an inch, stand 
out as darker blotches on the light-gray surface. These 
markings, especially, may safely be used as horizon 
markers of the upper part of the formation.

The microscopic features of the rock have already 
been described (Emmons, Irving and Loughlin, 1927, 
p. 28); a brief summary follows. The dominant mass 
consists of dolomite crystals ranging from 0.02 to 1.0 
mm in diameter; the smaller grains are the more com­ 
mon. Some calcite is readily discernible; it tends to 
surround dolomite grains, indicating that there has 
been recrystallization after deposition. A little quartz 
fills interstices among dolomite grains and completely 
encloses some of them; the presence of cryptocrystal- 
line silica is inferred but not proved. Small quanti-

FIGUEE 14. — Typical exposure of Manitou dolomite ; note absence of 
color banding, but presence of crosscutting "sheeted" structure and 
of faint ribbed markings showing bedding.

ties of minerals resembling sericite and kaolin are also 
present.

Chemical composition. — Emmons, Irving and Lough­ 
lin (1927, pp. 28-29) discussed at length the chemical 
composition of the Manitou dolomite. Their work is 
only briefly reviewed here ; for more details the reader 
is referred to the pages cited.

Representative analyses of Manitou dolomite

24.26
15.48

CaO_.__ — — — — — — — — — — — — — _ 26.60
MgO _ _ _____ ----- ___ - __ _- __ _- 17.41
FeO— -------- _ __ — ——— _ — _ ——— __ .83 __ . __
CO___.. — — — — —— ——— — ——— — — — 40.01 36.26
SiO2 _ _____________ _ _ _ — — _ —— ___ 11.84 22.71
A12O3 - — _ _ _ _______ ___ -__ —— _— 1.66 1.18

— ——— ——— — —— ——— —— — 1.51 -------
----- __ „_ _ ——— ———— _ ———— _ .029 _______

K_O____ — ———— ——— — ———— — — — .017 _______
H2 O_ _ _ ————— __ ————— _ — _ ———— __ .48 _______
SOs--------------- ------ --------- ------
P2 0_____ — ——— — ——— — ._ ____ _ — __-- Trace
Cl_. ___ — —— —— _ — . ___ — -___ ___ .05 ______
!_____ ___ _________ _____________ Trace ______
Organic matter. _________________________ ______ Trace

.07 

.10

Total______________________ 100.436 100.06

1 U. S. Geol. Survey Mon. 12, p. 65; W. P. Hillebrand, Analyst.
2 Ricketts, L. D., The ores of Leadville and their mode of occurrence as illustrated in 

the Morning and Evening Star mines, Princeton, 1883.
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Below are given the ratios of dolomite to calcite re­ 
calculated from six analyses that were selected as repre­ 
sentative.

Ratio of dolomite to calcite in Manitou dolomite

Dolomite- 
Calcite __

________98.2 92.7 98.5 82.1 81.0 87.0 
-_______ 1. 8 7. 3 1. 5 17. 9 19. 0 13. 0

Similar ratios are obtained from microscopic studies.
Alterations.—In some mines at Leadville the Manitou 

dolomite is seen to be disintegrated into material re­ 
sembling sand. In this material the separate grains 
are chiefly rhombs of dolomite. The disintegration is 
the result of dissolving away the calcite peripheries of 
interlocking crystals or the intergranular calcitic and 
possibly dolomitic cement, apparently by ground-water 
or hydrothermal action or both. This kind of altera­ 
tion was not observed in the area here described, but 
may well have occurred in some of the mines that are 
no longer accessible. Beds thus altered cause serious 
difficulties in mining.

On the south slope of Printer Boy Hill, near the 
Lillian mine, another type of alteration has taken place. 
The altered rock was not observed in place, but the 
dump furnished specimens. The product is a dense, 
light gray-green rock, in which lenses of blue-gray 
cryptocrystalline silica and irregular blebs of white 
talcose material are conspicuous. Under the micro­ 
scope with low-power lenses the rock has the general 
appearance of a typical limestone, except that it is more 
coarsely granular. Examined under high power, how­ 
ever, it shows large areas of yellowish-brown epidote, 
generally centered around tiny fractures, and areas of 
irregular, faintly iron-stained masses of finely crystal­ 
line quartz. There are also poorly formed fibers of a 
light-colored amphibole, probably tremolite. These 
minerals are all embedded in a matrix of closely inter­ 
locking carbonate crystals.

Alteration like that described probably took place 
only under conditions of medium or high temperature 
and mineralization was intense. Its occurrence near 
the magnetite-gold veins of Printer Boy Hill is 
significant.

Relations to adjacent formations.—As the lower 
boundary of the Manitou dolomite is not sharply 
marked against the subadjacent shales of the Peerless 
formation, the latter are commonly included with the 
Manitou, thus introducing considerable variation in 
measurements of thickness made by mining companies.

In places the Manitou dolomite appears to be grada- 
tional into the overlying Parting quartzite member of 
the Chaffee formation. The change occurs through 
thin, shaly, reddish, or green beds, but more commonly 
these beds differ sharply from the sandy beds typical 
of the overlying quartzite. Striking differences in 
thickness from place to place (fig. 15) and the wide­ 
spread absence of the Harding sandstone and Fremont

limestone, which elsewhere in Colorado lie between 
the Parting quartzite member of the Chaffee and the 
calcareous beds of the Manitou, point definitely to an 
erosional unconformity above the Manitou (Behre, 
1932, p. 59).

Geologic age and correlation—The fosils collected 
from the Manitou dolomite in this region do not furnish 
conclusive evidence regarding the exact age of all of the 
beds in this formation. The identification and sig­ 
nificance of fossils of supposed Magaran age (Emmons, 
1886, p. 61) reported from California Gulch, just south 
of Leadville, may well be doubted, as has been pointed 
out by Girty (Emmons, Irving, and Loughlin, 1927, 
p. 30). Fossils of Early to Middle Ordovician age are 
reported by Emmons (1886, p. 62) from the Manitou 
limestone in the Dyer Amphitheater, and on West 
Sheridan Mountain and are of greater significance. 
Edwin Kirk and the writer made a small collection of 
fossils, largely silicified, on the west slope of West Dyer 
Mountain; in this collection Kirk identified SyntropMa 
sp., Colpoceras sp., and Piloceras sp. He adds that 
these fossils are characteristic of the Manitou limestone 
of Colorado and substantiate its correlation with the 
Beekmantown of the eastern United States. From his 
field studies of the type section of Eldridge's Yule lime­ 
stone on lower Cement Creek in the Anthracite-Crested 
Butte region, Kirk (1931, p. 225') also concludes that 
the lower part of the Yule—the stratigraphic equivalent 
of the "White" limestone [Manitou dolomite] at Lead­ 
ville—is to be correlated with the Manitou limestone of 
the section at Manitou Springs, the type locality (Fin- 
lay, 1916, p. 6). From two different lines of evidence, 
therefore, it is clear that the "White" limestone of the 
Leadville section is of Early Ordovician age.

CHAFFEE FORMATION

It was formerly thought that the Parting quartzite, 
which at Leadville overlies the Manitou dolomite, was 
of Ordovician age; hence it was tentatively grouped 
with the Manitou under the term "Yule formation" 
(Emmons, Irving, and Loughlin, 1927, pp. 31-32). 
The lower part of the limestone overlying the Parting 
(the Blue limestone of earlier reports) was tentatively 
referred to the Devonian. Later, both the Parting 
quartzite and the lower part of the Blue limestone of 
earlier usage were found to be of Devonian age (Behre, 
1929, pp. 38-39), and Kirk (1931, pp. 229-230) there­ 
fore proposed the name Chaffee formation for the 
Devonian rocks of the region. Two divisions of the 
Chaffee are recognized: the term Parting quartzite is 
retained for the lower member (after the Parting Spur 
which separates the Dyer and Evans Amphitheaters, 
5.5 miles east of Leadville) and the Dyer dolomite 
(Behre, 1932, pp. 59-60) for the upper member (after its 
typical exposures at West Dyer, Dyer Mountains, and 
Dyer Amphitheater, 5 miles east of Leadville, fig. 16).
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FIGURE 16.—View down upon West Dyer Mountain from Dyer Mountain. 
Cl, Leadville dolomite; Dd, Dyer dolomite member of Chaffee forma­ 
tion ; Dp, Parting quartzite member of Chaffee formation ; Otti, Mani- 
tou dolomite ; C, shale of Peerless formation and Cambrian quartzite ; 
Tew, early White porphyry.

The Dyer dolomite corresponds to the lower part of the 
Blue limestone of earlier reports. These more recent 
correlations, subdivisions, and names are used in this 
report.

PARTING QUARTZITE MEMBER

Description.—The Parting quartzite was originally 
so called because it parted the underlying "White" 
limestone (now known as the Manitou) from the upper 
or "Blue" limestone. At Leadville the Parting quartz­ 
ite is for the most part a sugary, q,uartzitic sandstone. 
It varies in color between white and light buff or faintly 
pinkish gray; the pinkish tone is noteworthy only in 
contrast with the gray and light yellowish-buff of the 
overlying and underlying limestones, yet, once recog­ 
nized, it serves as a distinguishing feature in cliff ex­ 
posures. Cross bedding is common, and especially con­ 
spicuous on weathered surfaces (fig. 17). In detail the 
sequence is not constant from place to place (fig. 18) ;

FIGURE 17.—Parting quartzite member of Chaffee formation, showing 
typical honeycombing on •weathering; note suggestions of Irregular 
bedding ; length of specimen, 4 inches.

usually it consists of alternate sandy and conglomeratic 
beds. The sand grains are not very well rounded; 
their mean diameter is about 0.5 mm. Few individual 
grains in the more coarsely granular layers exceed 1.5 
mm in diameter. Sparse flakes of white mica consti­ 
tute the primary constituent. Locally some beds are 
highly calcareous, being essentially sandy limestones, 
and even in the purer sandstone beds calcareous cement 
is not lacking. Aluminum silicates resembling kaolin 
contribute to the cement, giving certain beds a strong 
clayey odor. The most common cementing material, 
however, is secondary silica; by its deposition the quartz 
grains have been enlarged and are made to interlock. 
Glauconite was seen in the lower quartzitic beds on 
Empire Hill.

A feature to which attention was directed by Em- 
mons, Irving, and Loughlin (1927, p. 30) but which 
has otherwise been generally ignored, is the shale that 
underlies the strictly quartzitic beds in many places. 
This material weathers so easily that it is generally 
worn away at the outcrop; as a result a small overhang­ 
ing cliff is produced by sapping and from it blocks 
of the overlying quartzite slump or fall down and 
partly or wholly conceal the shale. The color of these 
shale beds is highly varied, the most conspicuous hues 
being brick red and light olive-green. Their total 
thickness is approximately 2 ft at most.places, but is 
highly varied. They comprise about 1 ft of light 
greenish-gray shale on the south slope of Mount Zion, 
4 miles north of Leadville ; 3 ft of brick-red sandy shale 
on the east slope of West Dyer Mountain in the head 
of the Evans Amphitheater; probably as much as 5 
ft of very poorly exposed red sandy shale on the south­ 
east slope of East Ball Mountain, 5 miles east-southeast 
of Leadville; and 22 ft (of which the lower 18 ft are 
brick red and the upper 4 ft light gray-green shale) 
at Weston Pass, 10 miles southeast of Leadville.

At Weston Pass, as at Aspen (Spurr, 1898, p. 21), 
the red shale overlying the Manitou dolomite contains 
fish plates. These fossils were thought by Girty to 
indicate Devonian age. Somewhat similar fish plates 
are known from the Ordovician Harding sandstone, 
which is not present at Leadville but does crop out 
along the highway west of Trout Creek Pass, 26 miles 
southeast of Leadville. The presence at Trout Creek 
Pass of a sandstone containing fish plates but of Ordo­ 
vician age has caused some, uncertainty regarding the 
age of at least the lower, shaly part of the Parting 
quartzite member of the Chaffee. The occurrence of 
fish plates in these two apparently different horizons 
has been discussed elsewhere (Kirk, 1930, p. 458; Behre 
and Johnson, 1933, pp. 476-483). In the Gold Brick 
district (Crawford and Worcester, 1916, pp. 54-55; 
Kirk, 1931, p. 228) at the northern end of Taylor Park, 
beds similar to the red shales in question occur well 
above the highest recognized Ordovician and just below
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OILMAN SECTION MT. ZION, EASTERN 
SECTION

MT. ZION, WESTERN 
SECTION

FRYER HILL 
(PROF. PAPER 148)

MT SHERMAN 
SECTION

EAST BALL MTN 
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WESTERN PASS 
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Quortzite Sandstone Conglomeratic qucrtzite Conglomeratic sandstone Green shale or white shale Red shale Dalomitic limestone

FIGURE 18.—Diagram to show variations in thickness and lithologic character of Parting quartzite member of the Chaffee formation.
To scale.

a quartzite which, on the basis of stratigraphic relations 
and lithology, is almost certainly the Parting; these 
facts strongly indicate, though they do not prove with 
absolute certainty, that the variegated shales just under 
the quartzitic beds of the Parting at Leadville actually 
should be grouped with the Parting quartzite as part 
of a stratigraphic unit—the Parting quartzite member 
of the Chaffee formation.

The thickness of the Parting member is varied, as 
shown in figure 18, but averages about 27 ft. It is thick 
on Mount Zion, just north of the East Fork of Arkansas 
River, thins in the direction of Leadville, and gradually 
thickens again southward. It is 35 ft thick on Mount 
Zion, 19 ft on Mount Sherman, 21 ft on West Dyer 
Mountain, and 25 ft in the Empire Amphitheater. 
At Weston Pass the thickness is much greater—about 
62 ft. These variations may be due to erosion before 
deposition of the overlying Dyer dolomite member, or 
to irregularities in the surface on which the beds were 
deposited and to local irregularities in deposition— 
such as might be expected in a shore facies; the writer 
considers the latter explanation, given by Singewald 
(1931, pp. 407-413), the more probable one.

Alteration.—The siliceous beds of the Parting quartz­ 
ite member are generally so resistant to the action of 
solutions that they show neither contact metamorphism 
nor hydrothermal alteration by mineralizing solutions. 
The shaly layers at the base, however, are slightly 
altered, having a mottled color and scattered small 
sericite flakes. Locally in some of the areas of more 
intense mineralization, as at Leadville, the rock has 
been somewhat silicified and slightly replaced by sulfide 
ores (Emmons, Irving, and Loughlin, 1927, p. 31) ; 
in such places the calcareous and clayey matrix has 
probably been the chief material affected, but the 
quartz grains also have been sericitized to some extent.

Geologic age.—When the writer began his studies in 
the Mosquito Range the Parting quartzite was still 
regarded as being possibly of Ordovician age (Behre, 
1929, p. 40) in conformity with the statements in 
earlier reports on the Leadville district. However, 
Kindle and Kirk maintained (Kindle, 1909, pp. 11-13; 
Kirk, 1931, p. 234) that the scanty fauna of the Parting 
quartzite or its equivalent is of Late Devonian age, 
and Johnson and the writer found (Behre, 1932, p. 59; 
Behre and Johnson, 1933, p. 481) that the typical Part-
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ing quartzite of the Mosquito Range is separated by an 
erosional unconformity from the underlying Manitou 
dolomite. It appears, therefore, that the Late Devonian 
age of the Parting, quartzite is established.

Relation to adjacent formations.—The unconformity 
between the Manitou dolomite and the base of the Part­ 
ing quartzite member of the Chaffee has been described 
above. The upper limit of the Parting is fairly defi­ 
nite, but presents no evidence of an erosion surface; in 
fact, in the exposures near Leadville, the sandy upper 
beds of the Parting quartzite grade upward into the 
overlying Dyer dolomite through sandy limestone, and 
no definite boundary between the two members can be 
recognized. Emmons (1886, p. 61) reported an angu­ 
lar breccia in the "Blue" limestone above the Parting 
quartzite and regarded it as evidence for an unconform­ 
ity. The locality in which these relations were found 
by him could not be identified by the writer, but the 
breccia is interpretable as a limestone conglomerate, 
such as is commonly associated also with a higher sand­ 
stone unit that forms the base of the Mississippian. It 
is at least possible that erosion during the interval 
between deposition of the local Devonian and Missis­ 
sippian rocks may in places have removed the 60 to 80 
ft of Devonian strata that commonly overlie the Part­ 
ing. In such places the succeeding Mississippian Lead­ 
ville dolomite rests directly on the remaining Parting 
quartzite. These relations, however, would obviously 
not afford grounds for separating the Parting from the 
overlying dolomitic limestone beds of recognizably Late 
Devonian age.

DYER DOLOMITE MEMBER

Description.—The Dyer dolomite member, which was 
the lower or Devonian portion of the Blue limestone of 
earlier reports, in general resembles the upper, Missis­ 
sippian part of the "Blue limestone," but differs in two 
conspicuous respects: (1) it is almost free from chert 
and (2) its color, taken as a whole, is less blue-gray and 
more light-gray, buff, or yellowish. Two typical sec­ 
tions are given below:

Section of Dyer dolomite member of the Chaffee formation— 
South Slope of Mount Zion

Feet
Lower part of Leadville dolomite: 

Dolomitic limestone beds. 
Conglomerate of dolomite boulders with coarse

sandstone. 

Dyer dolomite member of Chaffee formation:
7. Dolomitic limestone beds up to 3 ft thick; banded

in dark and light shades of blue-gray_______ 24. 5 
6. Dolomitic limestone beds, blue-gray, 1 ft or less 

thick, separated by shale beds 1 to 4 in. thick 
and greenish or reddish in color_________ 10 

5. Yellow, thin-bedded shaly limestone, irregularly
cross-bedded_—___________________ 8 

4. Shattered, irregularly bedded, slightly sandy lime­ 
stone—————————__—____________—__ 1. 5

3. Pinkish dolomitic limestone, in beds 6 in. thick_ 8 

99S133—53———4

Feet
2. Shattered, nodular dolomitic limestone, brown_ 2 
1. Light-gray, blocky dolomitic limestone in beds

1 ft thick______________:_________ 41.5

Total_____________________________ 95. 5 
Upper part of Parting quartzite member of Chaffee 

formation:
Pink, slightly conglomeratic quartzite.

Section of Dyer dolomite member of Chaffee formation— 
West Dyer Mountain

Feet 
Lower part of Leadville dolomite:

Very sandy dolomitic limestone, light-buff in color. 

Dyer dolomite member of Chaffee formation :
5. Dense, blue-gray dolomitic limestone in massive

beds; faintly banded—____—____——_— 14 
4. Brownish-spotted, gray dolomitic limestone, dense­ 

ly granular; weathers into beds 1 in. thick____ 37 
3. Light blue-gray dolomitic limestone, with platy 

fracture; weathers to conspicuous ocher color; 
a good horizon marker because of its conspicuous 
color___________________________ 4 

2. Massive, light-gray, buff-weathering dolomitic lime­ 
stone in massive beds-__________-_-__ 30 

1. Very sandy crystalline dolomitic limestone, me­ 
dium-fine to locally coarse-grained; color light 
buff____________________________ 14

Total_____________________________ 99 
Upper part of Parting quartzite member of Chaffee 

formation: Pink, coarsely granular quartzite, locally 
conglomeratic.

As indicated in these sections, most of the Dyer dolo­ 
mite member is light gray or blue gray, somewhat 
banded dolomitic limestone. The banding is especially 
conspicuous in the higher beds (fig. 19). Individual 
bands are generally 1 in. or less thick and are con­ 
spicuous on the weathered surface, but far less so in the 
fresh rock. A few limestone layers bear "fucoid" 
markings, light on a dark background, or the reverse. 
The buff or yellow bed near the middle of the Dyer 
member (No. 5 in first section and No. 3 in second sec­ 
tion), which weathers to an ocherous color, is an es­ 
pecially good horizon marker as it is conspicuous at 
some distance and lies at a fairly constant height above 
the top of the Parting quartzite.

In general, the dolomitic layers are well recrystal- 
lized and relatively impervious like the overlying Lead­ 
ville dolomite but the Leadville is denser and the crys­ 
tals are smaller and more closely crowded. The Dyer 
dolomite is intermediate, with regard to crystal size, 
between the Leadville and the Manitou dolomites.

Although the calcareous layers are locally shaly and 
more sandy, the formation as a whole is a dolomite and 
the impurities are inconspicuous, with the single ex­ 
ception of the somewhat sandy beds immediately over­ 
lying the Parting member.

Alteration of the Dyer dolomite is essentially iden­ 
tical with that of the Leadville dolomite as described 
on pages 37, 38.
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FIGURE 19.—Characteristic appearance of Dyer dolomite member (lower 
"Blue" limestone) of Chaffee formation ; note blocky fracture and 
contrast in color shading between successive beds.

The average thickness of the Dyer member is about 
80 ft. It is 98 ft thick on Mount Zion, north of the 
East Fork of Arkansas Eiver, 78 ft on the east slope 
of Dyer Mountain, 82 ft on Mount Sherman, and 71 
ft in the Empire Amphitheater. At Weston Pass, 
about 10 miles south of Leadville, it is 75 ft thick, and 
at Gilman, 20 miles north of Leadville, 78 ft. The thick­ 
ness thus appears to be fairly uniform along the Avestern 
slope of the Mosquito Range.

Relation to adjacent formations.—The relation of the 
Dyer dolomite member to the underlying Parting 
quartzite member was discussed above. There is no 
conspicuous discordance to facilitate separation of the 
Dyer dolomite from the overlying Leadville dolomite, 
but a lithologic change is everywhere observable—a 
thin layer of sandstone generally overlain by a lime­ 
stone conglomerate. This zone, though not conspicu­ 
ous, has been recognized in this region by the writer 
wherever he sought it, from Gilman, 20 miles north of 
Leadville, to Weston Pass, 10 miles southeast of Lead­ 
ville. The sandstone bed indicates a noteworthy change 
in sedimentary conditions, and almost certainly the 
boundary between the Devonian and Mississippian 
beds should be drawn at its base.

Geologic age and correlation.—At Glenwood Springs 
the dolomitic limestones were correlated with the Dyer 
on the basis of stratigraphic relations and lithology,

and here Kirk (Personal communication, 1929) found 
a species of Fenestella thought to show Devonian affini­ 
ties ; this agrees with Kindle's earlier conclusion based 
on an abundant Devonian fauna (Kindle, 1909, p. 9). 
At Red Cliff a 78-ft zone of gray dolomitic limestone 
lies between the top of recognizable Parting quartzite 
and a brown sandstone with associated limestone con­ 
glomerate that resembles the beds on top of the Dyer 
at Leadville. Syringopora, with characteristics that 
are probably Devonian (Kirk, 1931, p. 237-239) was 
found in the gray dolomitic limestone. From the same 
horizon at Gilman a small fauna, including Spirifer 
wfaitneyi animanensis, was collected by Gibson; on this 
basis these beds likewise were tentatively referred to 
the Devonian by the geologists of the Colorado Geologi­ 
cal Survey (Crawford and Gibson, 1925, pp. 37-38). 
Finally, Syringopora was also found in the Dyer dolo­ 
mite on west Dyer Mountain at Leadville; this is the 
only occurrence of fossils in the Dyer dolomite of the 
Leadville district of which the writer is aware. All 
these facts support Girty's conclusion (Girty, 1903, pp. 
161-162), with which Kirk (1931, pp. 237-239) agreed, 
that the unit here called the Dyer dolomite is of Late 
Devonian age and is the stratigraphic equivalent of 
the Ouray limestone as recognized in the San Juan 
region by recent authors (Cross and Larsen, 1935, pp. 
33-34; Burbank, 1941, pp. 194-196).

The exact age of this fauna was formerly somewhat 
in doubt, for it was considered early Devonian by some 
writers and late Devonian by others. The most definite 
statement on this subject is that of Girty (1900, pt.2, 
p. 35), who concluded that the part of the Ouray lime­ 
stone here regarded as equivalent to the Dyer dolo­ 
mite—

was deposited certainly no earlier than Middle Devonian time, 
and that its deposition may have taken place as late as early 
Upper Devonian time.

Kindle (1909, p. 13) referred the fauna to the Upper 
Devonian without comment.

LEADVILLE DOLOMITE

Nomenclature.—The term Leadville limestone was 
formerly used, synonymously with Blue limestone of 
earlier writers, for all sedimentary rocks in the Lead­ 
ville district between the Parting quartzite member of 
the Chaffee formation and the Pennsylvanian Web­ 
er (?) formation. Subsequently it was shown that the 
sequence could be divided into a lower part of Devonian 
age named the Dyer dolomite member of the Chaffee 
formation, and an upper part of Mississipian age, 
the Leadville dolomite (Girty, 1903, pp. 161-162; 
Behre, 1929, pp. 38-41; Kirk, 1931, pp. 226-227), which 
in the region around Leadville consists almost en­ 
tirely of dolomite. The beginning of Mississippian 
sedimentation is marked by sandy beds or by a con­ 
glomerate of limestone or dolomite, or both. The
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writer follows Kirk in restricting the term Leadville 
dolomite to the upper part of the Blue limestone of 
earlier writers—in other words, to rocks of Mississipian 
age. There are, however, localities where the contact 
between the Dyer and the Leadville dolomite is not 
determinable; for such localities the name "Blue" lime­ 
stone will be applied in its original sense.

Description.—In general appearance the Leadville 
dolomite is not very different from the underlying 
Dyer dolomite member of the Chaffee formation. The 
basal layer is a buff-colored, buff-weathering bed of 
sandstone 1 to 2 ft in thickness. It consists of well- 
rounded quartz grains of medium size set in a calcareous 
matrix; in places the matrix is siliceous and the rock 
resembles an impure quartzite, but is friable. This 
bed contrasts sharply with the blue-gray dolomite above 
and below.

Above the sandstone there is almost everywhere a bed 
or series of beds, aggregating about 4 ft in thickness, 
of subangular or poorly rounded limestone or dolo­ 
mite conglomerate or breccia (fig. 20). The matrix is 
calcareous sand, weathering to faintly buff. The in­ 
dividual blocks in this conglomerate consist of blue- 
gray, light gray, dark gray, or almost black dolomitic 
limestone, probably derived from the Dyer. In size 
the blocks vary greatly; an average diameter is about 2 
in. but there are some blocks 6 in. across; others are 
much smaller. The average size of the conglomerate 
blocks varies from place to place. Thus, at the head 
of Alps Gulch between Ball and East Ball Mountains 
individual blocks average 5 in. in diameter, whereas on 
the south slope of Mount Dyer they average only 1 in. 
across. The general appearance of the breccia is that 
of a talus agglomerate rather than of cemented reef 
fragments. It suggests an accumulation of debris at 
the foot of cliffs composed of Dyer and Manitou dolo­ 
mites that were being cut by waves during the advance 
of the Mississippian sea.

FIGURE 20.—limestone breccia at base of the Leadville dolomite; frag­ 
ments are from beds in the Leadville and Dyer strata.

These two zones comprise what for the sake of brevity 
is here called the basal sandstone of the Leadville dolo­ 
mite. Although the description given above is gener­ 
ally correct, there are many localities in which one or 
the other zone is lacking. Moreover, the succession is 
not strictly adhered to—several beds of conglomerate 
may be separated by sand lenses, or the conglomerate 
may appear below, overlain by a very thin bed of sand­ 
stone. However, no place was found near Leadville 
where the base of the Mississippian sequence is not 
indicated by one or the other kind of rock. Even in the 
poorer exposures in the immediate environs of Lead­ 
ville, where alteration has obliterated many of their 
original features, beds suggesting this horizon were 
identified by Emmons, Irving, and Loughlin (1927, p. 
34), who remarked, "These quartzite beds are the only 
lithologic suggestion of a boundary between the Missis­ 
sippian part of the Leadville limestone above and the 
Devonian(?) part below." The horizon has been 
identified with certainty both at Gilman, north of Lead­ 
ville, and at Weston Pass to the south.

The petrology of the overlying layers of dolomitic 
limestone varies. The average thickness of the beds is 
between 3 and 6 ft, the lower beds being commonly the 
thinner. In general the beds are gray. Whether 
fresh or weathered they have a bluish tint, in contrast 
with the predominantly light gray or pinkish color of 
the Manitou dolomite and with the yellowish tones 
characterizing some of the Dyer dolomite. Banding is 
not as conspicuous as in the upper part of the subjacent 
Dyer dolomite. As a rule the rock is finer-grained than 
in the Dyer, crystal faces rarely showing on the fresh 
fracture. Some of the uppermost beds, however, espe­ 
cially where near intrusive masses of porphyry, are 
recrystallized and contain rhombs of carbonate as much 
as % in. in diameter. The same uppermost beds on 
weathering acquire such a peculiar speckling of white 
and dark-gray areas that they are called "pepper-and- 
salt" beds by the miners. The speckling is apparently 
due to an irregular concentration of the sedimentary 
carbon in the recrystallized carbonate.

Throughout the Leadville dolomite, but especially in 
the upper beds, there are discontinuous layers of black 
chert nodules, in contrast with the white chert of the 
Manitou dolomite. A few faint impressions of fossils 
have been found in them, but no well-preserved speci­ 
mens. On weathering, the chert may become dark gray, 
but more commonly acquires a rusty, ocherous color, in 
striking contrast to the dark gray of the dolomite. 
These layers of silica nodules characterize certain strat- 
igraphic horizons and are considered to be the results 
either of primary deposition or of a diagenetic process.

Locally, there occur discontinuous beds of limestone 
breccias resembling the breccia at the base of the Lead­ 
ville dolomite. They seem to represent intraforma- 
tional conglomerates or sedimentary breccias. Some
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sections, such as the very complete one in Dyer Amphi­ 
theater, contain none of these beds, but one is seen at 
Iowa Amphitheater and two on Zion Mountain.

Streaks, bands, and blotches of white dolomite are 
common in the upper part of the Leadville dolomite. 
In places a porous or cavernous structure is seen, the 
openings of which are surrounded with white dolomite 
crystals whose free faces form glistening surfaces. 
Such altered masses may be as much as 2 ft in diameter. 
These banded areas of light and dark dolomite are 
popularly called "zebra rock" (figs. 21-23). The white 
dolomite of the "zebra rock" is not chemically different

FIGURE 21.—Early stage: blue-gray limestone or dolomite is somewhat 
fractured, cracks being filled with white dolomite; specimen is 3 
inches long.

FIGURE 22.—Intermediate stage: limestone is about 50 percent replaced 
by dolomite.

from the original blue-gray dolomite and may be merely 
an alteration product (Emmons, Irving and Lough- 
lin, 1927, p. 33). Possibly it is the result of mineraliz­ 
ing solutions, or of a far-distant phase of contact meta- 
morphism. It is commonly attributed to mineraliza­ 
tion and is thought to be a favorable indication in

FIGURE 23.—Advanced stage : limestone almost wholly replaced and dark 
blotches also no longer conspicuous ; specimen is 3 inches in length.

searching for ore, but this impression could not be 
confirmed by the writer. This "zebra rock" is so gen­ 
erally prevalent in the upper part of the Leadville dolo­ 
mite, that it is discussed here, rather than among the 
alteration products described on pages 37, 38.

The highest beds of the Leadville dolomite include 
one or more shaly beds. Thus in the area about the 
head of Iowa Gulch there is a thin, gray, calcareous 
shale bed, about 15 ft below the top of the Leadville 
dolomite. It is varied in thickness but averages about 
5 ft. It is overlain by about 13 ft of thin, platy lime­ 
stone beds, above which is a bed of black shale 3 
ft thick, identified as the basal bed of the overlying 
Weber(?) formation.

Microscopic examination reveals that the calcareous 
beds of the Leadville dolomite consist of minute closely 
interlocked dolomite crystals. In the insoluble residues, 
Emmons, Irving, and Loughlin (1927, p. 33) identified 
irregular quartz grains, microcline, albite (or oligo- 
clase?), pyrite, and bituminous matter. Minute dark 
particles seen in thin sections are probably carbon; they 
are less conspicuous in the light-colored rock and in 
the white, dolomitic bands of the "zebra rock".

Chemical composition.—The Leadville dolomite is 
singularly pure. Six analyses have been published; 
four of them are certainly from the Leadville dolomite, 
but the other two may be from the Dyer dolomite mem­ 
ber of the Chaffee formation. All six have been recal­ 
culated and tabulated in the report by Emmons, Irving, 
and Loughlin (1927, p. 35). Four reveal no calcite 
whatever and in the two other samples the ratio of 
dolomite to calcite is 97.9 to 2.1, and 99.9 to 0.1.

Moreover, the rock as a whole is singularly free from 
insoluble matter, such as silica and clay. Thus, when 
the six analyses mentioned are recalculated to probable 
mineral content, and the percentages of the carbonates 
of calcium, magnesium, iron, and manganese are added, 
the total percentages of soluble carbonates are, as shown
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in the following table, much higher than in the Manitou 
dolomite.

Percentages of chief mineral constituents of Leadville, Manitou, 
and Dyer dolomites

Manitou dolomite, California 
Gulch_ ______________________

Leadville dolomite, Silver Wave 
mine, Leadville

Leadville dolomite, Dugan quarry, 
Leadville _ _

Leadville dolomote, Glass-Pen-

Dyer or Leadville dolomite, 
Montgomery quarry, Leadville

Dyer or Leadville dolomite, Ste­ 
phens mine, Leadville

Leadville dolomite, Iron Hill 
quarry, Leadville

Quartz

10. 1

.50

. 23

7. 65

Silicates

4. 1

.36

.09

.24

Quartz 
and 

silicates

0.55

. 62

.55

Soluble 
carbon­ 

ates

84. 1

98.05

98.46

98. 85

91. 55

99. 59

97. 66

The blue-gray color characteristic of the Leadville 
dolomite is probably caused by organic matter. This 
conclusion follows from the fact that on being heated 
the limestone bleaches, even at low temperatures. 
Moreover, the quantity of organic matter reported in 
all analyses ranges from 0.025 to 0.26 percent, as against 
only traces reported in analyses of the Manitou dolo­ 
mite, a rock of distinctly lighter color. A fetid odor 
is emitted by much of the rock when freshly broken 
(especially by the upper, dark-colored beds) indicating 
an abundance of organic matter. It is striking that 
a rock with these properties should contain so few 
fossils, but in this respect it is similar to dark-blue 
Paleozoic dolomites in Utah and elsewhere.

Alteration.—Enimons, Irving, and Loughlin (1927, 
pp. 36-37) have given a good description of the altera­ 
tion product called "dolomite sand." This product is 
found also in the Manitou and Dyer dolomites, but is 
more commonly associated with the Leadville dolomite. 
These authors state that this material retains the ap­ 
pearance of solid rock along the walls of drifts but falls 
to a loose sand when struck with a pick or hammer. This 
sand has been found as much as 500 or 600 ft below the 
surface.

Obviously the lack of cementation of the "dolomite 
sand" causes much difficulty in mining. The study 
mentioned indicates that the looseness of the "dolomite 
sand" is caused by the solution of grain edges and of 
the cementing material in the form of lime, magnesium, 
and iron carbonates. The solution is attributed to the 
action of descending waters.

A second kind of alteration, very different from that 
already mentioned, is marmorizatioii. For this kind 
of alteration, too, the description applies to all of the 
limestone and dolomite beds of the region—those of 
the Peerless formation, the Dyer dolomite member of the 
Chaffee formation, and the Leadville dolomite. It is 
most conspicuous, however, in the Leadville dolomite,

especially in the upper beds, where they are in contact 
with a thick sill of early White porphyry. Altered 
rock of this kind is well exposed in the highest beds 
of the Leadville dolomite 011 the cliffs at the head of 
the Iowa and Dyer Amphitheaters, in the section on 
West Dyer Mountain, and on the cliff on the south slope 
of Zion Mountain. The maximum diameter of indi­ 
vidual dolomite grains is % in. (about 0.3 cm). Such 
alteration was commonly accompanied by a color 
change, whereby the beds acquired a mottled appear­ 
ance in which light-gray and dark blue-gray predom­ 
inate. The fairly general association of marmorized 
beds with intrusive rocks and, further, their absence in 
localities where there are no intrusive rocks, point to 
this alteration as a phase of contact metamorphism.

A third kind of alteration is silicification. In this 
alteration the texture of the limestone becomes dense 
and flinty so that the altered beds can scarcely be dis­ 
tinguished from quartzite except with the aid of the 
microscope; their hardness also is such that most of 
the rock scratches steel. The color may remain blue- 
gray, as in the unaltered rock, or more rarely mp,y be­ 
come a very light gray or white. In extreme alteration, 
cavities measuring as much as y2 by 1 by 2 in. are pro­ 
duced. Under the microscope the rock mass is seen to be 
dense and made up chiefly of cryptocrystalline silica, or 
partly or wholly of crystalline quartz. In the latter case 
angular quartz crystals, many of which are well-formed 
hexagonal bipyramids, may be seen in profusion and 
project into shreds and remnants of carbonates that are 
still uiireplaced. Locally, these crystals form large 
irregular aggregates of quartz.

So far as observed, silicification was confined to zones 
of considerable mineralization or at least to the neigh­ 
borhood of fracture zones along which mineralizing 
solutions may have passed. Thus, its effects are noted 
in the drifts and dump material of the Altoona tunnel 
and other mines 011 the south slope of Printer Boy Hill, 
on the south slope of Canterbury Hill between the 
Chicago Boy and Old St. Louis workings, and ne"T the 
Oak and associated claims about lA/o miles west of the 
crest of Empire Hill. Silicified rock is found also near 
zones of shattering that are not associated with known 
ore bodies, as east of the ridge that rises northwest of 
Empire Hill to an altitude of 12,065 ft, and south of the 
ridge crest connecting Mount Sheridan and Peerless 
Mountain. A fairly continuous band of blue-gray 
silicifiecl limestone at the very top of the Leadville 
dolomite can be traced from the south slope of Empire 
Gulch near the Mitchell Ranch all the way south to the 
head of Union Gulch.

A fourth kind of alteration, to which the term "silica - 
tion" may be applied, is that in which silicates of alka­ 
line earths are developed. Although this alteration 
represents a relatively smaller increase in silica than 
does silicification, the temperature required for silica-
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tion is greater than that for silicification, and hence, as 
might be expected, the products of silication are found 
in ground subjected to mineralization at high tempera­ 
ture. In the area described, silication of the Leadville 
dolomite was observed only on the south slope of Printer 
Boy Hill, where, it will be recalled, similar alteration 
had taken place in the Manitou dolomite (p. 29). 
The product is a tremolite-rich rock which, where 
originally clayey, contains much sericite also. Locally, 
epidote was formed. This rock resembles in most re­ 
spects the altered facies of the Manitou dolomite 
already described.

To summarize, of the alterations described for the 
Leadville dolomite, as for other calcareous beds in the 
section, the formation of "dolomite sand" is attributed 
to leaching by downward-moving solutions; mar- 
morization is probably a result of contact metamor- 
phism, using this phrase in its strict sense; whereas 
silication and silicification are probably produced both 
by hydrothermal alteration through the action of min­ 
eralizing solutions and by contact metamorphism near 
the intrusive sills and dikes so abundant in the region.

Variations in thickness.—Like the Manitou but unlike 
the Dyer, the Leadville dolomite varies somewhat in 
thickness. Over much of the area where it is exposed, 
some of the upper beds have been removed by erosion, 
but where the Leadville dolomite is overlain by recogniz­ 
able lower beds of the Weber (?) formation and the 
entire Leadville is represented, the range in thickness 
of the formation is indicated by the measurements 
listed below.

Thickness of Leadville dolomite at selected localities 
on west slope, Mosquito Range

Feet
Gilman, 22 miles north of Leadville______________ 125 
Mount Zion, 3 miles north of Leadville—————_—————— 146 
West Dyer Mountain, 5 miles east of Leadville-——————— 154 
Mount Sherman, 6.5 miles southeast of Leadville-________ 124
Weston Pass, 10 miles south of Leadville_________—_ 160

Obviously there is no uniform decline in thickness 
in any definite direction. Existing differences may be 
attributed to changes in rate of accumulation of sedi­ 
ments, to minor irregularties of the sea bottom, or to 
widespread but irregular erosion at the close of the 
Mississippian epoch.

On the figures given, the average thickness of the 
Leadville dolomite is estimated to be 140 ft. If to this 
is added the 80 ft of Dyer dolomite, a total of 220 ft 
is obtained, or about 20 ft more than the average thick­ 
ness given for these two stratigraphic units by Emmons, 
Irving, and Lougliliii (1927, p. 32).

Relation to adjacent fotwiations.—The contact be­ 
tween the Leadville dolomite and the underlying Dyer 
dolomite member of the Chaffee formation has been 
described as marked by the basal sandstone of the 
Leadville. The upper boundary of the Leadville dolo­ 
mite is at the base of a black, pyritic shale, averaging

about 5 ft in thickness; above it limestone beds are rare 
or absent, and clastic rocks are the rule. The bound­ 
ary between this shale and the underlying limestone 
is sharp. The black shale does not truncate the sub­ 
jacent limestone beds, nor is there any other evidence 
of any very irregular pre-Pennsylvanian erosion sur­ 
face above the Leadville in this region. At Red Cliff 
and Gilman, however, erosion and weathering are found 
to have affected the top of the Leadville dolomite before 
deposition of the overlying Pennsylvania!! Weber (?) 
formation (Johnson, 1934, p. 27).

Geologic age and correlation.—In the course of this 
field work no fossils were collected that could with 
certainty be referred to the Mississippian, but fossils 
collected by Emmons (1886, p. 66) from the extreme 
upper part of the Leadville dolomite were found either 
in the limestone or in chert nodules scattered over the 
surface. The fauna as listed by Girty comprises a 
coral, five brachiopods, two pelecypods, and a gastropod. 
From a study of the Leadville dolomite here and else­ 
where in Colorado, Girty (1903, pp. 221-223, 228-229) 
concludes that it is of Mississippian age and is equiv­ 
alent to the Mississippian of Crested Butte, Aspen, and 
Salida, which is "probably chiefly upper Kinderhook 
and lower Burlington" in age. With these findings 
Johnson (1934, p. 27) concurred.

WEBER(?) FORMATION

NOMENCLATURE

The beds of shale, sandstone, and conglomerate that 
overlie the Leadville dolomite in the area napped were 
correlated by Emmons with the Weber quartzite as 
exposed at Weber Canyon, "Utah. As a result, this 
formation, especially the coarser part, is commonly 
known by the local miners as the "Weber grits." 
During the past decade the beds included in the "Weber 
shales" and "Weber grits" as defined by Emmons have 
been studied with much care, but the results of these 
studies have not yet been fully assemblec1 . Probably 
a new name will eventually be applied to the rocks of 
Pennsylvania!! age that overlie the Leadville dolomite. 
In the absence of such a name the old term, to which 
the mining public is accustomed, is retained, followed 
by a question mark to indicate doubt as to th°, correctness 
of this correlation.

The Maroon formation, which overlies tl Q- Weber (?) 
formation in the region north and south of Leadville 
(Stark, Johnson, Behre, and others, 1949, pp. 42-47), 
has been completely eroded from the area here described 
and is therefore not discussed.

DISTRIBUTION

Whereas the older formations are thin, gud complete 
sections are exposed at many placed in the area, the 
Weber (?) formation, though very thicV, has been 
largely destroyed by erosion. The most complete sec­ 
tions are in three localities. One is the ridge crest ex-
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tending from the head of Birdseye Gulch westward to 
and somewhat beyond Prospect Mountain; west of 
Prospect Mountain the glacial cover conceals the bed­ 
rock, but a fairly continuous section may be studied 
in the Board of Trade and Isabelle Amphitheaters. 
Another is on the east slope of the Mosquito Range 
between Mount Evans and Mosquito Peak. South of 
this place the Weber (?) has been removed, except for 
the third locality—that on Empire Hill, on the slope 
toward Weston Gulch.

DESCRIPTION

In general the Weber(?) formation (Johnson, 1934, 
pp. 28-42) as it appears near Leadville consists of five 
kinds of rock:

1. A very coarse to medium-coarse arkosic grit. The 
pebbles are chiefly quartz, but rounded and subangular 
feldspar fragments as much as an inch in diameter are 
also seen; many fragments are fresh and still exhibit 
good cleavage. There is much cross bedding and, al­ 
though sorting is commonly poor, in the cross-bedded 
strata the lower parts of all the beds are the coarser. 
Shale fragments are scattered through the conglomer­ 
ate. Their color ranges from light to dark gray, but is 
generally a light gray, commonly with a greenish tint. 
Surfaces of these fragments sparkle with mica flakes. 
Diffusion banding is locally conspicuous (fig. 24).

2. A fine-grained arkosic sandstone. This is a true 
sandstone except for a few quartz pebbles as much as 
1/4 in. in diameter. This rock is more even bedded than 
facies 1, and cross bedding is rare. As in the other 
facies found in the Weber (?), mica is a conspicuous 
constituent. The sandstone is light to medium gray 
and generally acquires a rusty-yellow hue on weather­ 
ing. Near Leadville, arkosic sandstone probably makes 
up more of the formation than any other facies.

3. Micaceous shales. These shales are very rich in 
mica and range in color from olive green to chocolate 
brown or black. On weathering, the rock becomes gray 
or rusty brown, depending largely on the extent to

which the mica is decomposed. Much of the dark color 
is due to carbonized plant stems, still faintly visible. 
The mica flakes reach a maximum dimension of % in. 
The other materials are quartz and feldspar grains and 
a little clayey matter. Irt rock of this facies the frac­ 
ture is very regular and slabby, parallel to the surface 
of the conspicuous mica flakes and to the bedding. The 
mica glistens conspicuously on the bedding planes,

4. Impure shales, faintly calcareous, buff, light gray, 
or dark gray. Rock of this kind breaks easily parallel 
to the bedding with a slightly irregular parting, vary­ 
ing from papery to platy; in some beds the fracture is 
almost conchoidal. A fresh surface effervesces slightly 
with acid, but its odor is clayey, and the rock is dis­ 
tinctly a shale. On weathering the color if light 
changes to a rusty brown; if dark it fades slightly.

5. Shaly or pure, dense, blue-gray limestone. Clay, 
quartz, feldspar and mica are present in varied but 
small quantities. The beds are thin, rarely exceeding 
2 ft in thickness. The fracture is conchoidal and the 
freshly broken rock emits a fetid odor. Locally this 
facies is fossiliferous. On weathering the color alters 
to light gray, faintly rusty gray, or light olive-green. 
These limestones are said to be distinguishable from 
other limestones in the Paleozoic section by their non- 
magnesian composition. Analysis of a blue-gray gran­ 
ular limestone specimen collected just west of the gap 
between Little Ellen Hill and West Dyer Mountain is 
representative of the more limy beds.

Analysis of magnesian limestone typical of the Weber(?) formation 
[3. G. Fairchild, Analyst]

Soluble
constituent Percent
CaO_-------__---_- 29.83
MgO___-_______- 19.85
FeO__--______- 1.84
MnO___________ .28
COa --_ —— — —— — — 46.18
PaO«_—— -__ — — .06
Cl__-'—— — — — — .09
Na2O____-___.___ .08
(Ba, Sr)O____ ——--_ None
Insol_____ —— — — _ 1.78
H2O-__- —— — — — _ -09

Insoluble
constituent Percent
SiO2 _ —------------- 60
A12O3 -___-----__ 16
FeaO,_ —— — — — — 4
TiO2___-___-__ None
CaO______________ None
KaO___ —— — — — 3
H2O±-_- —— — — _ 8
Organic matter- _ _ _ _ _ 5
FeS2_____-______ 2

Total-

TotaL--____ 100. 08 
Less O=a_— ------- .02

FIGURE 24.—Diffusion banding of limonite, commonly seen in grits of 
the Weber (?) formation; note also ellipsoidal parting.

Total_____-_ 100. 06

The Weber (?) formation possesses some unusual 
lithologic features. Almost all of the sandstone beds 
are predominantly micaceous, not unlike the micaceous 
sandstone of Pennsylvanian age in the Appalachian 
region. This facies has frequently been mistaken for 
porphyry, especially in underground exposures; this 
error is no doubt caused by the conspicuous mica and 
the not uncommon feldspar grains. In all of the rocks 
studied with the aid of the microscope, however, the 
large mica flakes are clearly products of sedimentation 
and not of igneous action or of alteration. They are 
fresh or slightly iron-stained and do not cross the
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boundaries of other minerals, as is usually the case with 
secondary micas. Their sources were obviously the 
rocks of the pre-Cambrian "complex."

Clearly a common lithologic f acies of the Weber (?) 
formation is mineralogically very similar to an igneous 
rock rich in quartz and lean in feldspar, as it contains 
mica and quartz in abundance and even some feldspar 
grains. Where the quartz and feldspar are not well 
rounded and the rock is in massive beds, this facies of 
Weber (?) makes mapping in regions of complicated 
structure and alteration difficult; the Weber (?) may be 
confused with some of the more coarsely crystalline 
late Cretaceous Tertiary porphyries of the Gray por­ 
phyry group described below, or with rocks of pre- 
Cambrian age. The rock resembles in many respects 
the "recomposed granites" described by geologists in 
the Lake Superior region, and it is identified with con­ 
siderable difficulty (Grant, 1893, pp. 50-51).

Although most of the quartz particles are somewhat 
rounded, well-rounded ones are rare and some beds con­ 
tain sharply angular grains measuring as much as 0.2 
by 0.3 mm. The cause of the angularity is not known. 
There are no associated glass particles to indicate that 
this is tuffaceous rock and that the angular particles 
were formed by a volcanic explosion. Perhaps the an­ 
gularity is a result of physical disintegration of rock in 
which the quartz crystals had already been shattered by 
shear, such as might be expected in the pre-Cambrian 
rocks and as is actually seen today in pre-Cambrian 
granites and schists of the Mosquito Kange; such mate­ 
rial, if not transported very far, would retain much of 
the originally angular form of its grains.

In the Leadville district, the fossil collections are 
not sufficiently complete, and the vertical distribution 
of faunas is not well enough known to permit definite 
subdivisions of the Weber (?) formation. As no con­ 
tinuous section can be measured, there is some uncer­ 
tainty as to the correct sequence. Of the three sections 
mentioned above, undoubtedly the oldest Weber (?) is 
that exposed on the crest and west slope of Mount 
Evans, where it directly overlies the Leadville dolomite 
without angular uncomformity. Next in age is prob­ 
ably the section on the south slope of Empire Hill. 
The youngest part represented in the measured sections 
is thought to be that in the Board of Trade and Isabelle 
Amphitheaters. If the stratigraphic relations of these 
three sections are correctly interpreted, three lithologic 
divisions, here regarded as members, may be recognized 
in the Weber (?) formation as exposed close to 
Leadville. (See also Stark, Johnson, Behre, and others, 
1949, pp. 33-41.)

1. The lowest member of the Weber (?) formation 
ranges in thickness from 120 to 375 ft. It is composed 
chiefly of beds of dense, fetid, fossiliferous blue-gray 
limestone, alternating with black, carbonaceous shaly 
strata that contain plant matter. Locally there is a

bed of quartzite about 3 ft thick at the base of the 
Weber(?), but more generally the lowest unit consists 
of 35 ft of black shale, rich in pyrite, papery in fracture, 
with occasional chert concretions and plant fibers. The 
base of this shale forms the boundary with the Lead­ 
ville dolomite. This shale facies causes much trouble 
to miners by caving from the roof. A zone of this unit, 
a few feet thick, occurs at many places directly over­ 
lying the Leadville dolomite and just under a thick sill 
of early White porphyry ; such relations are seen in the 
Continental Chief mine at the head of Iowa Gulch.

Plant fossils were collected on Mount Evans from 
two shaly beds situated respectively 107 and 128 ft 
above the base in this lowest member of the Weber ( ?). 
They were submitted to David White and C. B. Read 
of the U. S. Geological Survey, who identified the fol­ 
lowing forms :
Sphetiopteris aff. cheathami Stigmaria sp.
Sphenopteris cf. microphylla Lepidostrobus sp.
Diplotmena(f) sp. Cordaites sp.
Neuropteris cf. dluhascM Cordaianthus sp.
Neuropteris cf. heterophylla Cordaicarpus sp.
Neuropteris cf. gigantea Dicranophi/llum(?) n. sp.
Calamites sp. Ginkophyllum n. sp. 
Asterophyllites sp.

In the same locality, 246 ft above the base of the 
Weber ( ?) formation, the following invertebrate fossils 
were collected and identified by J. H. Johnson :

Cleiothyridina pecosi var. 
Composita subtilita 
Compo&ita sp. 
Lissochonetes geinitzianus 
Dictyoclostus coloradoensis 
Productus sp.

On the south slope of Empire Hill, in gray, thin- 
bedded limestone, J. H. Johnson collected and identi­ 
fied the following fauna :

Spirifer opimm 
PleuropJiorus subcostatus 
Schizodus sp. 
Yoldia glabra 
Orthoceras sp.

Archaeocidaris sp. 
Lophophyllidium profundum 
Fistulipora sp. 
Orbiculoidea sp. 
CleiotJiyridina pecosi? 
Chonetes geinitzianus 
Composita subtilita 
Juresania nebraskensis 
Der~bya crassa 
Linoproductus aff. L. cora

L. cora var. nodosus 
Productus coloradoensis 
Dietyoclostus? n. sp. aff. semi-

striatus
Leptalosia spondyliformis 
Spirifer opimus var. 
Euphemites carbonarius 
Deltopecten aff. D. scalarls 
Enchostoma sp. 
PMllipsia sp.

At Weston Pass in similar beds a small fauna was 
collected and identified by J. H. Johnson, who lists 
the following forms:

Lophophyllidium profundum 
L. profundum var. sauridens 
Chonetes geinitzianus 
Phricodothyris sp. 
Platyceras sp.

Composita subtilita 
Marffinifera ingrata 
Productus cora 
Spirifer opimus 
PhUlipsia major

2. The next higher of the three members here recog­ 
nized in the Weber (?) formation is predominantly 
shale. Limestone beds are rare and sandstone and
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grit are more abundant. Layers of light-gray, greenish, 
brown, and black shales alternate with black micaceous 
sandstone, light-gray sandstone, and gray grit. The 
shales contain rare plant, fibers, too poorly preserved 
for identification. No other fossils have been found. 
The thickness of the member in the measured sections 
at Leadville ranges from 150 to 250 ft.

An especially conspicuous part of the middle member 
is a white, massive, pure quartzite, distinguished litho- 
logically from the Cambrian quartzites and the Parting 
quartzite member of the Chaffee formation only by the 
presence of a few mica flakes. This quartzite is well 
exposed on the west slope of Dyer Mountain and on the 
north slope of Long and Derry Hill south of the Clear 
Grit mine. With due allowance for intervening in­ 
trusive bodies, the quartzite is computed to lie 125 to 
150 ft above the base of the Weber(?). With further 
detailed field work, this quartzite may come to be 
generally recognized in the sections at Leadville and 
to be regarded as the base of the middle member of the 
Weber (?) formation as here defined.

The two members described above probably make 
up what Emmons (1886, p. 67) called the "Weber 
shales." The coal beds mentioned by Emmons do not 
extend into this area, but probably some of the black 
shale beds are a stratigraphic equivalent.

3. The uppermost of the three members into which 
the Weber (?) formation is here divided consists of 
intercalated grit, sandstone, and shale beds. Though 
argillaceous beds are present, this member consists 
dominantly of coarser elastics; conglomerate horizons 
are common and sandstone makes up by far the largest 
part. Many of the characteristic features of shoreline 
or continental accumulation are seen; ripple marks, 
rill marks, and crossbedding are conspicuous. Some of 
the sandstone is well consolidated and essentially 
quartzitic. Beds rich in calcium carbonate are scarce, 
but a few singularly persistent layers of blue-gray, 
fetid limestone containing marine fossils can be traced 
for some distance on Prospect Mountain. The maxi­ 
mum thickness of this upper member in the Leadville 
district has not been determined. On Prospect Moun­ 
tain the lower part of the Weber (?) formation is not 
exposed, but the thickness of the part of the upper mem­ 
ber that was measured by Johnson, was found to be 
872 ft; the entire member is here probably about 1,300 
ft thick. Emmons (1886, p. 68) gives 2',500 ft for the 
thickness of the "Weber grit," which is the approxi­ 
mate stratigraphic equivalent of the unit here described. 
This estimate was accepted by Patton, Hoskin, and 
Butler for the Alma region, on the eastern side of the 
Mosquito Range (Patton, Hoskin, and Butler, 1912, 
p. 56).

Because of the uncertainties concerning the bound­ 
aries of the three members in the Leadville region, the 
whole of the Weber (?) formation, except for certain

thin but conspicuous limestone beds, is represented on 
the geologic map (pi. 1) by a single pattern.

ALTERATION

Several products result from the alteration of the 
Weber (?) formation, depending in part on the original 
composition of the rock, in part on the type and inten­ 
sity of alteration. Some beds that were originally 
sandstone have been altered to quartzite. A good ex­ 
ample is the white quartzite described on this page. 
Much if not all of this alteration is a result of dynamic 
metamorphism.

The originally shaly beds have been compressed and 
in places somewhat recrystallized, with the growth of 
secondary mica—chiefly biotite. The result is a dark 
gray-green rock suggestive of a schist, but retaining 
a distinct clayey odor; the schistose appearance is at­ 
tributable chiefly to the large proportion of mica in 
the original sediment. Effects of this type of altera­ 
tion are commonly seen near sills and dikes, as strik­ 
ingly demonstrated in the head of the Isabelle Amphi­ 
theater. Some of the black shales are bleached in the 
neighborhood of the thicker sills. In the thin bards of 
shale included in the sill of early White prophyry that 
forms the ridge between Dyer Mountain and Mount 
Shermaii, the bleached areas show the faint outlines 
of chiastolite, still only in the incipient stage of forma­ 
tion.

A fairly common result of alteration of both shale 
and sandstone is the formation of microscopic mica 
flakes in the feldspar grains. Secondary sericite fills 
fine cracks that cross the quartz grains.

The changes in the limestones are by far the most 
conspicuous. They are best seen in the thin limestone 
lenses above the intrusive sill that forms the floor of 
the Isabelle Amphitheater. The alteration—probably 
a contact metamorphism—yields three products visible 
to the naked eye. One is a dense jasperoid, similar to 
that resulting from silicificatioii of the Leadville dolo­ 
mite (p. 37). The second product is marmorized lime­ 
stone, commonly somewhat bleached from blue-gray to 
a light-gray color. The third is a silicate rock formed 
under much the same circumstances as the other two 
products, but apparently showing the effects of higher 
temperatures. It is peculiarly mottled—the gray rock 
contains very light gray lenses or spherical masses 
largely composed of needles or fibers of tremolite and 
actiiiolite, or cores of greenish-gray epidote. Under the 
microscope epidote (zoisite), tremolite, actiiiolite, diop- 
side, sericite, and secondary quartz and carbonates 
(calcite?) are conspicuous. The extreme of this type 
of alteration produces a very friable olive-green rock 
composed wholly of the secondary silicates and con­ 
taining radiating sheaves of bladed tremolite crystals 
1 in. (2.5 cm) long.

Limestones and dolomites containing substantial per­ 
centages of clay are altered to a liornfelslike rock—
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dense, dark, hard, and made up chiefly of very finely 
granular quartz, sericite, and epidote, and scattered, 
lesser amounts of calcite.

The Weber (?) formation is stratigraphically the 
highest bedrock formation in the area mapped. Its 
upper limit is unknown, as the overlying Maroon forma­ 
tion is not found in this area.

GEOLOGIC AGE AND CORRELATION

Correlation of the Weber (?) formation at Leadville 
with the Weber quartzite at the type locality, Weber 
Canyon, Utah, is at best doubtful (Girty, 1903, pp. 171 
and 210). Certainly, much of the Weber (?) at Lead­ 
ville is of Pennsylvanian age, but more exact age 
assignment is not yet possible. This subject has re­ 
ceived careful study by J. Harlan Johnson (1934, p. 
33), who reports as follows:

The fossils obtained indicate that the lower and 
middle zones of the Weber (?) formation are of Penn­ 
sylvanian age and equivalent to the middle Pottsville 
and part of the upper Pottsville of the East. No equiv­ 
alent of the lower part of the Pottsville was observed.

In Colorado the Weber (?) is the equivalent of the 
lower part of the Sangre de Cristo formation of the 
Sangre de Cristo region, a portion of the Hermosa 
formation of southwestern Colorado, and at least some 
of the lowest part of the Fountain formation of the 
Colorado Springs region. It is also equivalent to part 
of the Magdelena group of northern New Mexico.

MESOZOICC?) AND CENOZOIC IGNEOUS ROCKS

STTMMABT

The igneous rocks that are younger than the pre- 
Cambrian in the area here described are either wholly 
or mainly Tertiary and only possibly in part late Cre­ 
taceous and early Pleistocene in age. They are prima­ 
rily intrusive, although locally a few of the intrusions 
apparently broke through to the surface. These rocks 
fall into three natural divisions, based partly upon 
petrographic features, and partly upon the time of 
intrusion. By far the greater part belong to the first 
two divisions, a series of intrusive porphyries whose 
geologic relations to faults show that they are of very 
late Cretaceous or early Tertiary age. Later in the 
Tertiary or in early Pleistocene time came plugs, ex­ 
plosive pipes, and dikes, in part of porphyry and in part 
of explosive agglomerates.

The earliest of the three divisions comprises the 
white porphyries, so called because of their light color. 
The earlier main body of the white porphyries, desig­ 
nated below as "early White porphyry" for the sake 
of clarity, forms a series of conspicuous, remarkably 
extensive sills. In the course of these studies, it has 
been found that certain dikes, closely similar petro- 
graphically to the early White porphyry, were intruded 
considerably later; these are called by the informal 
term the "later white porphyry."

The second division, the Gray porphyry group, in­ 
cludes darker rocks of more coarsely porphyritic tex­ 
ture, slightly younger than the early Write porphyry 
but belonging to the same erogenic and intrusive epoch. 
They form many dikes and occasional plugs but are 
most conspicuous as sills. One facies is of explosive 
origin. Six varieties of the Gray porphyry group have 
been distinguished. They are the Lincoln, Sacramento, 
Evans Gulch, Johnson Gulch, and Iowa Gulch por­ 
phyries, and an unnamed quartz diorite porphyry.

Rocks of the third division contain inclusions of the 
early White porphyry and of the Gray porphyry group, 
and are therefore younger than all the other igneous 
rocks of the area, with the possible exception of the 
later white porphyry. This division comprises plugs 
of quartz latite exposed south of Iowa Gulch, and pipes 
of rhyolite agglomerate which are present in the central 
Leadville district but do not crop out in the marginal 
areas, though dikes and plugs of agg^merate are 
exposed in several of the mine workings. Both the 
quartz latite and the agglomerate are known to be 
considerably younger than the ore deposits of the dis­ 
trict, whereas all the other porphyries, with the possi­ 
ble exception of the later white porphyry, antedated 
ore formation.

THE WHITE PORPHYRIES 

GENERAL DISCUSSION

The term White porphyry is so well fixed in local 
mining parlance and in the literature that it is retained 
here for the older of the two white porphyries. The 
two porphyries, the early White porphyry and later 
white porphyry, although of very different ages, do not 
differ greatly petrographically and are not easily distin­ 
guished without the aid of the microscope. In the field, 
structural evidence is generally the best criterion for 
distinguishing between them and therefore they are 
grouped together here, though the contrasts between 
the two are emphasized on page 46. Because of the 
difference in age between these two lithologically very 
similar rocks, they are designated the early White 
porphyry and the later white porphyry. "White 
porphyry," where used without a modifying adjective, 
should be understood to mean the older rock of the 
type to which that term was originally applied.

EARLY WHITE PORPHYRY 

DESCRIPTION

The petrographic character of the early White por­ 
phyry has been well described in Professional Paper 
148 (Emmons, Irving, and Loughlin, 1927, pp. 44-46) 
but a resume is given here for the converience of the 
reader. Megascopically it is a snowy white to very 
light gray rock of stony to finely granular groundmass
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that rarely attains the coarseness of a sugary texture 
(fig. 26)." The parting may be massive or columnar 
but is generally platy (fig. 25). Phenocrysts are gen­ 
erally so few that the rock barely qualifies as a porphyry. 
The few phenocrysts consist of small crystals, rarely 0.1 
in. (0.25 cm) in maximum dimension. Quartz, pla- 
gioclase, and black pseudo-hexagons of biotite are about 
equally plentiful as phenocrysts; no orthoclase pheno­ 
crysts are seen.

Under the microscope several varieties of porphyry 
can be distinguished; the chief differences are variations 
in the coarseness of the grains that make up the ground- 
mass, which constitutes about 95 percent of the rock. In 
some facies the quartz grains are as much as 2 mm in 
average diameter; in others they are 0.5 mm or less wide. 
In general, the coarser-grained groundmass occurs in 
the thicker sills, and especially near the middle of such 
sills, as might be expected. In the least altered facies

FIGURE 25.—Typical early White porphyry outcrop ; note characteristic 
platy parting ; Mount Sheridan.

FIGURE 26.—Early White porphyry, slightly altered; dark spots are 
bluish quartz areas, length 3% inches.

most of the groundmass consists of quartz, though a few 
rounded grains show oligoclase twinning and extinction 
angles. A few orthoclase grains and rare small shreds 
of biotite are found. Other, rare, accessory minerals 
are magnetite, zircon, apatite, rutile, and hornblende.

The phenocrysts are generally well formed. This is 
especially true of the quartz, which has sharp euhedral 
outlines—entirely unlike the quartz phenocrysts of some 
of the Gray porphyry group, which are commonly 
rounded or embayed. Typically the quartz crystals 
contain numerous fluid inclusions. Quartz phenocrysts 
generally make up 1 to 2 percent of the rock, but in 
some places they amount to as much as 7 percent; where 
the quartz content is so large, however, fingers of quartz 
extend from the phenocrysts out into the groundmass, 
strongly suggesting secondary enlargement.

Well-formed biotite phenocrysts constitute from 1 to 
2 percent of the rock. They are generally very dark 
where unaltered, and contain inclusions of apatite and 
rarely of zircon.

The feldspar phenocrysts are generally oligoclase. 
They are scarce and generally altered, so that their 
actual composition is commonly not determinable.

CLASSIFICATION

A consideration of representative chemical analyses 
of the early White porphyry, together with petro- 
graphic study, led Emmons, Irving, and Loughlin 
(1927, p. 45) to classify the porphyry as a leucocratic 
granodiorite porphyry. A careful study of the less 
altered rocks available to the writer in the area here 
discussed confirms this classification. The light color 
of the rock and lack of dark minerals, even in the least 
altered rock, are astonishing.

ALTERATION

Unlike the porphyry in the immediate vicinity of 
Leadville, most of the early White porphyry in this 
area is not so intensely changed as to prevent identifica­ 
tion of the original minerals. (See figs. 26-30.) 
Especially striking megascopic features are the rounded 
patches of bluish-gray quartz, averaging 0.1 in. (2.5 
mm) in diameter, and, even more commonly, the "eyes" 
of sericite, some hollow and druselike, measuring as 
much as 1 in. (25 mm) in maximum dimension (figs. 
26,29,30).

Under the microscope, the mica phenocrysts are seen 
to be partly converted to carbonate; they are very 
largely sericitized, commonly with the segregation of 
iron oxides. The feldspar phenocrysts are heavily 
sericitized. But the outstanding change, best inter­ 
preted as a form of hydrothermal alteration after solid­ 
ification of the rock (Emmons, Irving, and Loughlin, 
1927, p. 45), is the general silicification of the ground-
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FIGURE 27.—Early White porphyry, almost unaltered. Shows part of 
one oligoclase phenocryst and the finely granular quartz ground- 
mass, partly invaded by carbonates. X 33 ; crossed nicols. From 
sill on Dyer Mountain, west of Liddia fault.

mass, a process concurrent with the widespread sericiti- 
zation. Fingers of quartz extend outward from the 
quartz phenocrysts, and the quartz crystallites of the 
groundmass assume spiderlike interpenetrating forms. 
Epidote, chlorite, and a material resembling kaolinite 
are other alteration products. Their proportions, how­ 
ever, are small except in the most highly altered rock. 
A characteristic feature of the early White porphyry is 
the dendritic growth of manganese dioxide on joint 
faces, from which this rock is sometimes designated 
"forest rock" by miners.

FIGURE 29.—White porphyry, altered with mottling; quartz areas en­ 
larged ; darker, vaguely outlined areas are light buff to brown; length 
3% inches.

FIGURE 28.—Alteration (silicification) typical of early White porphyry; 
note extensive development of coarse secondary grainlets of quartz, 
with inclusions, and absence of true phenocrysts. X 33; crossed 
nicols. From Great Eastern shaft, near Lake Isabelle.

FIGURE 30. White porphyry, with vug formation; vugs bear small 
crystals of quartz and sericite; length of specimen 3 inches.

STRUCTURE AND DISTRIBUTION

With very rare exceptions, the early White porphyry 
is limited to sill-like bodies. It forms several promi­ 
nent fairly continuous sills in the Cambrian quartzite. 
A prominent sill within Cambrian quartzite can be 
traced from near the Best Friend mine in the Evans 
Amphitheater southward to the western slope of Peer­ 
less Mountain, a distance of nearly 5 miles. More con­ 
spicuous yet is a very thick sill that directly overlies the 
Leadville dolomite, a thin strip of 30 ft or less of grits 
and shales of the Weber (?) formation locally inter­ 
vening. This sill extends the entire length of the east­ 
ern edge of the area mapped—a distance of nearly 7 
miles; it appears also as far west as the town of Lead­ 
ville, and its continuity northwestward is suggested by a 
thinner sill, slightly lower in the stratigraphic sequence, 
on Canterbury Hill. On Mount Sherman it attains its 
maximum thickness of more than 1,000 ft. Locally such
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sills may be transgressive, as is well shown by the rela­ 
tion between Cambrian quartzite and the early White 
porphyry on the eastern wall of Iowa Amphitheater, 
I/Q mile north of where the South Dyer thrusts cuts 
across the Cambrian strata.

Southeast of Mount Sherman is a long spur lying east 
of the area here mapped and referred to by Emmons 
as White Ridge. Here, also, the early White porphyry 
is very thick. Emmons assumed that the main feeder 
for the several sills of early White porphyry was in 
this locality.

In the pre-Cambrian rocks there are irregular forms 
and large dikes of White porphyry instead of the sills 
so commonly seen elsewhere (fig. 31). Good examples 
of these forms are seen on the southern slope of East 
Ball Mountain, near the eastern side of the mouth of 
the Dyer Amphitheater.

FIGURE 31.—South Dyer Mountain from West Sheridan Mountain ; note 
complex structural relations of intrusive bodies (white in photograph) 
cutting pre-Cambrian granite.

LATER WHITE PORPHYRY 

DESCRIPTION

The later white porphyry is discussed here despite 
the marked difference in age because of its close litho- 
logic similarity to the early White porphyry. In hand 
specimens the later white porphyry generally resembles 
the early White porphyry (fig. 32), but it contains a 
few distinct feldspar phenocrysts as much as 4.5 mm 
(0.2 in.) long, and very rarely a quartz crystal or a 
flake of browyn mica is visible. The groundmass is 
white, light cream, or very light gray, similar to that 
of the early White porphyry; its texture is slightly 
more dense, as a rule, than that of the early White por­ 
phyry. Commonly the rock has a peculiar tendency to 
break into slabs 1/2 in- thick.

Under the microscope (fig. 33) the few feldspar 
phenocrysts commonly appear considerably altered but 
approximate oligoclase in composition; they are well 
formed. Quartz phenocrysts are far more scarce, as 
are shreds of biotite. Altogether, the phenocrysts no-

FIGUEE 32.—Typical later white porphyry ; phenocrysts more common 
in this specimen than usual; length 3 inches.

where make up more than 5 percent of the rock, and 
generally much less.

The groundmass is conspicuously fine grained. Some 
of the grains are orthoclase and others are plagioclase 
(oligoclase-albite). Apatite crystals, grains of magne­ 
tite, zircon, and secondary pyrite are rare. By far the 
most abundant recognizable constituent is quartz, in 
tiny granules generally 0.02 mm or less in diameter 
and having peculiar amoeboid forms strongly sugges­ 
tive of later enlargement by hydrothermal action. The 
same process doubtless accounts for numerous very 
small flakes of sericite seen in some thin sections. Local, 
highly irregular veinlets of quartz with wavy extinc­ 
tion, may represent remnants of flow lines.

FIGURE 33.—Later white porphyry. The fine-grained groundmass bears 
one phenocryst of kaolinized feldspar. X 33 ; crossed nicols. Dike 
on East Ball Mountain.
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It may therefore be inferred that the rock has been 
considerably altered. Biotite and feldspars have been 
converted into sericite and even into carbonates. The 
smaller quartz grains in the groundmass have under­ 
gone little if any change since their crystallization, 
except marginal enlargement and a slightly undulatory 
extinction.

Although uncertainty exists as to some of its constit­ 
uents, the rock can best be classed as a rhyolite por­ 
phyry. It strongly resembles the rhyolite described in 
Professional Paper 148 (Emmons, Irving, and Lough- 
lin, 1927, p. 59) and on pages 59-60 of this report, but 
it is not agglomeratic like the other rock and has no 
flow lines. The rock also closely resembles the later 
white porphyry of the Alma district (Singewald and 
Butler, 1931, p. 396), with which it is probably iden­ 
tical.

In the absence of positive evidence, this porphyry 
is not here correlated with the rhyolite, despite the sim­ 
ilarity. As shown by structural relations, it is, like 
the rhyolite, younger than the rocks of the Gray por­ 
phyry group; however, unlike the rhyolite, it is pyri- 
tized locally, from which the inference is possible that 
it antedated all ore deposition, whereas the rhyolite at 
Leadville encloses ore fragments that were torn off by 
the intrusion subsequent to ore deposition.

DISTRIBUTION

Typical later white porphyry is best displayed in 
dikes on the eastward slope of Finnback Knob, the 
13,405-ft hill due west of Peerless Mountain. Here one 
mass has an almost cylindrical form and is suggestive 
of a ring-dike surrounding an area of pre-Cambrian 
granite 500 ft across; from this mass a dike projects 
half a mile with an almost constant strike southwest- 
ward up Finnback Knob. Other dikes are exposed on 
East Ball Mountain, and in Evans Amphitheater near 
the Best Friend mine.

In the Diamond shaft and in Empire Gulch a rock was 
found that is said to resemble the rhyolite (Emmons, 
Irving, and Loughlin, 1927, p. 44) but is here classed 
with the early White porphyry.

DISTINCTIVE FEATURES

The later white porphyry is easily distinguished 
from rocks of the Gray porphyry group by its lighter 
color, its lack of ferromagnesian minerals, and its pre­ 
vailingly finer texture, but its distinction from the early 
White porphyry is very difficult. Its most common and 
conspicuous phenocrysts are plagioclase and scarce 
quartz crystals, whereas in the early White porphyry 
dark mica and quartz are fully as abundant as the 
feldspar phenocrysts. Moreover, the groundmass of 
the later white porphyry is somewhat more dense, so 
that a coarsely granular groundmass strongly favors 
the conclusion that the rock in question is early White 
porphyry rather than the younger rock. Further,

there is a tendency for the later white porphyry to break 
into thin sheets, evidently controlled by a hidden 
flow structure; a faintly sheetlike fracture is also 
locally observed in much of the early White porphyry, 
but the sheets are thin, conchoidal spallings, rather than 
flat slabs. Both porphyries have dendrites of man­ 
ganese dioxide.

Under the microscope the fine groundmass and the 
lack of moderately large quartz phenocrysts furnish 
conspicuous contrasts with most of the early White 
porphyry. Both rocks are likely to be somewhat 
altered, but the later White porphyry, at least in its 
groundmass, is relatively unchanged.

GKRAY PORPHYRY GROUP

GENERAL FEATURES 

CLASSIFICATION AND NOMENCLATURE

As originally used by Leadville mining men the term 
"Gray porphyry" was applied to all grayish, conspicu­ 
ously porphyritic intrusive rocks younger than pre- 
Cambrian. Emmons (1886, pp. 74-86), however, re­ 
stricted the term to one of the several varieties of 
porphyry belonging to the Gray porphyry group and 
applied new names to the other members of the group. 
Later (Emmons, Irving, and Loughlin, 1927, pp. 46-51) 
these rocks were again reclassified, and given the name 
"Gray porphyry group." On the general maps virtu­ 
ally no subdivisions were made, but on the more detailed 
maps of the area immediately surrounding Leadville 
at least two varieties were distinguished.

In the present investigation field mapping was neces­ 
sarily based upon megascopic rather than upon micro­ 
scopic characters. From the collections, representing 
a relatively small number of outcrops, several sub­ 
divisions designated by Emmons, Irving, and Loughlin 
could be distinguished, in addition to other kinds of 
rock obviously closely related. The subdivisions here 
recognized are designated by their type locality, and 
have been named as follows: the Iowa Gulch, Lincoln, 
Sacramento, Evans Gulch, and Johnson Gulch por­ 
phyries. The Iowa Gulch porphyry alone was a new 
designation. (See Behre, 1939, pp. 64-65.) The Mount 
Zion porphyry was not recognized in this immediate 
region, though it is possible that some of what is here 
mapped as Evans Gulch porphyry is actually Mount 
Zion porphyry. In the following discussion each of the 
five subdivisions is briefly described. The classifica­ 
tion adopted is based primarily upon textural features 
(with due allowance for such factors as rapidity of 
cooling) and upon mineralogic composition, especially 
the proportions of the more common minerals and the 
prevalence of distinctive crystal forms. As an aid to 
field recognition, the bases for such distinctions, 
especially as observed in the hand specimen, are given 
for each class and typical hand specimens are illustrated 
in figures 34-37 and 39-40.
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FIGURE 37.—Iowa Gulch porphyry, finely crystalline facies; dark spots 
FIGURE 34.—Evans Gulch porphyry, showing relatively finely crystalline, are chiefly dendrites of manganese dioxide ; length of specimen 3 

equigranular texture; length of specimen, 4 inches. inches.

FIGURE 38.—Little Union quartz latite, showing inclusions (IN) 
length of specimen 4% inches.

FIGURE 35.—Lincoln porphyry showing orthoclase (F) and quartz (Q) 
phenocrysts; length of specimen 3% inches.

FIGURE 36.—Sacramento porphyry; note more coarsely crystalline FIGURE 39.—Iowa Gulch porphyry, showing flow banding in dense, 
texture and darker color; length of specimen 4 inches. stony phase; length of specimen 4% inches.
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FIGURE 40.—Johnson Gulch porphyry; note euhedral phenocrysts re­ 
sembling those of Lincoln porphyry ; length of specimen 3 % inches.

However, the difficulty in applying any detailed clas­ 
sification to the Gray porphyry group, such as the one 
here followed, can scarcely be overemphasized. This 
difficulty is the result of two facts. First, all of the 
porphyries have been highly altered, at least locally; 
feldspars are sericitized and carbonatized, amphiboles 
and micas are changed to chlorite or to sericite, and 
most of the original constituents have been partly re­ 
placed by quartz. Second, there appear to be grada­ 
tions from one rock type to another. Yet, for a proper 
understanding of the regional structure and of the age 
relations between these rocks, correct interpretations 
of the field relations are necessary, and such interpreta­ 
tions in turn must be based on the actual or probable 
identity and classification of some units of the Gray 
porphyry group. The difficulties mentioned and the 
resulting uncertainties should be borne in mind in 
studying the maps presented herewith.

STRUCTURE OF THE PORPHYRIES

Unlike most of the early White porphyry, which 
occurs almost wholly in sills, the bodies of the Gray por­ 
phyry group represent almost all of the more common 
forms of intrusion. The sill of Lincoln porphyry on 
Little Ellen Hill and that of Sacramento porphyry along 
the crest of the range to some extent resemble laccoliths 
in their abrupt thickening and thinning, though the 
small ratio of thickness to length differentiates them 
from the common conception of a laccolith. The most 
abundant and the most conspicuous form, however, is 
the true sill, varied in extent, thickness, and lithologic 
features. In a few places, as at a sill-like body of John­ 
son Gulch porphyry on the northeastern slope of West 
Sheridan Mountain, the intrusion is inclined to the bed­ 
ding though at only a small angle. In addition to the 
Breece Hill stock and two poorly defined stocks in the 
Adelaide Park and Breece Hill areas, which are already

known (Emmons, Irving, and Loughlin, 1927, p. 54) 
only one other plug or stock has been recognized. It is 
partly exposed in Iowa Gulch, near the Mansfield shaft. 
Dikes are common, especially in Iowa Gulch, where they 
trend about due north and seem to stand vertical; they 
are chiefly of the Johnson Gulch type and evidently 
follow fissures or faults of moderate displacement.

LINCOLN PORPHYRY 

DESCRIPTION

The Lincoln porphyry, a variety of the Gray por­ 
phyry group, named from Mount Lincoln on the east­ 
ern side of the Mosquito Eange, was first described by 
Emmons (1886, p. 79). In his original description 
Emmons gave as the outstanding characteristic the very 
large euhedral orthoclase phenocrysts and mentioned 
also the conspicuous quartz crystals that it contains.

The typical Lincoln porphyry (fig. 35) is a light- 
gray rock with a deep pink or very pale lavender cast, 
brownish where weathering has been intense, and locally 
bleached to white or very light gray by hydrothermal 
alteration. The pinkish groundmass is studded with 
conspicuous well-formed orthoclase crystals (fig. 35), 
some as much as 7.5 cm (about 3 in.) in length. These 
crystals commonly show7 zonal inclusions and Carlsbad 
twinning; they weather out of the rock so readily that 
they form a conspicuous part of the residual soil. 
Another noteworthy feature is the presence of numerous 
quartz phenocrysts; many of these are almost perfect 
hexagonal bipyramids and exceptionally large, with a 
maximum length of 1 cm (about 0.4 in.). Their appear­ 
ance suggests high-temperature quartz. There are also 
phenocrysts of plagioclase and a few small books, plates, 
or shreds of brown biotite which in natural exposures 
are largely oxidized and spread a brown stain into the 
adjacent minerals.

Under the microscope ( fig. 41) the orthoclase pheno­ 
crysts are seen to enclose fine, dustlike inclusions of 
red iron oxide, to which they owe their color, and 
zonally disposed mica crystals. Plagioclase pheno­ 
crysts make up about 30 percent of the volume of the 
rock. They average about 4 mm (approximately 0.15 
in.) in length. Both albite and Carlsbad twins are 
common. In samples collected from different localities 
the composition of the plagioclase ranges from oligo- 
clase-albite to andesine, the latter being by far the more 
common. In general, the more albitic phenocrysts are 
formed in the lighter-colored facies of this porphyry— 
for example, the sill on Little Ellen Hill.

The quartz phenocrysts also show a great range in 
size, the average being about 5 mm. The excellently 
euhedral forms, while not universal, are nevertheless 
highly characteristic of the Lincoln porphyry; embay - 
ments, inclusions of the groundmass, and rounded out­ 
lines are relatively rare. Characteristically the quartz 
phenocrysts are surrounded by a halo of very small
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FIGURE 41.—Lincoln porphyry. The edge of one of the typical large 

orthoclase phenocrysts is visible in this section. Note section of 
altered oligoclase-albite, and shreds of bleached biotite. X 40; 
crossed nicols. East slope of Little Ellen Hill.

crystals in the microgranitic groundmass, which be­ 
comes even finer grained than elsewhere, as though 
from mutual reactions that affected crystallization.

Hornblende and biotite are present, but hornblende 
is rare and seldom makes up as much as 1 percent of the 
rock. The mica shreds and plates average about % mm 
in diameter and rarely attain 5 mm. Inclusions of 
apatite, rutile, zircon, and an unidentified trichitic 
mineral (rutile ?) are common. The unaltered mica is 
brown, but commonly has been converted to an emerald- 
green mineral by hydrothermal action. The first 
products of later alteration are a bleached mica and 
magnetite, some of which, at least, is titaniferous; 
products of more advanced alteration are chlorite, 
epidote, and calcite, formed in the order named. 
Especially conspicuous among these products are yel­ 
lowish-green, highly pleochroic epidote and the light- 
green chlorite; the latter gives anomalous deep-purple 
interference colors under the polarizing microscope. 
Most of the hornblende crystals are greatly altered; as 
in the case of the biotite, the commonest products are 
epidote, chlorite, and calcite.

Accessory primary minerals comprise magnetite, 
apatite, sphene, rutile, and zircon. The magnetite 
generally occurs in euhedral crystals, it is uncommon 
compared with its occurrence in the other rocks of the 
Gray porphyry group. Apatite is abundant in crystals 
as much as 3 by 1.5 mm (approximately 0.12 by 0.06 in.) 
in section, commonly as inclusions in the feldspar and 
biotite crystals. The apatite shows anomalous biaxial 
interference figures. Sphene forms rims partly sur­ 
rounding magnetite and interstitial aggregates between

biotite crystals. Zircon and rutile occur chiefly as 
inclusions, commonly in the biotite. A little pyrite 
appears to have been introduced locally after the solid­ 
ification of the rock.

The groundmass consists almost wholly of quartz and 
an alkalic feldspar whose optical properties resemble 
those of albite or oligoclase-albite, accompanied by 
small amounts of chlorite (after biotite) and of the 
accessory minerals mentioned above. The ratio of the 
two chief constituents, quartz and plagioclase, is about 
6:1. The grains are small, few exceeding 0.08 mm 
in diameter and the average is only about 0.03 mm. 
Part of the quartz is in euhedral crystals, but by far 
the greater part forms irregular grains from which 
projections extend among the other particles. Inclu­ 
sions are common in this more finely granular, later 
quartz, though they are almost wholly lacking in the 
quartz phenocrysts. The feldspar forms tiny crystals 
of rhombic outline and slender laths approximating a 
composition of Ab6Ani.

CLASSIFICATION AND DISTINCTIVE FEATURES

The classification of the Lincoln porphyry has been 
thoroughly discussed by Emmons, Irving, and Loughlin 
(1927, pp. 47-48). They demonstrated that the rock 
is chemically intermediate between granodiorite and 
quartz monzonite, but the rocks studied in arriving at 
that classification were somewhat altered. In the ad­ 
jacent Breckenridge district similar rock (which, 
however, does not contain the conspicuous quartz phe­ 
nocrysts of the Lincoln porphyry at Leadville) was 
regarded by Ransome (1911, pp. 44-50) as a quartz 
monzonite. Considering the somewhat more alkalic 
composition of the plagioclase phenocrysts in the rock 
typical of the region here mapped, as compared with 
that hitherto regarded as typical and described by 
Emmons, Irving, and Loughlin, 1927, it seems proper 
to call the Lincoln porphyry a quartz monzonite, fol­ 
lowing Ransome, rather than a granodiorite as sug­ 
gested by Emmons and his associates. Hence the 
Lincoln porphyry does not differ noticeably in com­ 
position and classification from most of the other rocks 
of the Gray porphyry group found in the Leadville 
district.

Megascopically, the generally pinkish hue and the 
lighter coler of the groundmass in the unaltered rock 
are especially characteristic, in comparison with the 
Sacramento, Johnson Gulch, and Evans Gulch por­ 
phyries. Important also is the fact that none of the 
rocks of the Gray porphyry group except the Johnson 
Gulch porphyry have the large phenocrysts of ortho­ 
clase that characterize the Lincoln porphyry; even in 
the Johnson Gulch porphyry these phenocrysts are 
scarce. The quartz in the other varieties of the Gray 
porphyry group also is rarely in the large and well- 
formed bipyramids so common in the Lincoln porphyry.



50 GEOLOGY AND ORE DEPOSITS, WEST SLOPE OF THE MOSQUITO RANGE

Under the microscope the general lack of the irregu­ 
lar embayed quartz phenocrysts, such as characterize 
most of the other rocks of the Gray porphyry group, 
is striking and consistent with the preponderance of 
euhedral quartz phenocrysts in the Lincoln porphyry. 
The rock differs from the Evans Gulch porphyry in the 
conspicuous rarity of hornblende. Finally, the ground- 
mass is more finely crystalline than in most of the other 
rocks of the Gray porphyry group.

All the above features are relative, and gradations 
from one rock variety to any other are common. This 
is especially true of the Johnson Gulch porphyry, which 
in some f acies strongly resembles the Lincoln porphyry 
and is virtually indistinguishable from it where some­ 
what altered.

ALTERATION

Where the rock is altered partial replacement by 
sericite is common, and is most marked in the feldspar 
phenocrysts; here the sericite forms isolated, tiny flakes, 
with greatest dimensions parallel to the cleavage of 
the host mineral. In more advanced stages the sericite 
increases in quantity and finally constitutes a solid ag­ 
gregate preserving the forms of individual feldspar 
crystals and even clearly outlining the twinning lamel­ 
lae of plagioclase. In the most thoroughly altered 
phenocrysts calcite encroaches upon and replaces the 
sericite. In the biotite the process of alteration begins 
with bleaching, followed by the formation of chlorite 
and epidote. The groundmass undergoes very little 
alteration, on account of the abundance of quartz, but 
its feldspar, like that of the phenocrysts, is replaced 
by sericite. Limonite has been formed from pyrite 
through oxidation and is conspicuous at some localities.

DISTRIBUTION

The typical Lincoln porphyry occurs on Mount Lin­ 
coln near Alma, just east of the crest of the Mosquito 
Range. Emmons (1886, p. 80) mentions the occurrence 
of Lincoln porphyry on Buckeye Peak, 7 miles north of 
Leadville, and in places along the Eagle River still 
farther north. A rock very similar mineralogically but 
with the texture of a coarsely porphyritic granite has 
been described from the Twin Lakes region, about 13 
miles southwest of Leadville (Howell, 1919, pp. 47-51; 
Stark and Barnes, 1935, pp. 474-475).

Typical Lincoln porphyry is well exposed at the head 
of Birdseye Gulch and in the east wall of the amphi­ 
theater in which the Board of Trade mines are located 
(pi. 1). These exposures are parts of a group of sills 
several hundred feet above the base of the Weber (?) 
formation. Two such sills are exposed on Little Ellen 
Hill. The sequence of sedimentary rocks and sills on 
the spur that separates Birdseye Gulch from the Board 
of Trade Amphitheater is like that on Little Ellen 
Hill, and the sill of Lincoln porphyry seen on the edge 
of the spur mentioned is probably continuous with the 
lower sill on Little Ellen Hill beneath the alluvial and

glacial deposits of Upper Evans Gulch. In these lo­ 
calities the rock possesses all the characteristics of typi­ 
cal Lincoln porphyry.

SACRAMENTO PORPHYRY 

NAME

No exposures of fresh, recognizable Sacramento por­ 
phyry were studied in the field work connected with 
Professional Paper 148. The rock was first described 
by Emmons (1886, pp. 81-82), who gave Gemini Peaks 
overlooking the Sacramento Amphitheater as the type 
locality. Emmons distinguished the Sacramento por­ 
phyry from his Gray porphyry (the Johnson Gulch 
porphyry of Professional Paper 148) by its higher 
percentage of plagioclase, and the noteworthy quanti­ 
ties of hornblende. These are generally good criteria. 
Moreover, where not too greatly altered, the rock is a 
rock unit distinct from the other members of the Gray 
porphyry group. Therefore the name is retained, and 
the Sacramento porphyry is distinguished on the map.

DISTRIBUTION

On Gemini Peaks, midway between Mount Sherman 
and Dyer Mountain, a part of a thick sill of Sacramento 
porphyry is exposed above a thin strip of the Weber (?) 
formation. On Mount Evans the entire thickness of the 
sill is exposed (fig. 42), and also some of the overlying 
Weber (?) strata; both floor and cover of this large 
sill are here visible. Still farther north the sill fingers 
out into several thin sheets. The maximum thickness 
of the sill is about 750 ft, on Dyer Mountain. Two 
miles farther north, on Mount Evans, the thickness is 
500 ft, and on Gemini Peaks, due to erosion, but 300 ft 
of it is preserved. Apparently Emmons' (1886, p. 81) 
estimate of 1,000 ft maximum for this sill is too high. 
The general form of this body is almost laccolithic, 
with a surface slope of 6° in places. Similar rock is 
common in several igneous bodies in Iowa Gulch. In

FIGURE 42.—Sills on Mount Evans, from Evans Amphitheater; sedi­ 
ments included are shales and sandstones of the Weber (?) formation. 
Explanation: Cw, Weber(?); Pz, Paleozoic sediments; Tew, early 
White porphyry ; Ts, Sacramento porphyry.
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fact, in the area here described, the Sacramento por­ 
phyry is probably the most widespread representative 
of the Gray porphyry group.

DESCRIPTION

To the unaided eye the fresh rock (fig. 36) presents 
a light gray-green appearance; it is white or very light 
gray where bleached, or darker gray with faintly red­ 
dish-brown areas where mineralized and partly oxi­ 
dized. Visible in a light-gray groundmass are num­ 
erous white plagioclase phenocrysts averaging 3 mm 
(about 0.12 in.) in diameter, very scarce pinkish ortho- 
clase crystals of about twice that size, phenocrysts of 
glassy quartz 2 mm (about 0.08 in.) in diameter, book­ 
lets of biotite generally about 2 mm in maximum dimen­ 
sion, and rare needles of dark-green, largely altered 
hornblende. They are set in what to the unaided eye 
seems to be a stony groundmass.

Under the microscope (fig. 44) the outstanding phen­ 
ocrysts are seen to be crystals of plagioclase, ranging 
in composition from andesine to oligoclase and varied 
somewhat even within a single body of rock. Albite 
and Carlsbad twinning, zoning, and euhedral crystals 
are common. In these plagioclase phenocrysts alter­ 
ation is especially far advanced; it is generally repre­ 
sented by sericite replacing twinned feldspar, one of a 
pair of twins frequently showing far more extensive 
replacement than its neighbor. In other crystals the 
altered parts are peripheral. Calcite is another common 
secondary product of the feldspar, and secondary 
quartz and epidote are observed in some rocks. The 
plagioclase phenocrysts make up 20 to 35 percent of 
the total volume of the rock. Much of the rock, how­ 
ever, is so thoroughly altered that the exact identifica­ 
tion of the feldspar is impossible.

FIGURE 43.—Typical Johnson Gulch porphyry, showing characteristic 
corrosion of the large quartz phenocryst by the feldspathic ground- 
mass.

FIGURE 44.—Sacramento porphyry. Main phenocrysts are altered 
andesine-oligoclase ; also present are hornblende and biotite. X 40; 
plain transmitted light. Board of Trade Amphitheater.

Orthoclase, a rare constituent in the hand specimen, 
is practically absent in the thin-sections examined. 
Indeed, its absence or extreme scarcity may be regarded 
as especially characteristic of the Sacramento por­ 
phyry. Visible quartz makes up about 5 percent of the 
rock volume. The mineral occurs as grayish individ­ 
uals containing tiny liquid inclusions; the individual 
grains show strain shadows, and where shattered they 
are recemented with sericite. They are rarely euhedral 
and most commonly occur in characteristic amoeboid 
forms with embayments or inclusions of the groundmass. 
Typically the groundmass around such quartz individ­ 
uals is aggregated into a fine-grained border sugges­ 
tive of a chilled selvage and characterized by a sphera- 
litic or aggregate extinction.

The greenish biotite occurs in flakes and books. It 
has commonly been converted to chlorite, epidote, and 
more rarely to calcite, and even where not altered to 
other minerals it is considerably bleached. It is espe­ 
cially conspicuous because of its abnormal purple inter­ 
ference colors.

Some facies of the Sacramento porphyry contain 
hornblende, though the mineral is highly altered. 
Probably much of the chlorite skittered through the 
rock in small quantities represents altered hornblende. 
Indeed, so intense was the alteration of the dark min­ 
erals that the presence of an amphibole, in contradis­ 
tinction, can only be ascertained where a basal section 
with characteristic outline is still preserved.

Under the microscope the groundmass is seen to be 
made up of minute crystals of alkalic feldspar—ortho- 
clase and albite or oligoclase-albite—which locally show 
rhombic cross sections. Quartz is also seen in the
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groundmass as irregular grains, with clearly marked 
faces, or extending in fingerlike rods between neighbor­ 
ing phenocrysts of quartz and plagioclase. Commonly 
the groundmass is not greatly altered, but where altered 
its feldspars are replaced by sericite.

Among accessory minerals, magnetite (commonly 
limonitized) and apatite appear as euhedral crystals. 
Zircon and rutile are present, but the latter is very 
rare.

CLASSIFICATION

The distinctly alkalic composition of the plagioclase 
in the phenocrysts and groundmass of the Sacramento 
porphyry, and also its content of free quartz, place this 
rock among the granites and monzonites. On the other 
hand, the relatively small quantities of orthoclase 
clearly puts it among the monzonites rather than the 
granites. In view of its moderate amount of quartz 
the rock is best placed among the quartz-monzonites.

DISTINGUISHING FEATURES

The Sacramento porphyry is distinguished from 
other similar rocks of the Gray porphyry group by the 
following megascopic features: It is coarser and less 
equigranular in texture than the mineralogically simi­ 
lar Evans Gulch porphyry. Its mica grains are more 
nearly euhedral. Even the larger feldspar grains of 
the Evans Gulch porphyry do not exceed 3 mm (about 
0.12 in.) in length, whereas lengths of 5 mm (about 
0.2 in.) are fairly common in the Sacramento porphyry. 
By corollary, the groundmass is more sharply marked 
off from the phenocrysts in the Sacramento porphyry, 
whereas the Evans Gulch porphyry would at first sight 
be designated a fine-grained granitoid rock rather than 
a porphyritic rock. From the Johnson Gulch porphyry 
the Sacramento porphyry is distinguished chiefly by 
the lack of large orthoclase phenocrysts; where present 
all its orthoclase has dimensions no greater than those 
of the plagioclase, whereas the Johnson Gulch porphyry 
contains conspicuous though rare euhedral crystals, 2 
cm or more in length. The relative abundance of ferro- 
magnesian minerals and the relatively small proportion 
of orthoclase phenocrysts and of characteristic euhedral 
quartz distinguish the Sacramento porphyry from the 
typical Lincoln porphyry.

EVANS GULCH PORPHYRY

NAME

The Evans Gulch porphyry (fig. 34) is named from 
its typical occurrence in Big Evans Gulch. It closely 
resembles the Mount Zion porphyry first recognized by 
Emmons, but, as pointed out in Professional Paper 148 
(Emmons, Irving, and Loughlin, 1927, pp. 50-51), it 
is distinguished by its lower content of silica and of free 
quartz, coarser and more nearly equigranular texture, 
and larger proportion of dark minerals. Probably no 
Mount Zion porphyry occurs in the area here described, 
but possibly some of the highly altered rock on the

south slope of Prospect Mountain, here mapped as 
Evans Gulch porphyry, should be grouped with Em­ 
mons' Mount Zion porphyry.

DISTRIBUTION

In plate 13 of Professional Paper 148 only a small 
area of Evans Gulch porphyry was indicated. In 
plates 6 and 13 of Monograph 12 two areas were shown 
to contain this variety of rock; in both places the por­ 
phyry is relatively unaltered and definitely identifiable 
and was believed by Emmons to occur in dikes. More 
recently two other large bodies of this rock have been 
discovered. One of them lies in the Board of Trade 
Amphitheater and the other in upper Evans Gulch and 
the adjoining region. All outcrops now recognized are 
known to be parts of sills. Fairly good exposures of 
one such sill are seen in the bottom of Evans Gulch, 
some 2,500 ft upstream from the upper end of the two 
large Leadville reservoirs; still others are in the floor 
and wall of the amphitheater in which Lake Isabelle 
lies. A rock tentatively identified as Evans Gulch por­ 
phyry forms two thin sills in the Leadville dolomite 
between Ball and East Ball Mountains and thence 
southward to U. S. Land Monument Alpha, and sev­ 
eral sills within the Weber (?) formation along the 
crest of the range between Mount Evans and Mosquito 
Pass.

DESCRIPTION

The rock superficially resembles a fine-grained gran­ 
ite or quartz diorite (fig. 34). None of the crystals 
exceeds 2 mm (about 0.08 in.) in diameter, and there 
are no very conspicuous phenocrysts. Its color ranges 
from light pinkish-gray to light greenish-gray. Char­ 
acteristic phenocrysts are dark amphibole needles, hex­ 
agonal flakes of dark mica, numerous white plagioclase 
crystals, and thinly scattered quartz grains.

Under the microscope the feldspar phenocrysts (fig. 
45) prove to be oligoclase-andesine. They make up 
about 25 percent of the rock. They are generally al­ 
tered to sericite or less commonly, epidote and calcite 
or a related carbonate or to a kaolinlike mineral.

Quartz phoncrysts make up less than 5 percent of the 
rock, with local variations in abundance. Very few 
exceed 0.5 mm (0.02 in.) in length. Phenocrysts of 
orthoclase are few, and much less altered than the plagi­ 
oclase. Two conspicuous dark minerals—brownish- 
green biotite and green hornblende—are abundant, but 
likewise greatly altered, commonly to chlorite.

Other primary minerals include euhedral apatite, 
cubes or octahedrons of magnetite, and fine grains of 
rutile and zircon. The groundmass is generally so fine 
grained that the phenocrysts are sharply marked off 
from it, but is completely crystalline. Indeed, because 
the phenocrysts are so small there is far less contrast 
between groundmass and phenocrysts than in any other 
member of the Gray porphyry group. The ground- 
mass consists of quartz and alkalic feldspar intergrown
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FIGURE 45.—Evans Gulch porphyry, kaolinized and chloritized. The 
relatively equigranular texture, the numerous cloudy feldspar pheno- 
crysts and the numerous hornblende laths (not shown) and mica 
plates are typical. X 40 ; plain transmitted light. Sill on northeast 
slope, Little Ellen Hill.

in tiny grains and microlites, and small amounts of the 
alteration products mentioned.

There is little that is distinctive in the alteration of 
the Evans Gulch porphyry. Because it lacks con­ 
spicuous phenocrysts, the altered porphyry acquires a 
sugary texture. Alteration of the plagioclase proceeds 
along twinning lamellae, and produces sericite and 
calcite. The dark minerals are much changed, mostly 
to chlorite having peculiar purplish interference colors, 
and to epidote; even where the rest of the rock is not 
affected, the biotite is likely to be bleached. Alteration 
commonly produces a grayish-green rock in which the 
feldspar appears as white spots.

CLASSIFICATION AND DISTINCTIVE FEATURES

The intermediate to sodic composition of the plagio­ 
clase and the low content of orthoclase show the rock 
to be rather silicic though less so than granite por­ 
phyry. In view of noteworthy though subordinate 
quantities of potash feldspar, the Evans Gulch porphyry 
is best classed as a quartz-monzonite porphyry.

Chemically as well as mineralogically, this rock is 
closely related to the Johnson Gulch porphyry, but 
it is finer grained and contains a larger percentage of 
hornblende. The Evans Gulch porphyry nowhere 
forms very thick sills; it may represent merely a tex- 
tural fades of the Johnson Gulch porphyry, though it 
is perhaps also slightly less siliceous, as suggested loj 
Emmons, Irving, and Loughlin (1927, p. 50). If this 
is true, the difference in texture may be a result of the 
more rapid cooling in the thinner sills. Likewise, it 
is possible that the Mount Zion porphyry of earlier

reports represents merely a greatly silicified and highly 
altered facies of the Evans Gulch porphyry.

JOHNSON GULCH PORPHYRY

The term Johnson Gulch porphyry was proposed in 
Professional Paper 148 as a substitute for "Gray por­ 
phyry" as originally used by Emmons. The name was 
suggested by the type locality.

DISTRIBUTION

The Johnson Gulch porphyry commonly occurs in 
the form of sills, but dikes are numerous, especially in 
Iowa Gulch. Certain thick sills of Johnson Gulch por­ 
phyry occur in Evans and Little Evans Gulch and there 
are several thin sills at the head of Alps Gulch. A 
thick sill resembling the Lincoln porphyry crops out 
on the southern slope of Canterbury Hill and Prospect 
Mountain.

In Professional Paper 148 (Emmons, Irving, and 
Loughlin, 1927, p. 48) it was suggested that much of the 
Gray porphyry in this area (now regarded as the John­ 
son Gulch porphyry), entered the region along a cylin­ 
drical conduit, leaving a chilled margin of the porphyry 
that now makes up a large part of Breece Hill. This 
hypothesis appears to be strongly supported by the 
finding of numerous dikes of Johnson Gulch porphyry 
on Printer Boy and Long and Derry Hills. Many such 
bodies follow the early north-south faults that are so 
conspicuous a structural feature.

Many bodies of rock generally resembling this por­ 
phyry differ strikingly in texture or seem to be variants 
in mineral composition. This statement applies espe­ 
cially to certain dikes in Iowa Gulch. In case of doubt 
the procedure has been followed of arbitrarily classing 
the rock concerned as the Johnson Gulch porphyry to 
avoid perhaps useless refinements of classification.

DESCRIPTION

Megascopically the typical unaltered rock (fig. 40) 
is medium gray— the darkest of the Gray porphyry 
group. This color is due chiefly to the groundmass, 
for despite a moderate quantity of biotite platelets 
and scattered hornblende needles, most of the pheno­ 
crysts are of light color. They include quartz crystals 
as much as 5 mm (about % in.) in diameter, slightly 
smaller and more numerous plagioclase crystals, and 
a few orthoclase phenocrysts as much as 2.5 cm (about 
1 in.) in greatest dimension.

Under the microscope few orthoclase phenocrysts 
are visible (fig. 43). Indeed, they are so few that they 
are absent from many hand specimens. Under medium 
or high power they are seen to contain inclusions of 
plagioclase, quartz, biotite, and several accessory min­ 
erals. There are also cloudy aggregates of finely 
divided iron oxide. Chemical analysis shows that the 
potash feldspar contains a high percentage of soda and 
noteworthy amounts of lime (Emmons, 1886, p. 333).
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The plagioclase phenocrysts make up about 30 per­ 
cent of the rock, mostly as well-formed and character­ 
istically zoned crystals, and as both albite and Carlsbad 
twins. In composition the plagioclase ranges from 
oligoclase to aiidesine, and is generally intermediate 
(about Ab70An30). Commonly it is highly altered to 
sericite or even further to a carbonate—probably cal- 
cite. Inclusions of quartz, apatite, zircon, and rutile 
are common.

Quartz phenocrysts form about 5 percent of the rock. 
They are partly euhedral, but many contain irregular 
inclusions and reentrants of the groundmass, which, 
as in other members of the Gray porphyry group, may 
wTell be the result of a reaction between phenocrysts 
and the "rest-magma". The average length is 2 to 3 
mm (about 0.08 to 0.12 in.). Many are shattered, and 
recemented with sericite.

Biotite in pseudohexagonal platelets and in shreds 
as much as 1 mm in diameter makes up as much as 5 
percent of the rock, but the quantity is varied and a 
great proportion of the mineral is in particles so small 
that it is virtually a part of the groundmass. Locally it 
is altered. It contains a few apatite and zircon 
inclusions.

In the Johnson Gulch porphyry from the Comstock 
mine, hornblende phenocrysts, though not numerous, 
are at least conspicuous, attaining sizes of as much as 
3 by 5 mm (Emmons, Irviiig, and Loughliii, 1927, 
p. 49). In the Board of Trade Amphitheater a sill that 
in all other respects closely resembles typical Johnson 
Gulch porphyry contains 10 to 15 percent of conspicu­ 
ous hornblende phenocrysts which are still fresh and 
under the microscope show brilliant green to greeiiish- 
browii pleochroism. Hornblende is, in general, a rela­ 
tively minor constituent of the Johnson Gulch por­ 
phyry, though not uncommonly so greatly chloritized 
as to make its distinction from biotite difficult. The 
same stages of alteration may be recognized as were 
described for biotite.

The groundmass consists of quartz, with accessory 
quantities of sodic (?) plagioclase and orthoclase ( ?). 
The grains are so small that the composition of the 
plagioclase feldspar cannot be closely determined; 
Emmons, Irving, and Loughlin (1927, p. 49) iden­ 
tified alkalic feldspar (presumably orthoclase), as wTell 
as plagioclase. Typical accessory minerals are eu­ 
hedral or subhedral magnetite, apatite, rutile, and 
zircon.

Typically, the Johnson Gulch porphyry is bleached 
where much altered. The feldspars are commonly 
changed to sericite and, where most altered, to calcite. 
Orthoclase usually is less altered than plagioclase. As 
in the other porphyries, the dark minerals are bleached, 
chloritized, and epidotized, and in extreme cases they 
are replaced by a carbonate, presumably calcite.

CLASSIFICATION

The chemical analyses published in Professional 
Paper 148 (Emmons, Irving, and Loughlin, 1927, p. 
50) and the mineralogic composition described above, 
identify the Johnson Gulch porphyry with the granite 
or quartz moiizonite groups. If some of the potash 
reported in analyses has been introduced subsequent to 
solidification of the rock (as indicated by the almost 
universal presence of sericite) the rock should be 
grouped with the quartz monzoiiite porphyries; that is 
the classification accepted in this report.

DISTINCTIVE FEATURES

Where not so bleached by alteration as to make the 
component minerals unrecognizable, the Johnson Gulch 
porphyry megascopically resembles the Lincoln and 
Sacramento porphyries of the Gray porphyry group. 
It differs from the Lincoln porphyry especially in the 
scarcity of large, wTell-fowned orthoclas© crystals; vir­ 
tually every hand specimen of typical Lincoln por­ 
phyry contains four or five large orthoclase individuals 
whereas specimens of Johnson Gulch porphyry of sim­ 
ilar size rarely contain more than a single crystal, and 
many specimens showT no orthoclase phenocrysts. It is 
darker and lacks the relatively very large quartz crys­ 
tals that are so conspicuous in the Lincoln porphyry; 
however, it does contain a few euhedral and "resorbed" 
quartz phenocrysts.

In contrast to the Johnson Gulch porphyry, the 
Sacramento porphyry contains even fewer orthoclase 
phenocrysts, and but very small quartz crystals. Its 
phenocrysts do not have the great range in size of those 
in the Johnson Gulch porphyry, whose composition 
and texture thus appear to be intermediate between 
those of the Lincoln and Sacramento porphyries.

The Evans Gulch and Iowa Gulch porphyries as 
a whole have a finer groundmass and smaller pheno­ 
crysts. Their textures are more granitoid than that of 
the conspicuously porphyritic Johnson Gulch porphyry.

Gray porphyry exposed on Printer Boy Hill was 
supposed (Emmons, Irving, and Loughlin, 1927, p. 46) 
to include rock of the Lincoln porphyry type although 
it is clear, despite a considerable degree of alteration, 
that the porphyry should be identified with the John­ 
son Gulch porphyry. Probably the error wTas due to 
the extensive alteration and to the presence of a few 
large wTell-f ormed crystals of orthoclase. The absence 
of characteristic Lincoln porphyry quartz bipyramids 
seemingly went unnoticed.

IOWA GULCH PORPHYRY 

DESCRIPTION

The Iowa Gulch porphyry of the Gray porphyry 
group closely allied in composition to the Johnson 
Gulch porphyry, is exposed on Long and Derry Hill, 
near the place wThere the crest is crossed by the road 
from IowT a Gulch to Empire Gulch. Other outcrops are
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on West Sheridan Mountain, at several places on the 
south slope of Ball Mountain, and in some of the dikes 
in the Rex and Musk Ox mines. Two other dikes are 
believed to represent the Iowa Gulch porphyry. One 
lies about 6,000 ft east of the Hatch Ranch at an altitude 
of 10,982 ft; the other, on the 12,065-ft spur on the 
northwestern slope of Empire Hill, is more porphyritic 
and quartzose than the type rock and in those respects 
resembles the Johnson Gulch porphyry.

The Iowa Gulch porphyry is less quartzose than the 
Johnson Gulch porphyry. Its relatively unaltered con­ 
dition and conspicuous flow lines, and the presence on 
the north side of Long and Derry Hill or a tufflike f acies, 
suggest that the rock was intruded under conditions 
differing somewhat from those governing the intrusion 
of the other rocks of the Gray porphyry group. The 
low quartz content also places it among the aberrant 
f acies of the Gray porphyry group, if not actually into 
a different group altogether. This porphyry is believed 
to be sufficiently distinctive to merit a new name, and 
it has therefore been designated by its type locality.

The dominant, nonclastic fades of the Iowa Gulch 
porphyry is a light-gray to light brownish-gray por­ 
phyry, with a dense, stony groundmass that locally 
shows banding and flow lines (figs. 37, 39). Dark 
phenocrysts of biotite and white, well-crystallized feld­ 
spars are common. In some varieties tiny quartz 
phenocrysts also are seen with the naked eye or the hand 
lens, but they are nowhere conspicuous. In places the 
rock includes fragments of the same composition, 
sharply bounded against the matrix (fig. 46) ; elsewhere 
it contains inclusions of the neighboring sedimentary 
rocks. This facies is best exposed on the northern 
slope of Long and Derry Hill, along the Iowa Gulch- 
Empire Gulch road, at an altitude of 11,000 ft. It is 
this facies of the porphyry that is interpreted as in­ 
dicating intrusion under reduced pressure and prac­ 
tically explosive conditions, circumstances that not 
only caused disruption of the country rock, but also 
shattered the chilled walls and tore loose fragments of

1

the still molten but viscous lava. This hypothesis is 
supported by the almost vitreous texture of some of 
the groundmass (fig. 39). Similar features have been 
described from the Uncompahgre district by Burbank 
under the term "clastic dikes" (Burbank, 1930, pp. 
195-200; 1941, pp. 204, 205) and also from Leadville 
by Emmons, Irving, and Loughlin (1927, pp. 55-59) 
in the late (rhyolitic) intrusives. The rock here de­ 
scribed, however, cannot be referred to the rhyolite 
intrusions recognized by Emmons and his associates, 
as the rock is distinctly less siliceous and much of it is 
so similar in mineral composition to the Johnson Gulch 
porphyry as to be virtually indistinguishable.

Under the microscope (fig. 47) the groundmass ap­ 
pears to have a typical felted and partly or almost 
completely glassy texture; it is studded with tiny feld­ 
spar needles in trachitic arrangement; this feldspar is 
oligoclase-albite, largely sericitized. About two-thirds 
of the groundmass consists of silicified or devitrified 
rock, now quartzose. The phenocrysts consist of plagi- 
oclase and biotite, plus a little quartz. In different 
hand specimens plagioclase phenocrysts averaging 0.6 
mm in diameter and ranging from oligoclase-albite to 
calcic andesine make up about 20 percent of the rock.

Quartz phenocrysts are very irregularly distributed 
with none at all in some places and in excess of 5 per­ 
cent of the volume in other areas. Characteristically 
they have a globular form, such as is common in tuffs 
and surface flows and an average diameter of approxi­ 
mately 0.2 mm (0.08 in.).

Phenocrysts of biotite are fairly abundant. Biotite 
is light olive-green to brown where fresh, but is largely 
altered. It forms books and shreds averaging about

FIGURE 
road

46.—Agglomeratic facies of Iowa Gulch porphyry, exposed along 
on northern slope, Long and Derry Hill; note platy parting.

FIGURE 47.—Iowa Gulch porphyry, granular phase. Phenocrysts are 
oligoclase-albite, highly altered. Note small feldspar laths and 
cloudy groundmass. X 40 ; crossed nicols. Iowa Gulch, near Lillian 
mine.
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0.7 mm (0.28 in.) in longest diameter and makes up 
3 percent of the rock; inclusions of quartz, apatite, and 
zircon are characteristic. No phenocrysts of orthoclase 
could be identified.

Other accessory primary minerals are sphene, zircon, 
and apatite, all in relatively large euhedral crystals, 
magnetite (partly titaniferous), and specularite.

ALTERATION

The alteration products of the Iowa Gulch porphyry 
resemble those of the other Gray porphyries. The 
feldspar is sericitized and some of it is replaced by a 
highly sodic plagioclase (albite?) and quartz. Mica 
has been partly bleached, and partly converted first to 
chlorite and to epidote, and later to calcite. Some of 
the large crystals of all of the minerals have been shat­ 
tered and recemented with calcite. Where highly al­ 
tered the rock is dark greenish-gray and the numerous 
feldspar phenocrysts contrast sharply in color.

CLASSIFICATION

Despite its intense alteration and its megascopic re­ 
semblance to the Johnson Gulch porphyry, the differ­ 
ences in composition make the Iowa Gulch porphyry 
a distinct rock unit. The plagioclase feldspars are 
more calcic than those in the other Gray porphyries, 
orthoclase is rare or absent, and quartz phenocrysts are 
nowhere abundant, and generally rare. These features, 
together with the trachitoidal texture, favor classifica­ 
tion of the rock as a quartz latite or perhaps dacite 
rather than a quartz monzonite.

DISTINGUISHING FEATURES

Megascopically the Iowa Gulch porphyry is the most 
varied of the rocks of the Gray porphyry group. With 
the exception of certain aberrant varieties, the Iowa 
Gulch porphyry differs from the more typical porphy­ 
ries of the group, such as the Johnson Gulch and Lin­ 
coln types, in the lack of conspicuous quartz pheno­ 
crysts. From the Sacramento porphyry it differs in its 
much larger proportion of groundmass. It resembles 
the Evans Gulch and Mount Zion porphyries in its 
relatively fine texture and the small average size of its 
phenocrysts, but the Iowa Gulch porphyry is somewhat 
darker, its groundmass is more stony, and as a whole 
its texture is more distinctly porphyritic; indeed, a 
blue-gray f acies of it that occurs in sills on West Sheri­ 
dan Mountain presents an especially sharp contrast to 
the lighter-gray or flesh colors of the Evans Gulch 
porphyry.

QUARTZ DIORITE PORPHYRY 

OCCURRENCE

Quartz diorite porphyry occurs as a dike on the south­ 
western slope of East Ball Mountain. It ranges in 
width from 5 to 15 ft and trends about K 20° E. uphill 
from an altitude of 12,450 ft, along the western slope

of the mountain. It dips 68° E. Offset in one place 
by a fault and in another without apparent faulting, 
it can be traced continuously northward about 5,000 ft.

DESCRIPTION

Megascopically the quartz diorite porphyry is a dark 
greenish-gray rock essentially of holocrystalline texture, 
resembling the Iowa Gulch porphyry but slightly 
darker. Only a few phenocrysts are visible to the 
naked eye; they are chiefly feldspar and scarce flakes 
of hornblende. The groundmass is finely crystalline 
to dense, the dense facies being more typical of the 
southern end of the dike.

Under the microscope the phenocrysts are seen to 
include andesine and a little altered hornblende, small 
euhedral crystals of apatite and octahedrons of mag­ 
netite. The groundmass is made up almost wholly of 
microlites of a plagioclase near oligoclase and of horn­ 
blende, small crystals of quartz (apparently secondary) 
and a mineral resembling highly altered biotite.

Like the other gray porphyries, this rock is con­ 
siderably altered. The phenocrysts of feldspar have 
been changed to sericite and at their peripheries even to 
calcite. The feldspar microlites have been far less 
altered. The hornblende and mica (?) have been con­ 
verted to chlorite, yellowish epidote, and calcite. 
Effects of silicification are not conspicuous.

CLASSIFICATION

The composition of the quartz diorite porphyry 
closely resembles the older units of the Gray porphyry 
group of the Alma district, designated by Siixgewald 
and Butler (1931, pp. 394-395) as monzonitic diorite 
porphyry and by Patton and his associates as horn­ 
blende diorite porphyrite (Patton, Hoskin, and Butler, 
1912, pp. 85-89). Rocks of this group are less siliceous 
and darker than the other rocks here assigned to the 
Gray porphyry group. Only the Iowa Gulch porphyry, 
resembles them in color; indeed, these two rocks may 
represent different gradational facies of the same gen­ 
eral rock type. On this basis and and on the general 
lack of orthoclase, the rock is best designated as a 
quartz diorite or dacite porphyry.

AGE RELATIONS OP UNITS OF THE GRAY PORPHYRY
GROUP

As recently as 1927, the date of the publication of 
Professional Paper 148 (Emmons, Irving, and Lough- 
lin, 1927, pp. 51-52), nothing was known about the 
relative ages of the various units of the Gray porphyry 
group, though various analogies were drawn with 
adjacent districts, tending to show that the quartz- 
monzonites are younger than the more dioritic rocks. 
Subsequently Singewald (1932, pp. 62-63) confirmed 
this suggestion from observed field relations in the Alma 
district on the eastern side of the Mosquito Range. 
The different kinds of porphyry of the Gray porphyry 
group are more easily distinguishable in the outlying
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parts of the Leadville district than in the central Lead- 
ville district, and some field evidence as to their relative 
ages has been obtained. A discussion of these relations 
is presented in the following paragraphs, though this 
necessitates a brief anticipation of some of the struc­ 
tural features described in greater detail on later pages.

The Alma district is so near that evidence found there 
(Singewald, 1932, p. 26) may be used as a basis for the 
inference that the dioritic rocks in the area here con­ 
sidered are older than the more monzonitic porphyries. 
The dike of quartz diorite on East Ball Mountain 
would accordingly be the oldest unit of the Gray por­ 
phyry group. Sills of the Lincoln porphyry of Little 
Ellen Hill, the Evans Gulch porphyry, and the Sacra­ 
mento porphyry are cut by the Mosquito fault or its 
branches, which, in Iowa Gulch and its vicinity, are 
related in origin to several other reverse faults. Along 
the planes of these reverse faults dikes of the Iowa 
Gulch and Johnson Gulch porphyries have been intrud­ 
ed in certain places. It may thus be reasoned that 
after the quartz diorite the next rocks in the igneous 
sequence were the Lincoln, Evans Gulch, and Sacra­ 
mento porphyries, followed in time by dislocation along 
the Mosquito and related reverse faults. However, the 
relative ages of the Lincoln, Evans Gulch, and Sacra­ 
mento porphyries are not determinable.

Next in age is the Iowa Gulch porphyry. The sill 
of this rock on the northern slope of West Sheridan 
Mountain is cut by a slightly transgressive sill of John­ 
son Gulch porphyry. It is accordingly the earlier of 
the two; however, it is intruded along reverse faults in 
lower Iowa Gulch much as is the Johnson Gulch por­ 
phyry. From these relations it would appear that these 
two members of the Gray porphyry group are younger 
than the steep reverse faults of the district. Further­ 
more, Crawford (1924, pp. 376-378) has shown that 
later intrusions in the Mosquito and Sawatch Ranges 
generally formed stocks, whereas the earlier ones com­ 
monly formed sills. The Mansfield plug, mentioned 
above, is composed of Johnson Gulch porphyry and is 
thus in agreement with this generalization; so also, 
by inference, is the Breece Hill stock, which, however, 
is too greatly altered to be classified with confidence 
on a purely petrographic basis (Emmons, Irving, and 
Loughlin, 1927, p. 54). The dikes of Johnson Gulch 
porphyry radiating from the Breece Hill plug support 
this inference.

In summary, the events related to intrusions of the 
Gray porphyry group are as follows:

Youngest: 5. Intrusion of Johnson Gulch porphyry. 
4. Intrusion of Iowa Gulch porphyry. 
3. Development of Mosquito and other reverse

faults.
2. Intrusions of Evans Gulch and Sacramento 

porphyries and typical Lincoln porphyry. 
Oldest: 1. Intrusion of quartz diorite porphyry East 

Ball Mountain.
998133—53———5

It is noteworthy that the Johnson Gulch and Lincoln 
porphyries, which have in common the large ortho- 
clase phenocrysts, are separated in time by a period of 
markedly differing intrusions.

NATURE AND SIGNIFICANCE OF ALTERATION

The gray porphyries of the Alma district, which are 
very similar to those of Leadville, were carefully 
studied by Singewald (1932, pp. 16-29) who gave 
special attention to their altered f acies; similar observa­ 
tions have more recently been made on the rocks of the 
Gray porphyry group of Leadville. Singewald showed 
that the suggestion originally made by Patton (Patton, 
Hoskin, and Butler, 1912, p. 79) was in a sense correct, 
namely, that many of the constituents of the porphyries, 
though apparently primary, are really the products of 
end-phase alterations. This is especially true of ortho- 
clase. The mineralogic and chemical changes produc­ 
ing this mineral were, however, almost negligible in 
the area here described, for they have prevailed chiefly 
in the larger pluglike intrusives, poorly represented 
in the marginal parts of the Leadville district, rather 
than in the more widespread dikes and sills. In the 
sills, albitization, epidotization, and sericitization, lo­ 
cally with extensive silicification, are the conspicuous 
and typical end-phase processes of alteration. At 
Leadville many of the highly quartzose varieties of the 
Evans Gulch porphyry, as well as the quartzose Mount 
Zion porphyry described in earlier publications (Em­ 
mons, 1886, p. 76; Emmons, Irving, and Loughlin, 1927, 
pp. 50-51), apparently owe much of their quartz con­ 
tent to a reaction between the rest-magma and the 
partly crystallized groundmass and phenocrysts. In 
view of this extensive reaction in certain members of 
the Gray porphyry group, it is significant that there 
is so little evidence of reaction rims surrounding the 
euhedral quartz and orthoclase phenocrysts of the Lin­ 
coln porphyry intruded under similar conditions; this 
suggests either that the composition of the rest-magma 
was close to that of the phenocrysts, or that at the time 
and place of crystallization the Lincoln porphyry con­ 
tained but few constituents sufficiently volatile to per­ 
mit reaction.

The striking fact that throughout the Gray porphyry 
group alteration is most extensive in the sills and least 
in the dikes seems to oppose the conclusion of Singe­ 
wald (1932, p. 27) that the alteration was produced 
in large part by new "mineralizers" not originally 
present in the sills, but added by the deeper, as yet 
unconsolidated, magma body. If this were true the 
dikes, which clearly fed the sills in many places and 
were presumably the last to cool of the now visible 
igneous bodies, would have been the more intensely 
altered.
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TERTIARY OR QTJATERNARY(?) IGNEOUS ROCKS

LITTLE UNION QUARTZ LATITE 

LOCATION AND STRUCTURAL RELATIONS

Emmons (1886, pp. 88, 352-353) found and mapped 
three bodies of an unusual rock which he designated 
quartziferous trachyte. As shown in greater detail on 
the geologic map of the; present report, there are two 
such bodies, one near the head of Little Union Gulch, 
half a mile south of the ranch house on the Hatch 
Ranch, another in Union Gulch, 1^4 miles west of Em­ 
pire Gulch. These t\vo masses are essentially identical 
petrographically. Their outlines give the impression 
of plugs of irregular form. The western and smaller 
one is elliptical in plan, its longer axis trending north­ 
west, and has an area of about 900,000 sq ft (about -20 
acres). On the northeast it is bordered by a fault 
which raises pre-Cambrian rocks against it. Where it 
is flanked by Cambrian quartzite it appears to have 
risen in the center of a syncline bordered by the Cam­ 
brian. The eastern body is more irregular in plan, but 
is essentially triangular. It seems to have risen along 
the southern extension of the Union fault or more prob­ 
ably along the closely related Mike fault. It is bor­ 
dered on the north by most of the Paleozoic sequence, 
and else\vhere by pre-Cambrian granite.

DESCRIPTION

In contrast \vith most of the rocks of the Gray por­ 
phyry group and with the early White porphyry and 
later \vhite porphyry, the Little Union quartz latite is 
distinctly bro\vnish in color. Where fresh it is a light 
grayish-bro\vn; it \veathers to a darker color with rusty 
spots. Locally, especially near the margins, it con­ 
tains angular inclusions of kaolinized and sericitized 
earlier igneous rocks and of arenaceous and schistose 
rocks, probably of pre-Cambrian age (fig. 38). It is 
speckled with flakes of brown mica and with white feld­ 
spar crystals that are poorly terminated. Flow lines 
are faintly visible and some surfaces are slightly 
vesicular.

Under the microscope (fig. 48) the rock is seen to 
consist mostly of a groundmass of brownish glass en­ 
closing microlites of quartz, feldspar, and mica. This 
groundmass makes up about 60 percent of the total 
volume of the rock. The remainder is chiefly plagio- 
clase feldspar (25 percent), quartz "(& percent), bio- 
tite (5 percent), and smaller and decreasing quantities 
of orthoclase (sanidine), magnetite, green hornblende, 
apatite, zircon, and sphene. An interesting feature is 
the presence of small lenses, mostly visible only with 
the aid of the microscope, composed mainly of fine 
grains of quartz and a sericitized mineral, probably 
plagioclase. Such lenses evidently represent inclusions 
of other rocks now very largely resorbed.

Phenocrysts of orthoclase are few but large. They 
are generally shattered and veined with quartz, al-

FIGTJEE 48.—Little Union quartz latite. Note flow structure and frag­ 
ments of minerals (chiefly quartz, feldspar, and biotite). X 33; 
plain transmitted light. Head of Little Union Gulch.

bite(?) and sericite. Phenocrysts of plagioclase are 
zoned and commonly show well-defined multiple twin­ 
ning; in composition they range from oligoclase to 
aiiclesine.

CLASSIFICATION

The Little Union quartz latite was classed by Emmoiis 
as trachyte, but it is clearly too siliceous to come under 
that term as now7 applied. Moreover, the scarcity of 
orthoclase phenocrysts and the lack of evidence that the 
groundmass contains a sufficiently large percentage 
of potash \vould seem to distinguish it from the syenite- 
trachyte group of rocks. These facts, in addition to 
the intermediate composition of its plagioclase, \varrant 
classing the rock as intermediate, that is, between 
rhyolite and diorite; it may best be called a quartz latite.

AGE

The t\vo occurrences of Little Union quartz latite 
sho\v no definite structural evidence bearing on the age 
of the rock. Some of the inclusions, though highly 
altered, appear to be of early White porphyry, \vhich 
wTould thus antedate the quartz latite. Moreover, the 
occurrence of the rock along the probable trace of the 
Mike or of the Union faults suggests that its age is 
later than that of rocks of the Gray porphyry group 
and of the early White porphyry, \vhich are elsewhere 
offset by these faults. Finally, the rock is far less 
altered than much of the early White porphyry and 
most of the rocks of the Gray porphyry group. For 
these reasons the Little Union quartz latite is believed 
to be younger than most of the intrusives of the Lead- 
ville district, and is tentatively assigned to the same 
general age as the rhyolite agglomerate, that is, Ter­ 
tiary or perhaps very early Pleistocene (Emmons,
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Irviiig, and Loughlin, 1927, p. 59). Although the pos­ 
sibility is not excluded that it may be early Pleistocene, 
it is most probably Tertiary in age.

RHYOUTE AND RHYOLITE AGGLOMERATE

OCCURRENCE

Pipelike bodies and dikes of rhyolite or rhyolite 
agglomerate near Leadville closely resemble certain 
rock in the outlying area. Those in or near the district 
here described wyere first mentioned by Loughlin and 
his associates in 1927 (Emmons, Irving, and Loughlin, 
1927, pp. 55-59). In the Leadville monograph no such 
rock had been described except for an area on the south 
side of Empire Gulch, which apparently coincides wTith 
what is here mapped as a sill of the Iowa Gulch por­ 
phyry lying below or within the Maiiitou dolomite 
(Emmons, 1886, pp. 351-352). In the outlying Lead­ 
ville area no outcrops of unmistakable rhyolite were 
found at the surface. In the immediate vicinity of Lead­ 
ville, as has been pointed out by Loughlin and his 
associates, the rhyolite until recently wTas found only 
in underground workings where it is easily mistaken 
for a fault breccia; however, obscure outcrops of a pipe 
that was discovered in the Resurrection mine in 1939 
have been recognized around the small lakes to the 
northwest by E. T. Walker, geologist of the Resurrec­ 
tion Mining Co. (Personal communication).

An example can be seen in an old tunnel (prospect 
O-49, one of the Little Troubadour group) 011 the south 
side of Iowa Gulch about due south of the iiewT Helleiia 
shaft. The south heading of the east drift crosses a 
fault zone, cuts through beds of the Weber (?) f orma- 

"tioii, and finally enters a mass of rhyolite agglomerate. 
A similar occurrence was noted in a tunnel (prospect 
P-39, the easternmost of the three subparallel tunnels 
east of the shaft) located 011 the upper road, approxi­ 
mately 800 ft due northeast of the Lillian Mine on the 
south slope of Printer Boy Hill. The agglomerate 
here strongly resembles a breccia, for it seems to follow 
a vertical fissure.

PETROGRAPHY

Nowhere in the region here described has the writer 
observed a f acies of the rhyolite that might be regarded 
as a true flowT ; instead, it is everywhere an agglomerate 
or breccia. Its appearance in the Little Troubadour 
tunnel mentioned above is typical. Megascopically 
it bears much resemblance to a fault breccia, for frag­ 
ments of rock, generally angular, predominate. Close 
examination, however, shows the presence of flow lines, 
though these are largely concealed by the extreme 
bleaching and silicification that the rock has undergone. 
Some of the contained fragments are of micaceous 
" Weber (?) grits"; others are of the Gray porphyry 
group and white porphyries, and still others are of 
pre-Cambriaii granite. In general, the early matrix 
appears more altered than the agglomerate described

by Emmons, Irviiig, and Loughlin, but, as in the 
examples cited by them, kaolin is the chief alteration 
product.

Under the microscope (fig. 49) the glassy base of the 
rock is seen to contain conspicuous brownish flow lines, 
numerous oriented inclusions wTith a subparallel (trachi- 
toid) arrangement, and drawTii-out patches of devitrified 
glass. Many subaiigular fragments or pheiiocrysts of 
quartz and a few of plagioclase are seen. Most of the 
feldspar "pheiiocrysts" are shattered and their larger 
cracks are filled wT ith quartz, small amounts of hydro- 
thermal sericite, and large quantities of carbonates 
believed to be late hydrothermal or weathering prod­ 
ucts. Primary magnetite and a very fewT shreds of 
biotite wTere also noted. Some specimens contain 
secondary pyrite and sparse grains of topaz, suggesting 
the rhyolite reported from Chalk Mountain by Cross 
(in Emmons, 1886, pp. 347-348). The matrix is so 
greatly altered that it is impossible to recognize any 
primary minerals.

FIGURE 49.— Rhyolite agglomerate. Shows flow lines in light-brown 
glass and finely crystallized quartz, surrounding fragments of coarse 
quartz and altered feldspar crystals. X 33 ; plain transmitted light. 
From "dike" in prospect south of Helena mine, Iowa Gulch.

AGE

The above description suffices to show the close resem­ 
blance between the rock here described as rhyolite from 
the workings of the Little Troubador group and else­ 
where and that mentioned by Emmons, Irving, and 
Loughlin as occurring in the Josie, Ollie Reed, and 
Eureka pipes. The rock described by them appears 
chiefly in pipes, whereas that observed in the IowTa 
Gulch region has been found only in dikes; howTever, 
fingerlike dikes have also been described by Loughlin 
and his associates (Emmons, Irving, and Loughlin, 
1927, pp. 56-57), extending outward from the pipes
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similarly to some of the "clastic dikes" described by 
Burbank (1941, pp. 204, 205) and to the dikes here 
mentioned. Structurally and lithologically, therefore, 
the breccia in dikes of the Little Troubador tunnel and 
of mines nearby closely resemble the agglomerate of the 
Josie pipe and others nearer Leadville, and may reason­ 
ably be referred to the same age—"Tertiary or perhaps 
the very early Pleistocene" (Emmoiis, Irving, and 
Loughlin, 1927, p. 59).

STRUCTURE

GENERAL SUMMARY

EARLIER GEOLOGIC WORK

In the early work of Haydeii and his associates (1881) 
the broader lines of the structure of central Colorado 
were recognized and correctly drawn. The studies of 
Hayden served as the basis for the more detailed work 
of Emmons (1886) who gave a picture of the Leadville 
district on a larger and more accurate scale; in some of 
his work in the immediate vicinity of Leadville Emmons 
used so large a scale of mapping that the structural 
and areal geologic relations affecting mining could be 
very clearly expressed, but in other areas peripheral to 
the central area his maps did not permit as great detail, 
the scale being only 1: 31,680. Emmons, Irving, and 
Loughlin (1927), while accepting with some revision 
the chief structural features outlined in these earlier 
studies, revised the maps prepared by Emmons mainly 
in the light of information furnished by the intervening 
four decades of underground exploration. They dem­ 
onstrated that faulting had been a more important 
factor in the structural history than had been recog­ 
nized in Emmons' earlier work, yet little detail was 
added to the structural picture of the area surrounding 
the immediate environs of Leadville for no new areal 
work was undertaken in the peripheral region. They 
realized the inadequacy of the information available 
as to the broader structure in the inner parts of the 
Leadville district and urged that a detailed study of the 
surrounding region be made.

The following discussion deals with structure in 
detail in the entire area mapped, with the exception 
of that part already mapped on a scale of 1 : 9,600 and 
published as plate 13 of Professional Paper 148. In 
addition, short discussions are included of structural 
observations made in newly opened parts of the Ibex 
group of mines on Breece Hill, the South Ibex or Venir 
properties on the southwestern slope of Breece Hill, 
and the Eureka and related properties on the northern 
slope of Ball Mountain. With the exception of these 
particular areas, however, it is assumed that plate 13 
of Profesional Paper 148, the map of the immediate 
environs of Leadville, is essentially correct.

MAIN STRUCTURAL FEATURES

The main structural feature of the region is a large, 
eastward-dipping, faulted monocline composed of the

Paleozic formations and the sills intruded into them. 
This is essentially a part of the eastward-dipping limb 
of a major anticlinal structure of which the axis is 
roughly along the crest of the Sawatch Range, approx­ 
imately 20 miles to the west. Although there has been 
some folding parallel and transverse to the regional 
northerly trend of the homocline, the folds so produced 
are commonly local and related to drag on faults; such 
folds, in fact, generally have axes parallel to the strike 
of the faults. Except for local drag effects, the dips 
of the sedimentary strata rarely exceed 25°, and even 
where there has been fault drag the abrupt changes in 
dip characteristic of local close folding are absent.

Upon this monocline, generally dipping eastward, is 
imposed a pattern of faults and folds which is simple 
in plan but complex in its effects. The simplicity in 
pattern of the faults is due to the general parallelism 
of their traces 011 the present surface. The complexity 
in effects is caused by the facts that the dips are varied 
and the throws differ markedly from fault to fault and 
even along the same fault. The net effect of the fault­ 
ing, however, is steplike, for along almost all of the 
major faults the east side is relatively higher. They 
constitute what Cloos has designated an antithetic fault 
pattern (Cloos, 1928, p. 251; Balk, 1936, pp. 60-61) ; 
that is, they have net uplifts which have tended to com­ 
pensate for the rise of the strata westward incidental 
to the formation of the major eastward-dipping homo­ 
cline. Typical structures of the region are shown on 
plate 2.

POSSIBLE SOURCES OF ERROR

In contrast with Professional Paper 148, this report 
is based mainly on surface rather than underground 
data. Of the relatively small number of mines once 
operated in the marginal part of the Leadville district, 
only a few are still accessible, and even in these mines 
the workings are not generally extensive. Conse­ 
quently the structural evidence is in many places incom­ 
plete. At higher altitudes the exposures are generally 
good, but the heavy glacial cover in the bottoms of 
Evans, South Evans, Iowa, and Empire Gulches adds 
further difficulties to an understanding of the structure.

The most serious difficulty, however, is the fact that 
in areas where the most doubt exists—as, for example, 
in Iowa Gulch near the Helleiia mine—the under­ 
ground data on which an interpretation hinges are 
usually found only in older reports by geologists and 
miners, whose observations not uncommonly seem to 
conflict with other first-hand evidence. Thus the per­ 
sonal factor has to be duly weighed.

For these reasons especially, some of the structural 
interpretations set forth below are subject to error. 
An attempt has been made to indicate on the map and 
on structure sections their degree of reliability by using 
solid lines for boundaries and other structural features 
based mainly 011 factual observations, and by using
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clashed lines for those which involve personal factors 
or a large degree of inference.

FOLDS 

GENERAL CHARACTER

Across the major hoinocline that underlies the region 
strikes range from N. 5°-25° W. over most of the area; 
the eastward dips range from 7° to 25° and average 
about 18°. In the northern part of the area, however, 
from Canterbury Hill eastward to the Board of Trade 
mines, most of the strikes are westerly, and along the 
crest of the range to the south they are chiefly north­ 
easterly. There are also numerous local deflections in 
strike and dip along cross folds or in zones affected by 
fault drag. Thus, on Empire Hill the dominant strikes 
are N. 60°-70° E. with southeasterly dips, but this de­ 
parture from the normal direction of strike is in part 
assignable to drag along the Mosquito fault. On the 
southwestern slope of Little Ellen Hill there is an area 
where the beds strike due east and dip 20° N., but this 
deflection, again, appears to be local. It will be recalled 
that on most of the major faults the western side is 
lowered. Associated with many major dislocations is 
an effect suggestive of drag whereby the beds along the 
western wall, for example, dip steeply westward for 
distances rarely exceeding a hundred yards before they 
flatten, as though in the trough of a syncline, and then 
resume their normal eastward dip. These features, 
whatever their cause, give the impression of folding 
(pi. 2). Actually such structures are gently pitching 
troughs with axes parallel to the faults that truncate 
their eastern limbs. Each has a corresponding anti­ 
cline on its western limb. As these downfolds west of 
the major faults are conspicuous, the more striking 
examples are described individually.

Most of the folds seem to have a northward pitch, 
because the regional monocline has a strike that trends 
more west from north than does the range crest itself. 
For example, the contact between the Cambrian and 
pre-Cambrian, exposed at the southern end of the area 
at an altitiude of 13,550 ft on Horseshoe Mountain, 
falls to an altitude of 12,100 ft at a position 5 miles al­ 
most due north of this, on the Mosquito Pass road along 
the northern slope of Evans Amphitheater. The contact 
between the same two units, as exposed farther west 
drops from 12,025 ft at Kocky Point to 11,600 ft V/2 
miles nearly due north. The northward components of 
dip for the two examples cited are respectively 240 and 
280 ft per mile. (Sections F-F', G-G', and H-H', 
pi. 2.) The similarity of these two figures, though 
taken from widely separated areas and in slightly dif­ 
ferent directions, indicates the constancy of the north­ 
ward component of dip and favors its interpretation 
as of regional rather than local origin.

It may be noted here that Emmons (1886) tended to 
assign most irregularities in outcrop to folding, as

opposed to faulting. Subsequent studies, chiefly under­ 
ground and in the excellent exposures near the cr^st of 
the range, east of the area studied in detail by Emmons, 
have demonstrated the importance of faulting and 
reduced to a minor role many of the folds that Emmons 
indicated; indeed, it is now clear that folds on axes 
transverse to the major faults and independent of fault 
drag are almost negligible.

The outcrop pattern shown on the areal map, plate 1, 
gives the illusion of folds in localities where the beds 
are actually nearly horizontal. Circular or ovoid out­ 
crop patterns (as on Upper Long and Derry Hill and 
West Dyer Mountain) merely reflect the influence of 
knoblike hills on the outcrops of uniformly eastward 
dipping formations. There are also numerous small, 
gentle rolls or local changes in strike, but they are of 
little structural significance.

UNION SYNCLINE

A strong synclinal fold, designated the Union syn­ 
cline, extends southward from near the Mitchell Ranch 
in sec. 5, T. 10 S., R. 79 W. through the center of sec. 8. 
Its axis strikes clue south. Although this syncline is 
not clearly exposed near Mitchell Ranch, its trough or 
axis is well indicated a mile farther south by a sill of 
early White porphyry preserved between bordering 
outcrops of the underlying, synclinally folded Lead- 
ville dolomite. The natural exposures here are not 
good but there are numerous prospect pits, which reveal 
bedrock, and the distribution of these pits affords con­ 
vincing evidence of the fold. On both the eart and 
west limbs of the syncline, the Dyer dolomite and Part­ 
ing quartzite members of the Chaffee formation are 
visible, and still farther from the axis there are out­ 
crops of a sill of Iowa Gulch porphyry, which here lies 
within the Manitou dolomite. From the center of sec. 
8 southward to Little Union Gulch, the eastern limb is 
cut off sharply by a fault, discussed below, which brings 
pre-Cambrian rocks on the east against Leadville dolo­ 
mite on the west. Southward the syncline ends against 
a large mass of Little Union quartz latite. Th«, syn­ 
cline is distinctly asymmetrical, as shown by the greater 
width of each formation exposed on the western limb of 
the fold; apparently the dip steepens on the eastern 
limb against the fault.

From Mitchell Ranch northward there is only a sug­ 
gestion of the fold where the axis (as located in rec. 8), 
if projected northward, would cross the Blow Ditch. 
Still farther north the east limb is cut off by the Mike 
fault, but features suggestive of the iiorthwari con­ 
tinuation of the Union syncline appear between the 
Mike and Pilot faults in the vicinity of the Yak tun­ 
nel, as shown by a cross section published in Profes­ 
sional Paper 148 (Emmons, Irving, and Longhliii, 
1927, pi. 15, sec. E-E').
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EMPIRE HILL STNCLINE

The summit of Empire Hill, in the eastern half of 
section 9 and the western part of sec. 10, T. 10 S., E. 79 
W., is on the axis of a fold here designated the Empire 
Hill syncline. The axis of this structure trends ap­ 
proximately south. The eastern limb of the syncline 
dips steeply westward, apparently because of drag 
along the Mosquito-Weston. fault (described below) 
which brings pre-Cambrian rocks on the east up against 
Paleozoic rocks on the west. The effect of faulting 
upon the eastern limb was to drag the beds locally to 
an overturn with dips of as much as 75° E., as shown 
on the saddle east of Empire Hill. The western limb 
of the fold, on the other hand, has dips as low as 18° 
(sees. C-C' and D-D', pi. 2).

On the summit of Empire Hill the strike of the 
Weber (?) formation is N. 60°-70° E. and its dip is 
15°-20° S. Evidently the fold pitches southward at a 
fairly steep angle, for dips of -tO°-45° S. are recorded a 
short distance east and southeast of the 12,320-ft summit 
of Empire Hill.

SHERIDAN TRANSVERSE SYNCLINE

On Mount Sheridan and the adjacent West Sheridan 
Mountain the beds are deflected from their normal 
regional strike and dip by a transverse synclinal fold 
of northeasterly trend and plunge (sees. C-C' and 
G-G', pi. 2). Southwest of the southerly of the two 
West Sheridan peaks the strikes are slightly west of 
north and the dips are gently northeastward, and these 
directions persist southward along the range crest to 
Peerless Mountain; on the northern slope of Mount 
Sheridan, the strikes are east of north and the dips are 
southeast, These facts serve to outline the axis of a 
fold transverse to the typical northerly strike and east­ 
erly dip of the regional structure. This fold is strong­ 
est along a north-south section, such as section H-H', 
plate 2. Because of the easterly dip of the regional 
homocliiie, this transverse fold plunges eastward.

MONOCLINE OF UPPER LONG AND DERRY HILL

Viewed from Iowa Gulch, the beds of Cambrian 
quartzite on the north slope of Upper Long and Derry 
Hill are seen to dip steeply westward, contrary to the 
regional structure, in a conspicuous monocline, here 
designated the Long and Derry monocline. The base 
of the Sawatch quartzite crops out at an altitude of 
about 11,750 ft 011 the slope due north of the hill's crest 
but declines westward in l/2 mile to 11,250 ft at a point 
due south of the Hellena mine. This sharp reversal 
of the regional dip is one of the most striking of the 
entire district.

Probably, the Long and Derry monocline wT as pro­ 
duced by the westward thrusting and drag along the 
Weston fault complex to the west. The other major 
faults of the region show similar drag effects and this 
one is typical. It is noteworthy only because it is

greater than most others. Southward the moiioclinal 
fold is lost in the fault complex 011 the southern slope 
of Upper Long and Derry Hill; northward it is cut off 
by the Iowa fault.

DYER MONOCLINE

The Dyer monocline is well exposed on the western 
slope of Dyer Mountain, where the interfingering 
masses of Weber (?) formation and porphyries are seen 
to dip steeply to the north. The beds dip as much 
as 45° northward and strike nearly due east. This 
monocline is graphically illustrated in section H-H', 
plate 2, and recorded on the map by a decline in the 
coiitacl^ between the lowest Weber (?) strata and the 
underlying White porphyry from an altitude of 13,000 
ft due west of the crest of Dyer Mountain to one of 
12,750 ft 1/2 mile north, at the col between tH Evans and 
Dyer Amphitheaters. Still farther nortli this trans­ 
verse monocline swings into the usual iiorthwest-strik- 
iiig and northeast-dipping monocline characteristic of 
the region as a whole.

Very probably this monocline is accentuated by the 
relatively abrupt thickening in the great sill of early 
White porphyry resting on the Leadville dolomite 
(sec. H-H', pi. 2). This sill thickens from 60 ft 011 the 
west slope of Mount Evans to 600 ft on the southwest 
slope of Dyer Mountain, only l1/^ miles to the south. 
Upbowing of the sedimentary beds beneath the sill 
proves, however, that the steep northerly dip is due in 
part to tectonic movements.

LITTLE ELLEN SYNCLINE

On the southeast slope of Little Ell°n Hill, the 
Weber (?) strata and the sills of Evans Gulch and 
Lincoln porphyries are turned steeply upward toward 
the east, as though dragged by movement on the Mos­ 
quito fault. There is thus outlined a structure here 
designated the Little Ellen syncline, of northward 
plunge, whose axis can be traced N. 10° E. across the 
crest of Little Ellen Hill and onward toward the head 
of Birdseye Gulch (sec. A-A', pi. 2). The syncline is 
asymmetrical, with the steeper dips on the eastern side, 
adjacent to the Mosquito fault.

Good exposures of the westward dipping rocks of the 
eastern limb of the syncline are not common. They are 
usually found close to the fault trace only, but in some 
localities—for example on the eastern slope of Little 
Ellen Hill—they are not uncommon.

BIRDSEYE GULCH SYNCLINE

For about 2,000 ft east of the col between the head 
of Birdseye Gulch and the northern branch of Evans 
Amphitheatre, the Weber ( ?) strata and associated 
sills dip westward in sharp contrast with the eastward 
dipping rocks to the west. These westward-dipping 
beds form the east limb of the Birdseye Gulch syn­ 
cline, almost on the northward strike continuation of
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the Little Ellen syncline described above and, like the 
latter, bounded on the east by the Mosquito fault. The 
resemblance between these two folds suggests that per­ 
haps they should be regarded as virtually one syncline, 
and both attributed to the drag that accompanied move­ 
ment along the great Mosquito fault.

FAULTS AND FISSURES 

GENERAL ASPECTS

The following discussion deals with faults and fis­ 
sures, fissure veins, fractures, and joints, but because 
the faults are more conspicuous and offer the clue to the 
structures, they are dealt with in most detail. Like 
those in the region adjacent to Leadville, the faults of 
the area here described fall into three general classes— 
premineral reverse, premiiieral normal, and postmin- 
eral normal. Some faults, however, appear to have 
been the sites of two successive movements, one reverse 
and the other normal. Along such faults, only the net 
effect of the several movements is recorded in the dis­ 
placement now visible, and of course the records of 
successive stages are lost. At least three faults having 
possible multiple and opposite movements are reported 
by Emmoiis, Irving, and Loughlin (1927, pp. 77-78 and 
p. 80). Such effects are not surprising because later 
deforming forces could most easily be relieved by move­ 
ment along fractures made during an earlier time of 
deformation although the nature or direction of the 
deforming force may have been different.

The dominant trend of the faults is northerly and, 
as their dips are steep, even the rugged topography 
does not cause their outcrops to depart greatly from 
northerly courses. A few faults of small displace­ 
ment strike more nearly east and west; for example, 
on the southern slope of Canterbury Hill some faults 
of considerable throw, apparently allied to the Peiidery 
fault, strike N. 45°-50° E. In the southern head of the 
Evans Amphitheater one normal fault of small dis­ 
placement but almost a mile in length strikes N. 55° 
W. In the Iowa Amphitheater some normal faults 
strike N. 55°-90° W. On the east wall of the Empire 
Amphitheater some minor faults strike N. •45 0-'T0 0 E., 
and between Empire Hill to the east and the heads of 
Empire and Union Gulches to the west, there are sev­ 
eral faults, the strikes and courses of which are vir­ 
tually due east. The only faults of large throw that 
strike in a direction markedly different from due 
north, however, are the Iowa (Iowa Gulch) fault near 
the Hellena mine, and the South Dyer reverse fault 
in Dyer and Iowa Amphitheaters; the former has a 
strike generally due east and the latter has an average 
strike of about N. 50° W.

Most of the normal faults are nearly vertical and 
even the reverse faults have uncommonly steep dips. 
Noteworthy exceptions are the South Dyer and a few 
minor reverse faults on the west flanks of Mounts Sher-

inaii and Sheridan. These faults have dips sufficiently 
low to be regarded as low-angle thrusts, but in these 
examples the small horizontal displacement hardly 
justifies the term thrust.

Almost without exception the east sides of the major 
faults are upthrown. This observation had already 
been made by Emmons, Irving, and Loughlin (1927, 
pi. 39, opp. p. 61; also p. 97), where it was shown that 
movement along the major faults was mainly uplift, 
that the northern part of the Weston fault was the only 
major fault whose east side was downthrown, and that 
even this fault conforms with the general rule in places. 
In some localities of subparallel minor faulting, alter­ 
nate small fault blocks have been moved up or down, 
as illustrated by the offset of Cambrian key horizons 
on the northern slope of Upper Long and Derry Hill 
and by the faults cutting across the Union syncline 
near the heads of Union and Empire Gulches. Else­ 
where, the movement has been steplike, as illustrated 
in the series of offsets of the Parting quartzite member 
of the Chaffee formation on the southern slope of 
Printer Boy Hill. There the upthrow is uniformly on 
the eastern side, much as in the larger movements.

Many of the larger faults divide into branches along 
their strike and each thereafter takes up a part only 
of the displacement of the major fault and finally dies 
out. Illustrations of this type of distributive faulting 
or ''virgation,11 called by the miners "sprangling out," 
''horse-tailing, 1" or "forking,," are furnished by the* 
Union, Weston, East Ball Mountain, and Liddia faults, 
as described below. Other major fault planes split into 
two parts, each of which takes up a part of th?- dis­ 
placement elsewhere represented entirely along the 
main fault; farther on the two branches may reunite. 
Examples of this type of branching are conspicuous 
along the South Dyer, Ball Mountain, Weston, and 
Mosquito faults.

Bedding-plane faults, similar to those already dis­ 
cussed in Professional Paper 118 (Emmons, Irving, 
and Loughlin, 1927, pp. 64-65) were formed ne?,r the 
terminations of many of the lower-angle thrust faults, 
the movements of which were distributed along the 
bedding and generally near the crest or trough of an 
intersected fold. Several examples of this type of 
distributive faulting are described below.

A common phenomenon accompanying later defor­ 
mation was the renewal of movement along an old 
fracture. Several places where this probably occurred 
were noted by Emmons, Irving, and Loughlin (1927, 
pp. 78, 80)—for example, along the Weston, Mike, and 
Mosquito faults. One significant example, proved by 
interesting evidence, is a small subsidiary fault parallel 
to the main Hellena fault on the fifth level of the 
Hellena mine and east of it. The drift is in early TVhite 
porphyry, presumably a sill, as grits of the Webe r (?) 
formation lie above and below the porphyry e?st of
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the fault on the first and third levels. A steep fault 
both walls of which consist of early White porphyry, 
is indicated by steeply dipping bands of black shale of 
the Weber (?) formation, enclosing alined fragments 
of the porphyry (fig. 50). The shale and the included 
fragments probably represent gouge torn from shale 
of the Weber (?) formation and porphyry at a time 
when one wall of the fault at this level was shale faulted 
down against the early White porphyry; subsequently 
a reversal of movement brought porphyry once more 
opposite porphyry on this level. A similar process 
may account for blocks of pre-Cambrian granite found 
between walls of the Weber (?) formation of the main 
Hellena fault on the upper levels. An alternative 
explanation is that the shale was rendered sufficiently 
plastic during faulting to flow up or down along the 
fault plane, carrying with it fragments of the more 
brittle porphyry.

W.

FIGURE 50.—Shale "dike" fragments of the White porphyry. Note 
oblique arrangement of elongate porphyry particles suggesting move­ 
ment indicated by arrows. Hellena mine, 5th level, east.

PLAN OF DESCRIPTION

Neither the exact nature nor the age of several of the 
faults described below is fully known, hence they are 
described in a geographic order. For this purpose the 
area here mapped in detail and surrounding the central 
Leadville district has been divided into three sections— 
northern, eastern, and southern. The northern sec­ 
tion lies north of latitude 39°15/45// and extends from 
the western edge of the area mapped eastward to longi­ 
tude 106°13'00" W.—that is, to an imaginary line 
extending southward from the western edge of the 
cirque containing the Board of Trade mine toward the 
Diamond shaft. The eastern section extends from 
longitude 106°13'00" W. to the east margin of the area 
mapped. The southern section embraces the remainder 
of the mapped area south of latitude 39°13'45". The 
central Leadville district, whose southern and eastern 
boundaries respectively are formed by the sections just 
outlined, and whose northern boundary overlaps 
slightly the northern section as defined above, has 
already been described in Professional Paper 148 and 
only a few slight changes from the account given there 
will be mentioned in the sections that follow.

In each of these sections the faults are described from 
west to east and from north to south. Each major 
fault is treated in detail, and under the srme heading 
mention is made of the allied or closely associated 
minor faults, fissures, and fissure veins.

FAULTS OF THE NORTHERN SECTfON

HYPOTHETICAL NORTHWEST-TRENDING FAULT AND RELATED 
STRUCTURES

In Monograph 12, the area northwest of the town of 
Leadville between Capitol Hill and the cemetery was 
figured as one of fairly normal structural relations in 
which the only complication was the presence of a 
tongue of white porphyry interpreted as separating 
locally the Blue from the White limestone; some irregu­ 
larities in the .contact between the pre-Cambrian and the 
higher formations were also recognized (Emmons, 1886, 
Atlas Sheet 14). In Professional Paper 148, the exist­ 
ence of a hypothetical fault was indicated on plates 11 
and 13 and on the corresponding structure sections. The 
fault was believed to dip west and thus to be a normal 
fault, bringing a small mass of pre-Cambrian rocks, 
northwest of Capitol Hill and west of the area shown on 
plate IT of Professional Paper 148, against a larger 
mass of White limestone (Manitou dolomite) which lay 
still farther west and for whose occurrence in the area 
near the Leadville cemetery Irving had adduced some 
evidence.

In the course of the work here reported, opportunity 
was afforded to study the area adjacent to the mouth 
of Evans Gulch and upstream-along the East Fork of 
the Arkansas River to a point due north of the Canter­ 
bury Hill tunnel. The exposures of bedrock in this area 
are few, and the cover of alluvium and glacial outwash 
in the valley of the two streams mentioned is heavy; 
nevertheless, fairly convincing evidence cm be found 
for the presence of at least four faults. Detailed 
mapping was not carried northwest into this area.

The easternmost of the four faults would seem to 
correspond to the "hypothetical fault" shown south of 
the East Fork of the Arkansas River on the maps of 
Professional Paper 148. Its extension north of the 
East Fork is indicated by a fairly abrupt widening in 
the outcrop of Leadville dolomite. The effect of this 
fault is apparently to raise the west side, though south 
from the southern edge of the area the relative move­ 
ment is reversed. The unusual hingelike effect of this 
movement is really due to differences in the direction 
of dip of the beds on opposite sides of the fault.

The other three faults are exposed on the slopes 
north of the East Fork of the Arkansas River. The 
first fault has a northeasterly strike and brings Lead­ 
ville dolomite against Manitou dolomite. The gen­ 
eral strike of the beds of Leadville dolomite on the 
north bank of the East Fork, averages N. 30° W. and 
the dip is 10° to 15° SW. About 1,000 fx, west of the
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point where these observations were made, the dolomite 
is strongly shattered as though by faulting, and about 
500 ft farther due west shattered Manitou dolomite 
crops out, striking N. 25° E. and dipping 60° to 70° SE. 
This steepening of the dip is suggestive of a fault hav­ 
ing the southeast side downthrown. An alternative 
explanation is that the eastern side moved southwest- 
ward along the fault plane. The movement might thus 
have been either chiefly vertical or chiefly horizontal.

Farther west, pre-Cambrian gneissic granite appears 
on the line of strike of the Manitou dolomite and shale 
of the Peerless formation. This indicates the presence 
of the second fault, whose movement may have been 
like that of the first, the east side having been 
downthrown.

Still farther west in the valley of the East Fork, 
about 1,200 ft west of the place where the highway 
crosses the stream, the third fault, to judge by the drag 
of the beds, cuts Cambrian quartzite, dipping 45° E. 
and striking iiorthnortheast. The east side is down-~

thrown, much like the two similar faults to the east.

PENDERY GROUP OF FAULTS

The Pendery fault was mapped by Emmons and 
Irving in their study of the Downtown area (Emmons 
and Irving, 1907, pp. 27-28) and is shown without 
revision in Professional Paper 148 (Emmons, Irving, 
and Loughlin, 1927, pp. 87-88 and pi. 13). It is the 
largest of a rather closely spaced group of faults, 
mapped in part in the Canterbury Hill tunnel, in part 
in the new Leadville drainage tunnel. The northern 
extension, west and north of Fryer Hill, could be only 
roughly suggested in earlier work, and the new drain­ 
age tunnel, driven in 1945, cut it about 1,000 ft west of 
its indicated position, the trend of the fault at the 
level of this tunnel being N. 34° E. and its dip 67° NW. 
Its aggregate throw in the Downtown area ranges from 
1,000 to 2,000 ft; at the new drainage tunnel it is 1,500 
ft or more. The trend and amount of throw indicate 
that the main Pendery fault should have been cut by the 
Canterbury Hill tunnel, but no fault that could be 
definitely correlated with it was found there (pi. 1), 
though the fact that a thick sheet of gray Johnson Gulch 
porphyry lies on both sides of the expected position 
of the fault would make the finding of the fault difficult.

In the Downtown area it was demonstrated that cer­ 
tain faults east of the Pendery fault are members of the 
Pendery group, having similar strikes and dips and 
supplementary movement. North of Fryer Hill also 
the irregular pattern of the sedimentary rocks, as ex­ 
posed in outcrops and mine workings, points to the 
presence of a similar group of subordinate faults. 
Locally, as at the eastern shaft of Prospect A-94 and 
in the pits of Prospect A-82 (pi. 1), wide breccia zones 
and considerable crumpling indicate the presence of 
such faults. They have northeasterly trends and ap-

998133—53 ——6

pear to be roughly parallel with the Pendery fault. 
They cannot be traced far south of the Chicago Boy 
mine, as they enter a thick sill of Johnson Gulch por­ 
phyry where surface exposures and underground data 
are lacking. It is believed that these minor faults cut 
the northwest extension of the Mikado fault. None of 
these faults of the Pendery group has a large displace­ 
ment ; surface observations indicate that only two have 
a stratigraphic offset exceeding 100 ft (sec. A-A', pi. 
2).

IRON FAULT AND ITS BRANCHES

The Iron fault, according to Professional Paper 148 
(Emmons, Irving, and Loughlin, 1927, pi. 12 and p. 
89), extends from the west side of Iron Hill north­ 
eastward to Little Evans Gulch, but its termination at 
the northern end is not known. A northeastward- 
trending fault in line with it 2,800 ft due west of Lake 
Isabelle offsets one of the sills of Evans Gulch porphyry, 
which here cuts the Weber (?) formation. Because 
of its seeming continuity with the previously rec­ 
ognized trace of the Iron fault east of the Pawnolos 
shaft, this fault is regarded as the eastern and some­ 
what more conspicuous branch of the Iron fault.

About 3,500 ft east of the Chicago Boy mine, an out­ 
crop of silicified Leadville dolomite, locally much shat­ 
tered (as at Prospect A-98 and the Uncle Sam shaft) 
is indicative of an upthrown block, possibly bounded 
by two western branches of the Iron fault, or by related 
parallel faults. Farther northeast, in line with the 
western of these two branches, sills of Evans Gulch 
porphyry in the Weber (?) strata are offset, asv sl own 
on plate 1. These two faults are mapped tentatively 
as western branches of the Iron fault, but their connec­ 
tion with the main part is not definitely traceable.

For a brief description of the southern end of the Iron 
fault, see page 71.

NORTHERN END OF THE WESTON FAULT

At the northernmost place on the Weston fault where 
measurements can be made, the fault dips steeply east­ 
ward and drops the eastern side 60 ft (Emmons, Irking, 
and Loughlin, 1927, p. 79). The northward extension 
of the Weston fault is probably slightly offset where it 
is intersected by the later Iron fault, in accordance with 
the probable dips and known displacements of the two 
faults. The Weston fault thus projected may bo the 
cause of the peculiar offset of the Evans Gulch por­ 
phyry sill north of the Iron fault shown on the map, 
plate 1. There is no conclusive evidence, however, for 
correlating this offset with that due to the Weston fault 
south of the Iron fault, despite the similarities in 
amount and direction.

FAULTS OF LAKE ISABELLE AMPHITHEATER

Two small faults, apparently unmineralized, offset 
limestone lenses in the Weber (?) formation northeast 
of Lake Isabelle; each trends northeastward and the
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southern side of each is raised 20 ft. Two others are 
inferred west of Lake Isabelle to explain abruptly 
angular changes in the outline of the Evans Gulch por­ 
phyry sill that underlies most of the floor of the Lake 
Isabelle Amphitheater. None of these four faults shows 
signs of mineralization.

FAULTS OF THE EASTERN SECTION 

NORTHERN PART OF MOSQUITO FAULT

The longest and most conspicuous fault in this region 
is the Mosquito fault. If, with the Weston fault, it 
is regarded as making up a complex that begins at the 
southern edge of the area mapped, it can be traced 
for 61/2 miles within this area alone. It has been mapped 
in considerable detail much farther north, through 
Climax, 10 miles north of Leadville, to Tenmile Creek, 
20 miles north of Leadville (Emmons, 1896, pp. 3-4; 
Butler and Vanderwilt, 1931, pp. 332-333) and also 
southward to Weston Pass, 10 miles south of Leadville 
(Behre, 1932, pp. 61-63). Thus, the length through 
which it is well known is 33 miles. Reconnaissance work 
indicates that it is traceable for not less than 50 miles, 
as a similar and probably identical fault has been 
mapped far northward from Tenmile Creek, and also 
into South Park, 18 miles south of Weston Pass (U. S. 
Geol. Survey, Geological Map of Colorado, 1935; Stark, 
Johnson, Behre, and others, 1949, pi. 1). The Mosquito 
fault may therefore be regarded as one of the major 
faults of the Rocky Mountains in Colorado.

Northward from the point near Empire Reservoir, 
where it is concealed under alluvial cover but presum­ 
ably separates from the Weston fault, the Mosquito 
fault is of uniform character. The exposures from the 
reservoir northward as far as the crest of Upper Long 
and Derry Hill are too sporadic to give a clear picture 
of the fault itself. On the crest and northern slope 
of Upper Long and Derry Hill, and the south slope 
of East Ball Mountain the exposures are poor and 
only the presence at the same altitude of rocks of 
strongly dissimilar character and ages reveals the ap­ 
proximate location of the fault plane on the surface. 
The first direct evidence for the exact location of the 
fault is at a caved tunnel on the south slope of East 
Ball Mountain (Prospect N-128, pi. 1), where dump 
materials reveal considerable breccia of "Blue" (Lead­ 
ville?) dolomite, whereas pre-Cambrian granite crops 
out a few hundred feet to the east. The fault can be 
followed across the northwest shoulder of East Ball 
Mountain by tracing the pre-Cambrian granite on the 
east of the presumptive fault line and elastics of the 
Weber(?) formation on the west. The Mosquito fault 
also crosses the head of the north branch of South Evans 
Gulch as indicated by exposures of the Leadville dolo­ 
mite and the Dyer dolomite member of the Chaffee in 
a block lying between the main fracture and a north­ 
westward-trending branch. In the saddle between 
Little Ellen Hill and East Ball Mountain a small body

of an early White porphyry sill underlying the Dyer 
dolomite indicates the point where the two faults re­ 
unite. The displacement everywhere along the Mos­ 
quito fault is down on the west side with, commonly, 
an upward dragging of the beds.

On the southern slope of Little Ellen Hill beds of the 
Weber (?) formation, constituting the west wall of the 
fault, have been steepened by drag for a hundred yards 
from the fault plane and locally dip as much as 90° E., 
though normally not exceeding 20°. Still farther 
north, in the floor of the Evans Amphitheater, a series 
of openings, notably those of the Best Friend claim, 
have been made along the Mosquito fault revealing a 
sliver like that found in South Evans Gulch, bounded 
on the east by the main Mosquito fault ar d 011 the west 
by a local branch, that reunites with tr°. main fault 
about a mile farther north. East of the main fault the 
pre-Cambrian granite is at the surface; west of it in the 
sliver is Leadville dolomite, and west of the branch 
fault is the Weber(?) formation. Exposures are so 
poor, however, that the dips and strike? of the fault 
planes can not be measured.

At the northern edge of the area mapped, approxi­ 
mately 2,500 ft west of the range crest, the Mosquito 
fault crosses the spur connecting the main range with 
Prospect Mountain. The fault trace is covered by 
rubble, but soft shaly sandstones of the Y^eber (?) for­ 
mation 011 the west have been dragged upward abruptly 
and dip steeply west near the fault (sec. A-A', pi. 2). 
Springs issue along the approximate line of the fault.

The net down-dip displacement on the Mosquito fault 
is not less than 600 ft in the vicinity of East Ball Moun­ 
tain and increases northward to Birdseye Gulch; in 
the floor of Evans Amphitheater the throw is at least 
5100 ft. Both in this large displacement and in the 
upward drag along its west wall, the fault closely re­ 
sembles the combined Mosquito-Weston fault at the 
southern edge of the area mapped. The direction of 
dip of the Mosquito fault is known with certainty in 
only one place in the area mapped, but its straight trace 
in this rugged topography indicates that the angle of 
dip must be steep. On the southern slope of Empire 
Hill—the south edge of the Leadville area here de­ 
scribed—the Mosquito-Weston fault dips 75° to 80° E., 
and the walls are mineralized. The Mosq,uito fault 
was regarded as a postmineral normal fault by Em- 
moiis, Irving, and Loughlin (1927, p. 95) but the min­ 
eralization observed in Prospect N-128 southwest of 
East Ball Mountain and in Prospects C-80, C-88, and 
C-103, and especially the rich ore reported from the 
Best Friend and other mines nearby in the floor of 
Evans Amphitheater 2 prove that the Mosquito fault

2 John Harvey of Leadville, Colo., reports that in prospects south of 
the Best Friend, Doyle recovered about $100,000, clfefly in gold and 
silver and that a small amount of ore bearing 100 to 200 ounces of 
silver and 6.40 ounces of gold was recovered from veins parallel to the 
Mosquito fault in Prospect No. C-80.
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was present before mineralization began in these places. 
The reversals in direction of dip from place to place 
along its course favor the interpretation that the Mos­ 
quito is a steep fault. Further, the mineralization and 
intense compression to which the beds west of the fault 
were subjected at Weston Pass, Empire Hill, East Ball 
Mountain, Little Ellen Hill, Birdseye Gulch, and 
Climax, suggest that it is one of the premineral faults 
of compressional origin; indeed, it is one of the largest 
of this class so far mapped in the Mosquito Range.

FAULTS ON FLOOR OF EVANS AMPHITHEATER

Although they may not be branches of the Mosquito 
fault, the plexus of faults trending about N. 30° E. and 
traceable across the pre-Cambrian floor of the Evans 
Amphitheater appears to be a part of the Mosquito 
fault system. Three large faults can be traced from the 
northern slope of West Dyer Mountain to the north­ 
eastern wall of the Evans Amphitheater. Their dis­ 
placements, like that of the Mosquito fault itself, 
increase northward; measured at the boundary between 
the Cambrian and pre-Cambrian formations, the verti­ 
cal displacements on individual faults range from 50 to 
250 ft (sec. A-A, pi. 2). In addition, both the north­ 
ern slope of West Dyer Mountain and the northeastern 
walls of the Evans Amphitheater are cut by smaller 
faults, approximately parallel to the others; some of 
them raise the eastern, others the western wall, the ver­ 
tical displacements along each amounting to about 50 ft.

The hooked form of the seemingly vertical dike of 
later white porphyry that is cut and offset by the 
easternmost of the three large faults, suggests that the 
chief movement along them was horizontal; moreover, 
the fact that this dike itself is broken indicates that at 
least some of the movement on the fault took place 
after intrusion of the dike. It seems reasonable to 
assume that this faulting after intrusion represents 
renewal of movement on an existing fracture plane.

Finally, if the Mosquito fault and the associated 
minor faults are premineral but were reactivated after 
intrusion of the later white porphyry (itself probably 
later than mineralization), the mineralization must 
have followed soon after the first movement of the frac­ 
ture planes, after which came intrusion of the porphyry 
and renewed movement along the northeastward-strik­ 
ing set of faults in Evans Amphitheater. The writer 
favors this interpretation not only for faults subsidiary 
to the Mosquito fault in the region here discussed, but 
also for the Mosquito fault itself farther north at 
Climax.

One of the comparatively few northwestward-strik­ 
ing faults cuts across the one just described. The walls 
of this cross fault are highly iron-stained and much 
brecciated near Prospect C-89, where the fault dis­ 
places the later white porphyry dike referred to above. 
To the southeast it is hidden by the great rock stream

that descends from the main range to the east. This 
fault plane appears to be vertical, with a throw of about 
60 ft; the northeast side of the fault moved up. The 
vertical movement on this fault and the almost vertical 
dip of the northeasterly trending fault must account 
for the failure of either fault to offset the other where 
they intersect. Apparently, the horizontal displace­ 
ment along the north-trending fault increases north­ 
ward, being nothing at its intersection with the north­ 
westward-trending fault, about 200 ft where it cuts 
the dike of later white porphyry, and more than 1,000 
ft where it crosses the contact between the Cambrian 
and pre-Cambrian to the north.

FAULTS ON MOUNT EVANS

Several small faults that are nearly parallel to the 
Mosquito fault were mapped on Mount Evans. The 
only important one crosses the crest of the range about 
1,200 ft south of the summit of Mount Evans. It 
strikes N. 30° E. and lifts the eastern side about 40 ft.

FAULTS ON DYER MOUNTAIN

A broad shattered zone striking N. 70° E. crosses 
the northern knob of Dyer Mountain. Along it con­ 
spicuous bleaching and kaolinization of the rocks has 
taken place. On its northern edge this zone is inter­ 
sected by several less conspicuous jointlike fractures, 
deeply weathered, and yielding sharp columns at the 
range crest; these fractures strike N. 40° to 50° E. and 
dip 80° E. About 600 ft west of the summit of Dyer 
Mountain is a small fault trending parallel to the 
faults just described and apparently part of the same 
system.

FAULT COMPLEX ON EAST BALL MOUNTAIN

Several subparallel northerly and north-north­ 
easterly faults appear to branch from a fault seen at 
an altitude of 11,750 ft on the southern slope of East 
Ball Mountain. They are similar to the faults in Evans 
Amphitheater and parallel in strike to the Mosquito 
fault. They are most striking where they offset the 
contact between pre-Cambrian and Cambrian rocks 
or cross the sills of early White porphyry in the 
Cambrian rocks.

Of nine such faults, all of which can be seen to dip 
steeply westward, all except one raise the east side, and 
all have throws not exceeding 50 ft; their aggregate 
movement is about 350 ft up to the east. The longest 
of them cuts the South Dyer fault, a relatively low-angle 
reverse fault, failing to displace it markedly only 
because the South Dyer fault itself here turns sharply 
to a dip much steeper than its common one. None of 
the faults on East Ball Mountain is known to be min­ 
eralized, but small parallel fissures in the pre-Cambrian 
granite farther south contain gold.
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SOUTH DYER FAULT

The South Dyer fault is the nearest approach to 
a low-angle thrust of any in the area mapped, for where 
it is exposed it dips 40° to 65° NE.; it strikes trans­ 
versely to the general trend of faults in the area. Its 
north side is upthrown, bringing pre-Cambrian rocks on 
the north against Cambrian, Ordovician, and intrusive 
rocks on the south (sees. B-B' and G-G', pi. 2, and 
fig. 51). At its southeastern end, beyond the Liddia

subjacent sill of heavily sheeted early White porphyry. 
A second lens of Manitou dolomite adjoins the first one 
farther east along the fault trace. These details are 
too small to be shown on the map of the district, but are 
indicated on figure 53.

About 50 ft higher and 60 ft east of the eastern end 
of the lenses of Manitou dolomite a branch reverse 
fault unites with the major fault to the southeast. It 
is probable that similar distributive movements along

FIGURE 51.—East Ball Mountain, Dyer Mountain, and Dyer Amphitheater from West Sheridan Mountain. Diagram showing chief geologic features. 
Explanation: pre-Cambrian (p-C), Cambrian (-C), pre-Weber(?) Paleozoic sediments (PAL), Weber(?) formation (Ow), sill of Sacramento 
porphyry (sps), White porphyry (Tew). The location of the South Dyer fault may be clearly seen on East Ball Mountain and approximately 
on Dyer Mountain, but is only inferred in Dyer Amphitheater.

fault, it frays out in the bluffs west of Hill Top Pass 
(fig. 52), where its trace is marked by steep upturning 
of beds in the footwall, considerable shattering, and 
a splitting up into several minor faults, some of which 
pass into bedding-plane faults. Westward it is cut 
off by the Mosquito fault, but it may correspond to n 
fault having a similar east-southeast trace and a throw 
of 200 ft, which is seen in the block between the Ball 
Mountain and Mosquito faults. This segment is recog­ 
nizable on the map by its curved trace, which passes 
through a point 1,200 ft southwest of IT. S. Land Monu­ 
ment Alpha. It could be interpreted as the eastward 
continuation of the Iowa (Iowa Gulch) fault because of 
its parallel trend, but its northerly dip and its upthrown 
northern side favor its interpretation as a segment of 
the South Dyer fault.

Outcrop indications of the South Dyer fault are vari­ 
ous. A wide breccia zone lies along a part of its course 
on the southern slope of East Ball Mountain. The fault 
trace is well exposed on the southwest spur of Dyer 
Mountain; here it splits, and a small lens of Manitou 
dolomite, too small to be shown on plate 1, appears 
beneath the main fault plane and an accessory fault 
which acts as its southwestern boundary against the

bedding planes would be recognizable elsewhere along 
the South Dyer fault if the surface were adequately 
exposed. The facts noted illustrate well the irregular 
virgation, or splitting and reuniting, commonly ob­ 
served in low-angle thrust faults. It is significant that, 
despite shattering, silicification, and some iron-staining,

FIGURE 52.—Southwestern slope of Mount Sherman adjacent to branches 
of South Dyer fault to left (north) of northern branch of fault; 
Cambrian (C), irregularly intruded by sills of White porphyry ; thick 
White porphyry sill (WP) ; Manitou dolomite (Om) ; and Devonian 
and Mississippian rocks (D—-Jf).
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EXPLANATION
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FIGURE aH.—Detailed map of South Dyer fault, as exposed on south slope of Dyer Mountain.

there is no evidence of any economically valuable min­ 
erals along the outcrop of the fault.

Farther east the western branch of the Liclclia fault 
crosses and raises the South Dyer fault on the east 
about 100 ft vertically,, displacing its horizontal trace 
about TOO ft. Still farther east the South Dyer fault 
breaks into several branches which disappear on the 
southwestern slope of Mount Sherman.

LIDDIA FAULT

The relatively straight Liddia fault dips steeply 
west, and strikes generally X. 25° E. It its expused on 
the southern slope of Dyer Mountain near the Liddia 
mine (fig. 51) and in the workings of that mine, north 
of which it separates into two faults, both with up­ 
throw to the east (sees. B-P/, H-IF, pi. 2). Though 
not readily traced across Iowa Amphitheater, the fault 
appears to split near its southern end and some of the 
resulting fault planes are visible on the west spur of 
Mount Sheridan, one fault crossing the divide into 
Empire Amphitheater. All of these southern branches 
have the upthrow to the east. They all are vertical 
or dip westward.—at the Liddia mine about 75° at the 
surface and 65° underground. The vertical displace­ 
ment is 530 ft at the Liddia mine and increases south­ 
ward. About 300 ft north of the Liddia mine, where

the fault splits, the western branch has a throw of 
300 ft, the eastern branch a throw of only 35 ft. The 
western branch merges obliquely with a normal fault 
approximately parallel in strike with the bedding of 
the D3Ter fault. The eastern branch is lost in a thick 
sill of early White porphyry.

On the sheer cliffs that form the southern wall of the 
Iowa Amphitheater the four branches of the Liddia

FIGURE 54.—Trace of mineralized Liddia fault system near the head of 
the Iowa Amphitheater, showing offset of the potentially productive 
Leadville dolomite (Cl). A thick sill of White porphyry (Tew) can 
be seen near the head of the amphitheater. The Liddia Mine (near A) 
and the Continental Chief Mine (near B) are both located in the 
Leadville dolomite.
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fault have the effect of raising the successive contacts to 
the east in steplike fashion with a combined vertical 
movement of about 750 ft, most of which is along the 
easternmost branch.

It is noteworthy that in the Liclclia mine the main 
Liddia fault is supplemented by minor ones (well dis­ 
played in the workings) which differ from the main 
fault in their steep southeastward dips but resemble it 
by dropping the west side, in this case IT ft. In the 
description of the Liclclia arid adjoining properties, 
reasons are given for regarding the Lidclia fault as a 
postmineral fault which has displaced a once continuous 
ore body (p. 130-131).

FAULTS AT NORTH HEAD OF IOWA AMPHITHEATER

At the north head of the Iowa Amphitheater most 
of the faults are roughly parallel with the Liclclia fault. 
They strike N. 25°—40° E., dip west or are vertical, 
and raise the east side; the throw of any single fault 
nowhere exceeds 30 ft. These faults tend to be shat­ 
tered and open, indicating a teiisional origin.

The one northwestward-trending f aidt in this region, 
designated the Dyer fault in Monograph 12, is indicated 
in the floor of Iowa Amphitheater by repetition of the 
Manitou dolomite, and the Parting quartzite and Dyer 
dolomite members of the Chaffee formation. This 
fault dips southwest and has a maximum upthrow of 
about 50 ft to the north.

None of these faults offers any evidence of premineral 
movement and, by analogy with the strikingly similar 
Liclclia fault, all are probably postmineral.

NORMAL FAULTS ON MOUNT SHERMAN

On the western slope of Mount Sherman a complex of 
faults has visibly offset the sedimentary formations and 
the intruded thin sills. In general these faults clip 
steeply, and all are normal. There is no uniformity in 
strike; some of the faults, such as the Liclclia fault and 
those at the head of Iowa Amphitheater, trend north­ 
east, but a few trend west or northwest. Careful study 
of relations between these two sets of faults suggests 
that they were essentially contemporaneous in origin; 
in one locality, 3,000 ft south of the Continental Chief 
mine, an east-west fault cuts a northeasterly one, 
whereas 1,500 ft to the southwest the northeasterly 
fault displaces two of northwesterly strike.

Ore has been mined near these faults but there is no 
obvious evidence of ore; the mine workings are no 
longer accessible for study, so whether any of the faults 
are of premineral age cannot be determined.

THRUSTS ON MOUNT SHERMAN

Four low-angle thrust faults of small displacement 
and extent are recognizable on the west slope of Mount 
Sherman. Three of them lie near the McGuire prop­ 
erties (Prospect N-106, pi. 1) ; the fourth is approxi­ 
mately 3,500 ft to the south. All are closely similar

in strike, ranging from N. 5° W. to N. 25° E., and dip 
35° to 60° E.; on all of them the east side is upthrown a 
maximum of 50 ft. They are characteristically ac­ 
companied by breccia and by drag of the beds on both 
sides of the fault plane (fig. 55, and sec. B-B', pi. 2). 

The evidence is inconclusive but these faults are be­ 
lieved to be premineral in age, partly because there are 
similar faults in mineralized zones at the Continental 
Chief mine and partly because of the generally close 
but inconspicuous association of ore minerals. It has 
been shown that thrust faults of this general type 
throughout the Leadville district are generally related 
to ore deposition (Emmons, Irving, and Loughlin, 1927, 
pi. 39, pp. 65-77, 96), and probably the Sherman 
thrust faults are typical.

FAULTS ON WEST SHERIDAN MOUNTAIN

The numerous minor faults that complicate the out­ 
crop pattern of formations on the two peaks of West 
Sheridan Mountain are of little structural significance. 
Those just west of the crest of the northern peak are 
unusual in that their downthrow is generally on the 
east instead of on the west; faults below and west of 
the 12,500-ft contour, however, have the normal pat­ 
tern, with the eastern side raised.

A normal fault fissure in the saddle between the 
southern West Sheridan Mountain and Mount Sheri­ 
dan is of interest because it is occupied by a dike of 
later white porphyry. This fault strikes N. 15° E. 
and dips about 80° W. It supports the generalization 
that certain of the northeast-trending faults provided 
channels for the later white porphyry intrusions.

FAULTS ON MOUNT SHERIDAN

Three kinds of faults may be seen on Mount Sheridan. 
Several faults with steep clips strike N. 35°-65° E. and, 
with one exception, have their northwestern sides 
dropped. In no fault of this group does the throw 
exceed 40 ft.

A second group of faults is obviously related to the 
branches of the Licldia fault, for its members trend 
northward and clip steeply west; their western sides 
are downthrown. Examples of this group are the

FIGURE 55.—Sketch of one of Sherman thrust faults. It dips 30° E., 
whereas beds dip 35° E. Note heavy jointing below fault and talus 
above.
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faults crossing the ridge between the peak of Mount 
Sheridan and the lowest part of the ridge connecting 
it with West Sheridan Mountain (sec. C-C', pi. 2). 
These faults are commonly indicated by some breccia- 
tion and by heavy iron-staining.

Of a third kind is the fault of sinuous trace which 
extends from the southern head of Iowa Amphitheater 
southward across the west slope of Mount Sheridan 
to the sag between Peerless and Horseshoe Mountains. 
At this sag it splits and both faults pass over the crest 
of the range. This fault is remarkable in that the 
western instead of the eastern wall is raised. It is a 
low-angle fault with steep eastward dip at a few places. 
The fault plane is characterized by conspicuous silici- 
fication and a breccia zone in much of which silicified 
fragments of the bordering limestone are cemented by 
highly ferruginous siliceous cement. Its plane is vir­ 
tually but in many places not wholly parallel to the 
bedding and therefore it cannot be regarded as a bed­ 
ding-plane fault. This fault is itself cut and dis­ 
placed by a small fault of the later northeast-trending 
group. *

FAULTS BETWEEN PEERLESS AND HORSESHOE MOUNTAINS

In addition to the fault described in the preceding 
paragraph, the ridge crest from Peerless Mountain 
southward contains two kinds of faults. Three shear 
zones of slight displacement, striking N". 35° W. and 
dipping about 45° NE. cross the ridge, 1,200 ft north of 
Horseshoe Mountain. These faults are revealed only 
by the shattering and iron-staining of the Leadville 
limestone on the ridge crest; they appear to die out 
down both slopes. All three are normal faults, each 
with its northeast side dropped about 15 ft.

On the eastern flank of Horseshoe Mountain, a low- 
angle reverse fault virtually follows the contact between 
Manitou dolomite and Parting quartzite member of 
the Chaffee formation.

FAULTS AND SHEAR ZONES ON FINNBACK KNOB

The pre-Cambrian rocks of Finnback Knob and of 
the slopes connecting the knob with Horseshoe Moun­ 
tain and Empire Hill are of such uniform lithologic 
composition that the displacement along fault planes 
cannot be measured. There are, however, numerous 
shattered zones that represent either joints along which 
there has been some slight shearing, or actual faulting. 
With only one exception they have trends ranging from 
N. 35° E. to N. 30° W. The dips are steep—generally 
almost vertical.

Shear zones of the type described are greatly varied. 
Some consist of highly shattered and closely jointed 
granite, in one place 40 ft in width; kaolinization, iron- 
staining, and quartz-filling are not uncommon. A few 
are occupied or closely paralleled by dikes of later 
white porphyry and trend east-northeast. One such

dike, 1,500 ft due west of Finnback Knob, gives tl Q- im­ 
pression, by its relation to two parallel shear zones, 
that it represents a fault that offsets the zones in ques­ 
tion.

The strikes and dips of these shear zones strongly 
suggest that they correspond to the small, discontinuous 
northeast-trending faults on the slope between Mount 
Sheridan and Peerless Mountain. As they are situated 
stratigraphically at greater depth in the relatively 
homogeneous pre-Cambrian rocks, they are more per­ 
sistent than in the less competent sedimentary rocks. 
The later white porphyry, which emerges here in sev­ 
eral dikes and also in a pluglike mass in Empire Amphi­ 
theater, may have been guided by these shear zones.

Evidence concerning the age of the shear zones is not 
clear but, if they correspond to the small faults between 
Mount Sheridan and Peerless Mountain, they are some 
of the more recent faults of the region.

FAULTS NEAR HILLTOP MINE

The area around the Hilltop mine east of Mount 
Sheridan has been mapped in detail (fig. 56). £Hruc- 
tural details are discussed and evidence for interpreta­ 
tion of the structure appears in the description of the 
mine, but a brief summary is given here. The faulting 
is superimposed on a moderate eastward dip, typical of 
the regional homocline. Only three faults are clearly 
exposed at the surface; others are covered by talus. 
Underground, the Hilltop fault strikes N. 21° E. and 
dips 70° NW.; it may be interpreted either as a hinge 
fault, or as a strike-slip fault along which the eastern 
side moved northward horizontally. This fault is pre- 
mineral, as it contained a large ore shoot. Two smaller 
faults striking N. 35° W. and apparently dipping about 
70° SW. are indicated on the surface by ill-defined 
breccia zones. The Hilltop fault ends against them. 
The three faults approach intersection near the build­ 
ings of the Hilltop mine. To the northeast is the 
curvilinear Fulton fault, which strikes approximately 
N. 45° W. but is not exposed at the surface. The inter­ 
section of the Fulton with the other faults mentioned 
is 500 ft north of the Hilltop No. 2 shaft (fig. 56).

A small fault in the southwestern part of the Hilltop 
area has a course of N. 5° W. and is probably a strike- 
slip fault along which the east side moved southward 
relatively.

FAULTS OF THE SOUTHERN SECTION 

IRON AND DOME FAULTS

Only the positions of the Iron and Dome faults south 
of Rock Hill (about 39°13'45" N. latitude) cr,n be 
determined from examination of the scattered prospect 
holes which reach bedrock through the high terrace 
gravel cover (pi. 1). The northern end of the Iron 
fault was discussed on page 65.
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EXPLANATION 
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MIKE AND PILOT FAULTS

The Mike and Pilot faults converge in the area where 
Printer Boy Hill drops off to Rock Hill and extend as 
a single large fault, designated the Mike fault on the 
geologic map, taking up the movement represented by 
both farther to the north. The Mike fault is largely 
reverse and the Pilot fault wholly normal, but north of 
the junction their combined displacements are additive 
as the eastern side of both is upthrown. The relations 
between these two faults were fully discussed by 
Emmons, Irving, and Loughlin (1927) who showed 
that from Iowa Gulch northward most of the displace­ 
ment of the combined faults south of Printer Boy Hill 
was taken up by the Pilot fault (sec. B-B', pi. 2).

Along the course of the Mike fault southward from 
Printer Boy Hill, workings are not extensive and de­ 
tails of displacement cannot well be traced. The posi­ 
tion of the Mike or combined Mike-Pilot faults, 
however, is exposed at the surface in two areas—the 
southern slope of Long and Derry Hill and the area 
north of their junction with the Union fault, about 
a mile southeast of the Mitchell Ranch.

On the southern slope of Long and Derry Hill, where 
the road into Empire Gulch crosses the fault, the west 
wall is composed of early White porphyry, whereas the 
east wall, as shown by prospects nearby, is of a light- 
gray dolomitic limestone, inferred to be Manitou. The 
throw here is at least 500 ft (sec. C-C', pi. 2). The 
fault is concealed beneath Empire Gulch and south­ 
ward, but the displacement presumably decreases as is 
seen at the exposure on the 11,250 ft knob about 4,400 
ft southeast of Mitchell Ranch. Here the fault passes 
between an outcrop of heavily shattered and iron- 
stained Cambrian quartzite, striking northwest and dip­ 
ping 20° NE., and dumps of several caved prospects 
showing Parting quartzite and Manitou dolomite. The 
stratigraphic throw of the fault here is only about 150 
or 200 ft and opposite to that farther north. For a 
distance of 1,500 ft from here southward essentially the 
same relations hold, but the fault trace curves to the 
southwest and finally joins or is cut off by the Union 
fault (sec. D-D', pi. 2). It is possible that the Mike 
fault reappears from beneath the Union fault farther 
south, bending westward across the head of Little Union 
Gulch; this relation is inferred from the outcrop pat­ 
tern of the Devonian, Ordoviciaii, and Cambrian rocks 
on the eastern limb of a syncline that is here cut by the 
Union fault (pi. 1). The Mike fault is believed to be 
cut by and to end at a large plug of Little Union quartz 
latite, but it must be admitted that evidence regarding 
its possible extent farther south is uncertain as ex­ 
posures are poor and the rock here is all granite and 
yields no conclusive evidence.

Whether the fault south of the junction of the Mike 
and Pilot faults is reverse or normal is not clear from 
field evidence. It is assumed to be reverse and rela-
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tively flat in the southerly part as it has a sinuous trace 
and is associated with folding but the fact that it is 
not confined to a single anticlinal limb greatly weakens 
this argument. South of the junction its dip has not 
been observed, and its trace on the topography, de­ 
scribed by Emmons, Irving, and Loughlin (1927, p. 79) 
is not a dependable criterion according to the latest 
mapping; hence the present designation, Mike fault, 
south of the junction is entirely arbitrary. Although 
effects of sulfide mineralization are not recognizable 
along the fault itself, silicification and iron-staining of 
the walls indicate, though they do not prove, an origin 
antedating ore deposition.

FAULTS NEAR MITCHELL RANCH

An area of two kinds of faults with small displace­ 
ments lies between Mitchell Ranch and Little Union 
Gulch, north of the large plug of Little Union ouartz 
latite, and west of the Mike fault.

Most of the faults trend almost east-west and blocks 
alternately raised and depressed, together with the 
local synclinal structure, give a complex pattern to the 
surface geology. Indeed, it is mainly this outcrop 
pattern that has been used for locating the faults, as 
they are not well exposed. Locally the walls of these 
faults are somewhat mineralized.

Of a second kind are the reverse faults that meet 
the bedding at very small angles or actually follow it 
for short distances. Along such faults, exposed about 
5,000 ft due south of Mitchell Ranch, sulfide mir erali- 
zation is fairly extensive. The Leadville dolomite 
adjacent to these faults is silicified. For further details 
see the description of Prospects T-209, T-272, T-273 
on pages 159-160.

PARALLEL FAULTS ON PRINTER BOY AND LOWER LON^ AND 
DERRY HILLS

The fault patterns 011 Printer Boy and on Lower 
Long and Perry Hills are closely similar, for the faults 
trend virtually north-south and some extend across 
both of these hills and the intervening valley. The 
fault fissures of this group seem to belong to the same 
system and to possess essentially the same character­ 
istic features. Of 18 such faults mapped between the 
Mike and Weston faults, all except two have the down­ 
throw on the west. Though the faults seen on thQ, sur­ 
face could be studied underground in only a few places, 
their courses across Iowa Gulch, together with mechani­ 
cal considerations, lead to the inference that they are 
mainly normal and dip west—probably steeply. Obser­ 
vations underground in the Ontario, Altoona, and 
Brian Boru mines confirm this inference except that 
the Sangamon (one of the faults in the Lower Altoona 
tunnel) and two minor faults in the Brian Boru tunnel 
dip 60° to 70° E.

Records of the productive mines, such as the Lillian 
and Printer Boy, and several smaller workings, show
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that fissures having dips and strikes similar to the faults 
of this area are of premineral age. Therefore, these 
are probably premineral faults, as are parts of the 
bounding Mike and Weston faults. Furthermore, six 
of the fault fissures mapped are occupied by dikes of 
Johnson Gulch porphyry, the kind of intrusive rock 
with which much ore is associated.

A fault of unusual trend extends south-westward from 
the Doris workings in Iowa Gulch. It is known from 
exposures southwest of the Doris mine, and also from 
descriptions of observations made by operators in the 
Doris workings which are no longer accessible. This 
fault has a trend similar to that of the Iowa fault (pp. 
77), but a contrary displacement, bringing Leadville 
dolomite on the northwest against the normally over­ 
lying sill of early White porphyry on the southeast; 
the upthrow is thus on the northwest. Southwestward 
this fault seems to be offset by one of the northward- 
trending faults characteristic of the northern slope of 
Long and Derry Hill; still farther on it seems to end 
against another such fault. It can be traced no far­ 
ther northeastward than the thick sill of the early 
White porphyry east of the Doris mine, but it may well 
pass between the lenses of Leadville dolomite lying just 
west of the Weston fault and the slender, curved out­ 
crop of the same rock believed to extend through the 
Julia-Fisk workings. In attempting to correlate these 
dolomite lenses on opposite sides of the fault allowance 
must be made for their probably irregular positions 
in the thick sill of enclosing White porphyry. More­ 
over, the large amount of inference should be recog­ 
nized in this region where a heavy cover of talus, allu­ 
vium, and glacial material combines with the inaccessi­ 
bility of old mine workings to obscure the geology.

UNION FAULT

In earlier work the course of the supposedly normal 
Union fault was believed to be quite different from that 
shown on the maps accompanying this report. Em- 
mons (1883, Atlas sheets 7, 13) believed that the struc­ 
ture at its south end showed that the Union fault cut 
off the Mike-Pilot fault, but that to the northeast it 
crossed Long and Derry Hill and entered Iowa Gulch, 
where it terminated against the Weston fault. This in­ 
terpretation was accepted later by Emmons, Irving, and 
Loughlin (1927, pi. 11). Recent field work and study 
of age relations strongly indicate that, as the Union 
fault is the later one, it probably displaced the Weston. 
Moreover, for the Union fault to extend to Iowa Gulch 
before uniting with the Weston fault would necessitate 
a considerable change in strike and trend from those 
dependably inferred for it on the northwestern slope 
of Empire Hill; projection of their trends northward 
from Empire Hill, where they are definitely recognized, 
would bring them together on the southern rather than 
the northern slope of Upper Long and Derry Hill. 
Finally, there is no field evidence that the Union fault

crosses the crest of Long and Derry Hill west of the 
Weston fault, .whereas the numerous minor faults shown 
on the northern slope of Upper Long and Derry Hill 
east of the Weston fault can be satisfactorily explained 
as splits of the Union fault—that is, as the tailing out 
of the fault after it has crossed and offset the Weston 
fault,

As interpreted above, the throw of the Union fault 
is about 200 ft just north of the large plug of Little 
Union quartz latite; it increases to as much as 1,200 
ft where it crosses the bottom of Empire Gulch (sees. 
D-D' and C-C', pi. 2). Northward it decreases again, 
so that its two major branches on the southern slope of 
Upper Long and Derry Hill have throws of 100 and 
150 ft respectively where they cut the Werton fault.

The Union fault is believed to dip westward, but evi­ 
dence is not conclusive. Its trace cuts across the Mike 
fault, indicating that it is later than at least one of the 
reverse faults. It is not known to be mineralized, 
though smaller faults parallel to it and possibly repre­ 
senting branches, are said to have been mineralized 
in the Ready Cash or Two Mile High workings on the 
northern slope of Upper Long and Derry Hill. The 
data as to mineralization along the Union fault are thus 
contradictory, but the fact that the Union fault is 
younger than the Mike fault is consistent with its being 
a normal fault of postmineral origin.

WESTON FAULT NORTH OF EMPIRE HF.L

Of the fault complexes studied in the course of this 
work, by far the most difficult to understand is that 
surrounding the Weston fault, from the northern slope 
of Empire Hill to the southern slope of Printer Boy 
Hill. There the Union, Mosquito, Weston, Hellena, 
Iowa, and Ball Mountain faults, all of which are major 
features to the north and south, intersect within an area 
2 miles across. At such a junction many minor breaks 
occur, and these minor breaks may be confused with 
branches of the major faults. Glacial, alluvial, and 
plant cover and talus slides combine to conceal relation­ 
ships on the slopes of Long and Derry Hill and in the 
adjacent valleys. The workings, numerous enough 
and elsewhere frequently helpful, are here mostly old 
and inaccessible; the few accounts of geologic details 
which are available concerning former underground 
exposures, are in large part conflicting or vague. Un­ 
certainties are added by the fact that much of the rock 
that crops out is early White porphyry. It belongs to 
one of five bodies exposed on or near the cr^st of Long 
and Derry Hill—four sills or tongues of sills in the 
Weber (?) formation and Leadville dolomite exposed 
just west of the fault complex and another at the base 
of the Cambrian quartzite as seen just east of the fault 
complex. As these sills are lithologically similar, the 
correlation of a given exposure is commonly uncertain. 
The stratigraphically higher ones bear relations to
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inclusions or partings of Leadville dolomite and grits 
of the Weber ( ?) formation that are in themselves not 
clear, as shown on the map (pi. 1) in Iowa Gulch 1,800 ft 
due west and a like distance southwest of the Hellena 
shaft. Finally, the junctions of so many major faults, 
each with the possibilities of curvatures in strike and 
in dip and several with multiple movements, add fea­ 
tures that are almost insuperably baffling.

Facing all these difficulties, it must be frankly admit­ 
ted that the data at hand are not adequate to permit a 
positive and final solution, free from assumptions. 
The best that can be done is to make certain that such 
assumptions as are used (1) are not contrary to what 
is known about the faults concerned as studied farther 
north or south and (2) are not inconsistent with the 
usual relations seen in similar fault complexes else­ 
where. Several alternative explanations are given in 
some detail below; not all the aspects of each have been 
discussed, as this would require a volume. The reasons 
for rejection are briefly given. Finally, what seems 
to be the most acceptable explanation is offered. This 
procedure should make clear to the critical reader the 
tentative nature of any explanation and should enable 
him to fit any new facts that may become available into 
one. of the hypotheses outlined below or to modify the 
interpretation.

Plate 5 presents two alternative interpretations. 
According to one the trace of the Westoii fault south of 
the Iowa fault is inferred to be marked by the line 
where pre-Cambrian and Cambrian rocks and their 
associated sill of early White porphyry on the northeast 
come against beds of the Weber ( ?) formation or the 
Leadville dolomite or Dyer dolomite member of the 
Chaffee formation or their sills of the early White 
porphyry on the west. This hypothesis assumes that 
the Union fault breaks into a group of distributaries 
of which the westernmost is the Hellena fault, and that 
each of them, generally dropping the northwestern 
side, offsets the West on fault; of the distributaries only 
the Hellena fault is thought to raise the Westoii fault 
to the northwest and thus displace it northward. In 
its northwestward extension the Westoii fault is broken 
into two parts which, extending farther northwest 
across Iowa Gulch, reunite to form the Westoii fault 
as known farther north.

This hypothesis is acceptable in making the miner­ 
alized Weston fault older than the iionmineralized 
Union fault and in correlating the eastward dipping 
Weston fault south of Long and Berry Hill with the 
generally eastward dipping Weston fault from Printer 
Boy Hill north. But it is highly improbable that the 
Hellena fault, known to be a mineralized reverse fault, 
is the northward extension of the apparently imminer- 
alized normal Union fault. More probably the Hellena 
(a reverse fault) is a branch of the similarly mineralized

Weston fault which is a reverse fault south of Long 
and Derry Hill.

Plate 5 also presents a second alternative: the main 
Union fault, which trended northeast south of E npire 
Gulch, makes an abrupt turn to the north-northwest 
and nowhere intersects the Weston fault, though the 
latter is cut and offset by several lesser distributaries 
of the Union fault. Under this hypothesis the Hellena 
fault, is the sole northward extension of the Weston 
fault as developed south of Long and Berry Hill. This 
hypothesis is attractive in offering an explanation of 
the westward dip attributed (on uncertain evidence) 
to the "Union" fault as generally designated on Printer 
Boy Hill and in correlating the Hellena fault with the 
similar reverse mineralized Weston fault south of 
Empire Gulch. But it calls for a radical change in 
strike for the Union fault in Empire Gulch. Further, 
the northward extension of the normal, westward- 
dipping, seemingly iionmineralized Union fault south 
of Empire Gulch would be continuous with a generally 
reverse, eastward-dipping mineralized fault north of 
Iowa Gulch. Moreover, this hypothesis gives to the 
eastern branch of the "Union'1 fault south of the Iowa 
fault in Iowa Gulch the same general kind of offset 
(pre-Cambrian against White porphyry and Lerdville 
dolomite) as is shown by the Weston fault south of 
Long and Berry Hill. For these reasons this hypoth­ 
esis, likewise, is not acceptable.

On the basis of maps alone two other explanations 
have been offered. It has been suggested that the main 
parts of the two faults did intersect—but only above the 
present surface. Under this hypothesis the sliver 
between the two western branches of the Westoii fault 
north of Long and Berry Hill is the hanging (west) 
wall of the Westoii fault as well as the hanging (east) 
wall of the Union fault; the Hellena fault would then 
be a branch of the Westoii fault. This hypothesis 
ascribes to the fault west of the sliver only a small part 
of the total displacement typical of the Union fault 
south of Long and Berry Hill, requires of the Union 
fault a very sharp turn in Empire Gulch, and does not 
account for the structure between the crest of Long and 
Berry Hill and Empire Gulch.

It has also been suggested that the Westoii fault lies 
between the crescentic mass of early White porphyry 
crowning Long and Berry Hill at an altitude of about 
11,700 ft and the Cambrian rocks exposed to the east. 
Northward the fault is thought to extend in two sec­ 
tions, becoming three where the Hellena fault, with a 
more northerly strike, splits off to the northeast. The 
Union fault intersects the Westoii fault, under this 
hypothesis, offsetting it, much as already suggesed in 
the first two hypotheses. In short, this concept differs 
from that offered below only by setting the main Weston 
fault in a different location on the crest of Long and 
Berry Hill, an improbable location on the evidence of
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the generally good exposures of the intrusive contact 
between the Sawatch quartzite and the sill of White 
porphyry at an altitude of about 11,730 ft.

Plate 1 shows the interpretation here accepted, under 
which the Union fault cuts the Weston fault on the 
southern slope of Long and Derry Hill. The Union 
fault ends on Long and Derry Hill in many distribu­ 
taries, which abruptly dissipate the large throw mark­ 
ing this fault south of Empire Gulch. These distribu­ 
taries can be recognized, though with greatly diminished 
throw, locally even reversed, on the cliffs that form the 
northern edge of Long and Derry Hill. Thus, all three 
of the faults that extend northward across Iowa Gulch 
are interpreted as branches of the Weston fault, as 
indicated by their dip, displacement, mineralization 
and trend, which are all consistent with those of the 
Weston fault as exposed on Empire Hill. There is, 
it is true, a change in trend in the case of the Hellena 
fault but no more violent one than if that fault were 
assumed to be a branch of the Union fault. The mid­ 
dle one of the three branches of the Weston fault is the 
major fault in displacement up to the point where its 
northeastern upthrow (pre-Cambrian against Leadville 
dolomite and sill of the White porphyry) is largely neu­ 
tralized by the northeastern downthrow of the Iowa 
fault. The exact points at which the two westerly 
splits of the Weston fault come off from the Union 
fault are masked, as indicated by dashed lines.

This hypothesis has the advantage of being consist­ 
ent with the known movements and with the local and 
regional pattern. The writer holds it tentatively, sub­ 
ject to such revision as new facts developed by further 
exploration may necessitate.

North of Iowa Gulch the Weston fault is a premineral 
fault but it was modified by later opposite movement 
along the Iowa fault and became a normal fault, the 
east side being relatively downthrown (p. 78) as 
previously indicated by Emmons, Irving, and Lough- 
lin (1927* pp. 78,95-96).

PARALLEL FAULTS ON UPPER LONG AND DERRY HILL

In addition to several minor displacements that rep­ 
resent distributive movements along the northern 
branches of the Union fault, the north slope of Upper 
Long and Derry Hill shows many small faults in the 
block between the Ball Mountain fault and Hellena- 
Weston complex. In a general way these faults are 
parallel to the master faults, trending, either due north 
or north-northeast. They fall into two classes.

Numerous faults of north-northeasterly trend on the 
northern brow of Upper Long and Derry Hill are 
especially well exposed at the contact between Cam­ 
brian and pre-Cambrian. They generally have a down­ 
throw to the east and are vertical or dip steeply east­ 
ward. Chiefly they strike similarly to the Union fault 
but are opposite in direction of downthrow and gen­ 
erally in direction of dip. These faults could not well be

classed as distributive faults of the Union fault. They 
may, however, be antithetic faults in the hanging wall 
of the Union fault (p. 74). They may also represent 
minor adjustments on the monocline of Upper Long 
and Derry Hill, along which the Cambrian beds dip 
steeply westward. Faults of this type are so numerous 
and their displacements so slight (1 to 20 ft) that not 
all of them could be represented on the map.

Within a 1,000-ft zone west of the Ball Mountain 
fault, there are two step faults large enough to be 
mapped, and several other parallel faults having a 
very small throw. The eastern side of e^.ch fault is 
downthrown, so that from west to east the, top of the 
pre-Cambrian descends to valley level. These faults 
are mentioned again in the discussion of the Ball Moun­ 
tain fault (p. 78).

HELLENA FAULT

The Hellena fault presents several problems similar 
to those of the Weston fault north of Empire Gulch. 
In the lowest tunnel of the Ella Beeler group (Prospect 
O-47, described in greater detail on p. 148), the Hel­ 
lena fault was still accessible to study in 1932 (fig. 96). 
At this place its hanging wall dips 65° E. and its foot- 
wall 80° E. The fault zone between walls is 27 ft wide, 
filled with gouge and breccia, and has an average strike 
of N. 15° E. Though the fault zone itself is not min­ 
eralized, small parallel fissures in the hanging wall con­ 
tain ore; moreover, higher workings of the Ella Beeler 
group, no longer accessible, are said to have contained 
rich ore in the fault fissure.

South of the Ella Beeler tunnel, talus, soil and vege­ 
tation conceal the outcrop of the Hellena fault, but it 
probably contributes to the shattered, silicified, and 
darkly iron-stained zone that crosses the crest of 
Upper Long and Derry Hill at an altitude of about 
11,700 ft. Still farther south the course s^own on the 
map is purely hypothetical.

Northward from the Ella Beeler workings also the 
thick glacial and alluvial fill in Iowa Gulch conceals 
the fault at the surface, but it is well exDOsed on all 
levels of the Hellena mine and is known to have been 
found in the American Continental workings, 600 ft 
north of the Hellena shaft. In the Hellena shaft the 
fault dips eastward at angles ranging between 65° and 
85°. As in the Ella Beeler tunnel, it is largely open, 
and locally blocks of granite 30 ft across lie between 
walls of Weber (?) formation and porphyry, suggest­ 
ing either up and down movements with drag and the 
introduction into the fault plane, by "trailing out," 
of rock actually present at lower levels, or transporta­ 
tion of it by plastic gouge. The size of some of the 
blocks makes the latter explanation very unlikely. The 
fault is irregular in strike, but averages about due 
north; on the first and third levels of the Hellena mine 
it is N. 2°-3° E., but on the lower levels it is N. 3°-4° 
W. On the first and third levels, where it is best ex-
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posed and its walls most sharply marked, the fault is 
distinctly curvilinear with several gradual changes in 
strike. Similarly, as shown in figure 88 (p. 141), the 
dip changes from level to level, being steep (68°), on 
the highest levels, flattening on the 290-ft level, and 
steepening again to 65°-75° at still greater depths.

The vertical displacement along the Hellena fault is 
varied. South of the western part of the Iowa fault, 
pre-Cambrian and Weber (?) rocks form opposite walls, 
though the exact stratigraphic positions of the rocks 
seen is in doubt; the minimum dip slip or vertical dis­ 
placement is thus at least 510 ft, and probably much 
more considering the unknown thickness of intruded 
porphyry sills. North of the Iowa Gulch fault the 
displacement is less conspicuous, Weber (?) strata be­ 
ing against Weber (?) strata or against sills or dikes, 
as contrasted with pre-Cambrian farther south (sec. 
B-B', pi. 2).

In general, therefore, the Hellena fault is a reverse 
fault, its strike approximating due north and its dip 
70°-75° E.; its vertical displacement averages 600 ft 
up 011 the east. The fault or its branches or auxiliary 
fissures are mineralized, so it is clearly a premineral 
fault.

The possible northward extent of the Hellena fault 
fissure has long been discussed by mining men. Figure 
57 offers the available pertinent data and suggests that 
the Hellena fault may be the same as the Sunday vein; 
as indicated, however, the Sunday vein may also be con­ 
tinuous with either of two minor fractures west of the 
Hellena fault. Certainly the Sunday and Hellena 
veins are alike in mineralization and displacement, 
though their dips are opposite—a condition not highly 
surprising even if the two were parts of the same fault. 
The northward projection of the Hellena vein, if given 
the dip and strike observed in the Hellena workings, 
would lie a little east of the Sunday vein; therefore the 
two cannot be correlated with certainty, and on the 
geologic map of the district the Hellena fault is there­ 
fore discontinued a short distance north of the Conti­ 
nental workings.

IOWA FAULT

The Iowa fault was inferred by Emmons as long ago 
as 1880. This fault has been designated the Iowa Gulch 
by miners. In the vicinity of Upper Long and Derry 
Hill the Weber (?) formation and associated sills are 
exposed at the surface in Iowa Gulch, and the pre- 
Cambrian is overlain by Cambrian rocks on the slope 
to the south. This discordance implies the presence of 
an east-west fault, along which the southern side is 
greatly lifted. The east-west trend of the postulated 
fault contrasts with most other faults, which have a 
northerly strike and are recognized on the slopes bor­ 
dering Iowa Gulch between the Weston and Ball Moun­ 
tain faults. There is no fault, gouge, breccia, or other 
evidence of the fault itself at the surface, however, nor

Trace of fault or vein 
at surface, showing dip

FIGURE 57.—Map showing possible southward extension of the Sriday 
vein, in relation to Yale fault-fissure, Ontario vein, and Hellena fault.

in any of the workings now accessible, and therefore 
its exact course can only be inferred somewhat vagnely 
by a study of the dumps of older workings and by rare, 
thinly scattered outcrops. The fault trace appears to 
curve southeastward east of the Weston fault and to be 
offset along the Hellena fault, east of which it trends 
northeastward before resuming its normal easterly 
course. The curvature east of the Hellena fault was 
perhaps induced by an earlier horizontal movement 
along that fault, or it may have resulted from drag upon 
the Iowa fault plane as the eastern side of the Hellena 
fault went down. Though in Iowa Gulch its effect is 
still recognizable in the block of ground between the 
western branch of the Ball Mountain fault and the main 
Ball Mountain fault, there is no evidence of the Iowa 
fault east of the main Ball Mountain fault.

At its western end the Iowa fault probably unites 
with the Weston fault. Because the Iowa fault IIP,S as 
much downthrow on its northern side as the We?ton 
fault has on its western side, both faulting the Vreb-
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er(?) formation against pre-Cambrian granite, the 
union of the two results in a virtual neutralization of 
displacement along the West on fault north of the junc­ 
tion and undoubtedly accounts for the apparent re­ 
versal of displacement along the Weston fault from 
Long and Derry Hill across Iowa Gulch to Printer Boy 
Hill, as pointed out by Emmons, Irving, and Loughlin 
(1927, pp. 95-96).

Therefore, it seems that the Iowa fault does not ex­ 
tend east of the Ball Mountain fault. This termination 
of the Iowa fault at the Ball Mountain fault and the 
lack of any adjustment between the great displacement 
on the Iowa fault near the Weston fault to the west on 
the one hand, and east of the Ball Mountain fault, on 
the other, are still not adequately explained. Most 
probably the Iowa fault marks the south end of a large 
downf aulted block whose western and eastern limits are 
the Weston and Ball Mountain faults.

FAULTS NORTH OF IOWA GULCH BETWEEN HELLENA AND BALL 
MOUNTAIN FAULTS

Three north-trending faults are traceable north of 
Iowa Gulch, in part by breccia and in part by outcrop 
pattern. They are parallel to the Hellena and Ball 
Mountain faults. Dikes of Johnson Gulch porphyry 
lie parallel to these faults as though intruded along 
related fissures on which little displacement took place. 
Some prospecting has been done along these faults, 
but 110 noteworthy ore bodies have been found; how­ 
ever, the fact that the dikes of Johnson Gulch porphyry 
occur along the fissures parallel to them implies that 
they are of premineral age.

BALL MOUNTAIN AND RELATED FAULTS

The Ball Mountain fault as described by Emmons 
(1886, p. 85) has a curved course across Ball Mountain; 
north of Ball Mountain it splits into several branches 
not distinguished from the southern part of the Silent 
Friend fault. From the Modoc fault southward the 
total dip slip of the Ball Mountain fault increases from 
1,000 to 2,000 ft, Emmons (1886, Atlas sheet 13) map­ 
ped the fault as extending southward across Iowa Gulch 
to intersect the Mosquito fault on the summit of Long 
and Derry Hill. No new evidence has been found 
which would greatly modify his mapping of this fault.

The Ball Mountain fault was not mapped north of 
Ball Mountain in the present study. In the Nevada 
tunnel two faults intersect, and from their position 
might be interpreted as branches of the Ball Mountain 
fault, but their displacements are so slight that they 
are believed instead to represent branches of the Silent 
Friend fault (p. 80 and fig. 58). The Ball Mountain 
fault is inferred to lie southwest of the workings of the 
Nevada tunnel.

Southeast of the summit of Ball Mountain the geol­ 
ogy along the supposed trace of the Ball Mountain 
fault is complicated. The main Ball Mountain fault

extends south-southeast toward Iowa Gulch. East of 
it are two subparallel faults which can be traced south­ 
eastward to their intersection with a transverse fault 
which trends west-northwest and seems to end west­ 
ward against the Ball Mountain fault. In the interpre­ 
tation here adopted the two faults east of the Ball 
Mountain fault are considered to be subsidiary faults, 
similar to others that accompany major faults in this 
region; the fault trending west-northwest is regarded 
as the South Dyer fault, faulted down west of the 
Mosquito fault. None of these faults could be studied 
underground, and none of them is sufficiently well 
exposed at the surface to permit a close determination 
of strike and dip. The total clip slip of the Ball Moun­ 
tain fault is between 900 and 1,250 ft at a point halfway 
between the crest of Ball Mountain and Iowa Gulch.

A striking feature of the Ball Mountain fault is an 
intensely altered and silicified breccia formed along a 
zone in the Johnson Gulch porphyry west of the fault, 
and extending from the summit of Ball Mountain south­ 
ward almost to Iowa Gulch. The writer believes the 
silicification accompanied ore depositior and indicates 
that the Ball Mountain fault is of premineral age. The 
fault cuts large bodies of Johnson Gulch porphyry, 
believed to have closely antedated mineralization, but 
elsewhere the intrusion of dikes of the porphyry and 
mineralization closely followed the faulting. For 
example, on the northern slope of Upper Long and 
Derry Hill, the main Ball Mountain fault and also two 
minor accessary faults east of it are occupied by dikes 
of Johnson Gulch porphyry.

About 1,800 ft north of the stream in Iowa Gulch, 
a branch of the Ball Mountain fault swings to the 
southwest and then turns south, parallel to the main 
fault, with which it reunites 011 the crest of Upper 
Long and Derry Hill (sec. B-B', pi. 2). This branch 
acts as a step fault, taking up a part of the displacement 
of the Ball Mountain fault. The branch fault can be 
recognized on the crest of Upper Long and Derry Hill, 
where its net dip slip is about 125 ft, whereas that of 
the main Ball Mountain fault is only about 50 ft and 
decreases southward.

South of the crest of Long and Derry Hill exposures 
are few, and accessible openings are absent. It is 
inferred that here the main Ball Mountain fault and the 
branch fault meet and farther south join the Mosquito 
fault.

MOSQUITO-WESTON FAULT COMPLEX SOUTH OF EMPIRE GULCH

From the Empire Reservoir southward the combined 
Weston and Mosquito faults bring pre-Cambrian gran­ 
ite on the east against shales and grits of the Weber (?) 
formation on the west, producing a total vertical dis­ 
placement of at least 1,200 ft. Of this displacement at 
least 525 ft, and very probably much more, is contributed 
by the movement along the Weston fault, whereas the
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FIGURE 58.—Geologic map of Nevada tunnel (in part after Paul Schmidt).

net vertical displacement along the Mosquito fault 
<;an amount to little more than 400 ffc and is probably 
less. It appears therefore that the Weston fault is 
here the more important of the two major faults.

This faulting locally produced faults accessory and 
parallel to the main fault. Its effect is shown on the 
ridge between Finiiback Knob and Empire Hill by a 
quartz-cemented fault in the pre-Cambrian granite 400 
ft east of the Mosquito-Weston fault. Another acces­ 
sory fault brings a wedge of Leadville dolomite between 
shale of the Weber(?) formation on Empire Hill and

the pre-Cambrian granite to the east; locally as much 
as 20 ft of gouge and breccia fill this fault zone. The 
beds lying just west of the main fault zone were ap­ 
parently dragged up strongly so that locally they dip 
steeply westward (sec. D-D1 , pi. 2).

The Mosquito fault is mineralized farther north 
(p. 66). On the southern face of Empire Hill copper 
carbonate stains along the main fault and quartz de­ 
posited along the accessory fault in the adjacent pre- 
Cambrian granite suggest a premineral age for the 
southern part of the Mosquito fault.
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FIGURE 59.—Diagram of chief geologic features, southern face, Empire Hill. Shale beds of the Weber (?) formation show distir^tly, dipping first 
westward (left), then vertically, and (farther east) steeply eastward; part of apparent dip change is due to perspective. Main fault passes 
through largest snowbank, to east of which massive pre-Cambrian granite may be seen.

FAULTS ON WESTERN SLOPE OF EMPIRE HILL

On the western slope of Empire Hill, at an altitude 
of 11,750 ft and higher, several minor normal faults 
trend approximately east-west and offset the Paleozoic 
beds. The maximum displacement on them is 150 ft; 
generally it is far less. Their strikes and the fact that 
no ore has yet been found along them indicate that these 
are postmineral faults.

FAULTS IN THE CENTRAL PART OP THE LEADVILLE 
DISTRICT

Certain faults in the Ibex mine and in the Nevada 
Tunnel in the central part of the Leadville district were 
studied because of their bearing upon the general struc­ 
ture of the region.- A detailed consideration of these 
faults is given in the descriptions of the two mines.

FAULTS IN THE NEVADA TUNNEL

The Nevada Tunnel is on the south side of South 
Evans Gulch at an altitude of 11,300 ft, near the south 
prong of the Ollie Reed pipe of rhyolite agglomerate 
(pi. 1 and fig. 58). Operators believed that the tunnel 
intersected the Silent Friend and Colorado Prince 
faults and perhaps also the Ball Mountain fault. Two 
branches of the Silent Friend fault have been found 
in the tunnel workings, and the western of them splits 
southward into a third branch (fig. 58). In addition, 
a fault identified as the Colorado Prince fault has been 
intersected in the Nevada workings. The Ball Moun­ 
tain fault, however, is inferred to cross the Nevada 
claim some distance south of where it is shown on plate 
13 of Professional Paper 148. Two faults, not named 
on the map (fig. 58), striking essentially due north and

mineralized, were discovered in the western part of this 
mine. They may be branches of the Fall Mountain 
fault, which has proved to be of premineral age. 
Relative age evidence alone is not conclusive, however, 
and the writer does not consider these faults to be part 
of the Ball Mountain system, especially as the strikes 
are more westerly and their displacements too slight.

BOWDEN AND RELATED FAULTS IN THE F*EX MINE

A thrust fault, designated the Bowden thrust after 
W. E. Bowden, who carried on the development work 
by which it was discovered, was found on the lowest 
(12th) level from the No. 2 shaft of tH Ibex mine. 
Pre-Cambrian granite has been raised on the northeast 
against a sill of early White porphyry that engulfs 
shale of the Peerless formation. On higher levels the 
same sill of early White porphyry, here on the north­ 
east, lies against Manitou dolomite. The strike of the 
fault plane is irregular but averages about N. 50°-55° 
W. and the dip ranges from 47° to 13° NB. The Bow­ 
den fault is offset by normal faults. Subparallel minor 
thrusts, observed on the 12th, Bott, and 10th levels, 
strike N. 40°-45° W., and dip 45°-50° FE. (pis. 6-8. 
and fig. 60).

Like the Tucson-Maid fault, the Bowden thrust ap­ 
parently passes upward into the bedding plane that 
separates the Parting quartzite member of the Chaffee 
from the Manitou dolomite just below the 7th level; 
up its dip, the fault follows along the southwest limb 
of the syncline marked in these two units on the 7th 
level (compare fig. 60). This type of faulting has 
already been discussed at some length by Emmons,
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FIGURE 60.—Vertical section N. 25° E. through Ibex No. 2 shaft, showing Bowden thrust fault.

Irving, and Loughlin (1927, pp. 64^-65), who cited sev­ 
eral examples. Illustrations from other mining dis­ 
tricts also are well known (Behre, 1937, pp. 512-529). 
Such deflections of faults along bedding surfaces are 
most common at contacts between units markedly dis­ 
similar in rigidity: here the deflection is in the shaly 
lower layers of the Parting quartzite member of the 
Chaffee formation and the underlying more rigid beds 
of Manitou dolomite.

The subsidiary faults associated with the main Bow- 
den thrust are nearly parallel in strike and dip, much 
like those associated with the Tucson-Maid and South 
Dyer thrust faults and the steeply dipping Mosquito, 
Ball Mountain and Liddia faults. As is generally the 
case, the accessory faults of the Bowden thrust repeat 
the pattern of the major fault, that is, they have the 
northeastern side raised in relation to the southwestern
one.

CLASSES AND AGES OF FAULTS

Emmons, Irving, and Loughlin (1927, p. 63) recog­ 
nized four classes of faults:

1. Fissures and local faults caused by the intrusion of sills 
of the Gray porphyry group.

2. Reverse faults and auxiliary faults and fissures accom­ 
panying regional folding, including a few of the main faults of 
the region, in part affected by earlier reverse and by later nor­ 
mal faults.

3. Normal faults and fissures formed after folding but before 
ore deposition.

4. Normal faults formed after ore deposition.

The foregoing descriptions of the faults in the Lead- 
ville district adduce no evidence that requires changes

998133—53———8

in this general classification. Some of the faults 
hitherto regarded as premineral are now known to be 
postmineral in age and vice versa, but the accuracy with 
which the ages of faults have been determined in pre­ 
vious studies demonstrates the carefulness of er.rlier 
geologists. It need only be added that the first class 
enumerated above should be extended to include faults 
produced by the intrusion of early White porphyry. 
The intrusion of such great masses as the main s; ll of 
early White porphyry, which is at least 1,000 ft thick 
on Mount Sherman, must have been accompanied by 
considerable movement, doubtless including much 
faulting. A fault of this type is clearly seen on the 
southwestern slope of Mount Sherman, where three 
units of Cambrian quartzite are offset, with a corre­ 
sponding change in thickness and position of th^ in­ 
truding sill. In this case 110 continuous fault plane is 
recognizable, and only that part of the Cambrian beds 
lying between the two branches of the sill has evidently 
been broken and displaced; the sill flowed around the 
ruptured ends so as to form a continuous intrusive lN ody. 

The major faults in the region mapped are classified 
below. Those marked with asterisks (*) are faults of 
doubtful age or along which movement appears to have 
taken place during at least two periods, and commonly 
in such a way that the net displacement is oppositely 
directed at different points along the fault trace. 
Faults of the first class, as listed above, are so few and 
so unimportant economically that no effort has been 
made to list or describe them.
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Premineral reverse faults

Ball Mountain*
Bowden
Colorado Prince
Hellena
Horseshoe Mountain thrusts
Mike*
Mosquito*

Sherman thrusts 
Silent Friend 
South Dyer 
Sunday 
Tucson-Maid 
Weston*

Premineral normal faults

Big Four 
Cord
East Ball Mountain faults* 
Fulton 
Garbutt 
Hill Top 
Ibex No. 4
Iowa (Iowa Gulch)* 
Long and Derry Hill north- 

south faults

Mitchell Ranch faults
Modoc
Mount Sherman
Peerless
Printer Boy Hill north-south

faults
Resurrection faults 
St. Louis 
Winnie-Luema

Postmineral normal faults

Adelaide Mikado 
Cloud City Moyer 
Dome Pendery 
Dyer Pilot 
Empire Hill, west slope, faults Toledo 
Iron Union 
Liddia

Many of these faults have been discussed above, and 
for the remainder the observations and interpretations 
of Professional Paper 148 remain unchanged. There­ 
fore, a further justification of this classification is 
unnecessary.

Certain special features are involved in dating move­ 
ments a"long the faults. In some cases, such as the Ball 
Mountain and Peerless faults, the mineralization along 
the fault consisted only of silicification, a process not 
clearly identical in nature with ore deposition; this 
creates doubt as to the dating of the fault with respect 
to ore deposition. In other examples the date of fault­ 
ing is obscured by contradictory evidence. A dike of 
later white porphyry occupies one of the fault fissures 
crossing East Ball Mountain, but this porphyry is off­ 
set by a fault parallel to the dike fissure. But for this 
evidence, the parallel faults might have been considered 
contemporaneous, although actually postmineral fault­ 
ing and dike intrusions of later white porphyry 
alternated.

It is commonly believed that most of the faulting 
occurred during the Laramide revolution (that is, in 
very late Cretaceous or in early Tertiary time) when 
most of the folding also took place. This agrees with 
the conclusions concerning regional mineralization in 
central Colorado (Burbank, 1933, pp. 277-301) that 
closely related intrusion, folding, premineral faulting, 
and ore deposition took place as was well established

for the Leadville area in Professional Paper 148. 
Studies on the western slope of the Mosquito Range, 
have revealed several incidents of intrusion and defor­ 
mation. Discussion of the position of ore deposition 
in this sequence is presented only briefly here, being 
reserved in part for later sections (pp. 10?, 109).

As represented on Little Ellen Hill, th°- intrusion of 
Lincoln porphyry, apparently contemporaneous with 
some folding that favored the separation of beds along 
the bedding planes and thus aided in the formation 
of extensive sills, was followed by the formation of 
the Mosquito and subparallel faults at the southeastern 
end of Little Ellen Hill. Such steep reverse and nor­ 
mal faults are locally the sites of intrusions of Johnson 
Gulch porphyry (fig. 61), which is thus evidently later 
than Lincoln porphyry. In places the Johnson Gulch 
porphyry itself is faulted, as in a small exposure in 
Iowa Gulch about 2,500 ft west of the Hellena mine.

The faulting near the Hellena mine still further 
illustrates the complexity in the sequence of events: 
the Iowa fault is offset by the ore-ber-ring Hellena 
fault, although the Hellena fault complex is, as already 
explained, a branch of the Weston-Mosquito fault com­ 
plex which follows and breaks across the eastern limb 
of the Empire syncline.

Finally, on the walls of Iowa Gulch ne ar the Lillian 
and Doris mines, steep premineral faults, later than

30ft

EXPLANATION

Early White porphyryGray porphyry group, 
undifferentiated

Leadville dolomite
FIGURE 61.—Member of early Gray porphyry group similar to Johnson 

Gulch porphyry cutting sill of White porphyry and Leadville dolo 
mite; all rocks are cut by a later fault.
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the Iowa and probably also later than the Heliena 
fault, are occupied by dikes of Johnson Gulch porphyry, 
which thus appears to be the youngest of the por­ 
phyries. When all such evidence is pieced together, 
the following sequence of events on the west slope of 
the Mosquito Kange during the Laramide orogeny is 
determined:

1. Gentle folding with small-scale faulting.
2. Intrusion of early White porphyry, chiefly as sills with 

some feeding dikes along fissures developed by (1).
3. Intrusion of older rocks of the Gray porphyry group: 

Lincoln porphyry, Sacramento porphyry, etc.
4. Thrusting, chiefly from the east or northeast.
5. High-angle reverse faulting (for example, Heliena) off­ 

setting faults of (4) and sills of (2) and (3).
6. Normal faulting with results as in (5) and which may 

have occurred simultaneously with (5).
7. Intrusion of main Breece Hill plug and perhaps of other 

poorly defined plugs, and also dikes and small sills of 
Johnson Gulch porphyry, in part along faults of (6).

8. Contact metamorphism near Breece Hill, bordering ac­ 
cessory plugs and dikes.

9. Ore deposition in veins and "blankets."

As the Laramide revolution in this part of Colorado 
occurred in two stages (Blackwelder, 1914, p. 647; 
Stark, Johnson, Behre, and others, 1936, p. 107; 1949, 
pp. 135-138), events 1 to 4 above probably occurred in 
the earlier stage and events 5 to 9 in the later one. The 
only astonishing feature is the close petrographic sim­ 
ilarity between the Lincoln and Evans Gulch porphy­ 
ries of the earlier stage and the Johnson Gulch por­ 
phyry of the later one—a resemblance that points to 
consanguinity.

A postmineral stage of deformation, not included in 
the table above, occurred in later Tertiary time after 
a period of quiescence. It was characterized by (1) 
the development of additional faults, wholly normal 
and generally with downthrow toward the west; (2) 
intrusions of late white porphyry and rhyolite, essen­ 
tially contemporaneous with (1), which gave rise to 
dikes and to pipes of the rhyolitic agglomerate. Both 
the intrusions and the faults cut ore bodies. They prob­ 
ably took place in the late Miocene or early Pliocene but 
field evidence demonstrates only that they occurred 
after the Laramide revolution and before Pleistocene 
glaciation.

FUNDAMENTAL CAUSES OF STBUCTUBAL FEATUBES

In recent years many facts have been added to those 
upon which Lee (1923, pp. 285-300) based his generali­ 
zations regarding the origin of the southern Rocky 
Mountains. Conspicuous among them are the many 
thrust and reverse faults discovered by numerous 
workers in the course of detailed studies in Colorado. 
A picture of this faulting is furnished by the geologic 
map of Colorado published in 1935 (Burbank, Lover- 
ing, Goddard, and Eckel); a discussion of the structural 
features shown on the map has been presented by Bur-

bank and Levering (1933, pp. 277-301). Much that 
follows is based upon their summary. The ideas earlier 
expressed by Chamberlin (1919, pp. 145-164, 225-251) 
and Flint (1924, pp. 410-431) though lacking details 
also were in general agreement with the facts now avail­ 
able, at least insofar as they apply to the purely tectonic, 
as distinguished from the physiographic features. 
These features in generalized form are outlined on plate 
9, which is derived chiefly from the geologic map of 
Colorado.

A study of the faults shown in plate 9 strongly 
favors the concept of tangential compression in the 
outer shell of the earth's crust, forming downward- 
tapering wedge-shaped blocks elongate parallel to the 
ranges. This interpretation is not opposed by asym­ 
metry in the compression, nor by the possible effect of 
a geosynclinal subsidence in early Tertiary time east of 
the present Front Range. Before actual fracturing, 
compression appears to have caused a bulging ex­ 
pressed in the anticlinoria of the Sawatch and Front 
Ranges. Continued stress caused fracturing and great 
thrust faults that bordered the individual structural 
blocks on the east and west. The faults bounding the 
eastern escarpment along the Front Range may be 
regarded as very steep reverse faults, as, in fact, sev­ 
eral of them have been previously interpreted. Ex­ 
amples are the faults of the "mineral belt" (Lovoring 
and Goddard, 1938, pp. 38-39), the Ute Pass fault 
(Fiulay, 1916, pp. 11-12 and maps) near Colorado 
Springs, and the steep reverse faults mapped by Ziegler 
(1917, pp. 728-731) near Boulder and Golden, where 
all the accompanying features, such as eastward over­ 
turning, wide fracture zones, and wedging of fo^ma- 
tions in thin bands along the faults (Johnson, 1984, p. 
22), are those characteristic of both low-angle and high- 
angle thrusting. The belt of faulting along the east­ 
ern edge of the Colorado Rocky Mountains, however, 
bears far fewer characteristics of low-angle thrusting 
than the belt along the western edge of the major 
ranges of central Colorado. Along the western edge 
are conspicuous reverse faults, several having gentle 
dips—the Williams Range fault (Lovering, 1935, p. 
47) on the western flank of the Williams River Range, 
the Elkhorn thrust (Washbum, 1910, p. 307 and pi. 
16; Behre, Schwade, and Dreyer, 1935, p. 65) on the 
western edge of the Front Range in South Park, and 
the Mosquito fault as here described. There are also 
numerous other reverse faults, including some low- 
angle thrusts, described from the region of Aspen, from 
the Sawatch Range, and from the Elk Mountains 
(Stark, 1934, pp. 1004-1007; Vanderwilt, 1935, p. 231; 
Goddard, 1936, pp. 562-564). Others were mapped, 
though not described in detail, west of Taylor Park 
and near the southerly end of the Sawatch R?,nge. 
All of the more noteworthy thrusts in the western 
ranges, with two exceptions in the Sawatch Range
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(Stark, 1934, pp. 1007-1012), raise the east side. The 
structure of the Sangre de Cristo Range (Burbank and 
Goddard, 1937, pp. 949-976) is reversed in this respect 
but may be omitted from consideration here.

Thus, the structure of central Colorado may be pic­ 
tured as having a vertical section like a wedge, bounded 
on the east by the steeply westward-dipping reverse or 
normal faults of the Front Range, on the west by east­ 
ward-dipping reverse faults, some steep but others 
gently dipping or nearly horizontal. Where folds are 
preserved in the sedimentary rocks the axial planes in 
general dip in the same directions and at much the same 
angles as the associated reverse faults. Such major 
structures were probably caused by tangential compres­ 
sion with the force coming from the east; this might 
result in fracturing and uplift of the wedge and its 
"slivers." Uplift would be greater near the central 
parts than at the edges, but, because of the hetero­ 
geneity of the surface rocks, movements would be so 
irregular within the block that no very regular pattern 
would result. Folds, under this hypothesis, would be 
caused (1) partly by the bowing up of the beds in the 
major geanticline before actual fracturing began, (2) 
partly, on a smaller scale, as the result of crumpling, 
and (3) partly, on a still smaller scale, as a consequence 
of the drag along the reverse faults.

Perhaps intrusive magma would be squeezed up from 
deeper zones along the reverse faults or associated frac­ 
tures, invading zones of fracture rather than individual 
planes of reverse faulting. In its upward movement, 
the invading magma would find parting planes between 
beds, such as the shale-limestone contact at the top of 
the Leadville dolomite, which slippage had rendered 
especially susceptible to penetration. This would orig­ 
inate the characteristic sills of Leadville, which would 
also tend to lift the superincumbent beds, yielding such 
laccolithic masses as the great sills of early White 
porphyry and Sacramento porphyry of Mount Sher- 
man and Dyer Mountain (fig. 62).

There is one aspect of this orogeny that is not covered 
in the preceding description. The London fault in the 
Alma district bears some evidence of horizontal move­ 
ment, the direction of movement being approximately 
parallel to the strike of the fault plane. This type of 
horizontal movement is also indicated along the Mos- 
quito-Weston fault. Evidences of horizontal move­ 
ment on a still smaller scale are conspicuous along most 
of the faults of the Continental Chief mine (fig. 83). 
Possibly much of the movement in the Mosquito Range 
is of such a sort that its chief component on the north­ 
eastern or eastern side of major reverse faults—that is, 
those trending about N. 20° W. to N. 20° E.—is north­ 
westward or northward. These features suggest tear­ 
ing rather than simple thrusting. However, the dis-

Arrows show direction 
of compression

FIGURE 62.—Generalized diagram showing sequence of major tectonic 
events ; view northward: A. Typical Laramide upf old; Paleozoic 
and possible Mesozoic sediments (Pa—1) above, pre-Cambrian (pC) 
below; B, movement along fractures with flatter thrusts of Mosquito 
or Sawatch ranges to left (west) and steeper reverse (?) faults of 
Front Range to right; after lifting, porphyritic magma (pphy) is 
intruded as batholith, dike, and sill; C, continued later pressure, 
greatest in northeastern area, where it yields faulting oblique in 
strike to other regionally dominant faults.

placements along faults parallel to some of the greater 
faults, such as the Mosquito fault in Evans Amphi­ 
theater, do not seem to accord with this hypothesis in 
that their eastern side has in places moved southward 
if the movement is chiefly horizontal; evidence on this 
point is contradictory and inconclusive, however, as may 
be seen from a study of the faults east of the Mosquito 
fault at the north edge of the Evans Amplitheater.

After the compressional movements, all faulting 
seems to have been normal. Some of the normal faults 
may represent no more than the reversal of dip toward 
the surface in faults that at depth were genetically com­ 
pressional, but whose dip steepened upward, increasing 
with decreased overburden, as suggested \^it not clearly 
urged some time ago by Chamberlin and Miller (1918, 
pp. 23, 27). Most of the later normal faults that oc­ 
curred during the Laramide revolution, however, were 
probably the result of subsidence, which is inferred to 
have followed intense compression. This explanation 
may also be best applied to the still late^ postmineral 
faults.
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LATE CRETACEOUS OB EABLY TEBTIABY INTBUSIONS 
AND THE STBUCTUBE OF CENTBAL COLOBADO

Attention has been directed to the localization of 
tectonic lines in central Colorado. Various features 
have been emphasized by different authors. Crawf ord 
(1924, pp. 365-388) assumed a large underlying bath- 
olith of early Tertiary quartz monzonite or granodio- 
rite. He sought to show that early Tertiary minerali­ 
zation was largely confined to regions where cupolas 
from this batholith approached or reached the present 
surface. Burbank and Levering (1933, pp. 289-293) 
pointed out that these intrusive porphyries are dis­ 
tributed in a belt extending south-southwestward to the 
Mount Princeton batholith and beyond; mineraliza­ 
tion follows the same general trend. This trend (pi. 
10) is strong despite the fact that many fractures, 
including the major thrusts and high-angle reverse 
faults, trend northwest, and that the major folds and 
many other faults trend due north. The late Cre­ 
taceous or early Tertiary intrusives (for convenience 
here designated "Laramide") on the western slope of 
the Mosquito Range near Leaclville are no exceptions. 
The position of the deformed zone of central Colorado 
and the adjoining region has been attributed by Butler 
(1929, pp. 33-34) to their peripheral location with re­ 
spect to the Colorado Plateau; yet this relation should 
give the intrusive bodies, like the other structural fea­ 
tures, a northwesterly rather than a northeasterly trend 
in central Colorado. Moreover, Butler's hypothesis of 
simple isostatic sinking does not account for the com­ 
pression implied by the thrust faults, which are so 
dominant a structural feature of the region.

O

The northeastward trend of the belt of Tertiary in­ 
trusives seems to be attributable to one or both of two 
causes. The tectonic map of central Colorado suggests 
that the intrusives are confined to intersections of great 
north-south fractures with some moderately conspicu­ 
ous northeast-trending ones, or to places where the 
north-trending set of fractures is sharply bent (Bur- 
bank and Lovering, 1933, pp. 290, 293). There is more 
fracturing at such places than elsewhere; if release 
of pressure is the cause of local melting with the for­ 
mation and consequent rise of deep interior lavas, 
the porphyritic intrusives here discussed would appear 
at the surface in just such areas. If, on the other hand, 
the cause for the local appearance near or at the present 
surface is the availability of trunk channels, these also 
would be best developed where fracturing is extensive. 
In either case the intersections of northward or north­ 
eastward with northwestward fractures would be 
places favorable for the localization of porphyritic 
stocks and other intrusive forms.

A second factor that may have localized the "Lara­ 
mide" intrusives in the northeast-trending belt is cross- 
folding (Burbank and Lovering, 1933, pp. 290, 293). 
As is typical for such structures, the great folds of

central Colorado plunge at their ends; their highest 
points structurally are approximately midway rlong 
their axes, and these are the places where a potentially 
molten substratum should stand highest and approach 
the partly eroded surface most closely. Examples in 
point are the Twin Lakes and Mount Princeton batho- 
liths, located near the geographic center of the Sawatch 
uplift. A still more striking example is the localiza­ 
tion of the "Laramide" intrusives in the structurally 
high area separating the North Park and South Park 
synclines. Further evidence of stresses transverse to 
the northwest axes and faults are the numerous min­ 
eralized' northeastward fissures at Leaclville.

The northeast-trending belt of the "Laramide" in­ 
trusives may, of course, be the result of relative up- 
bowing of the crust by inagmatic pressure from b^low. 
It must be remembered, however, that a layer of liquid 
magma is not likely to exert a directional pressure on 
its own account; more probably it would transmit in 
the direction of least compression and easiest relief any 
pressure exerted upon it from the sides, and the direc­ 
tion of easiest relief would be upward and nonlinear in 
ground plan. In short, the northwest-southeast direc^ 
tion of compression suggested by the northeasterly 
trend of the porphyry belt is real and is in full accord 
with the horizontal displacement within and parallel to 
the planes of the northeast-trending faults, to which 
attention has already been directed.

SUMMARY OF GEOLOGIC HISTORY

Details presented above regarding the geologic his­ 
tory of the western slope of the Mosquito Kange deal 
separately with the descriptions of its rocks and the 
more conspicuous structural features. The sequence of 
these events is summarized below.

The principal geologic events of the pre-Cambrian 
are but poorly registered in this immediate area. The 
record apparently begins with the deposition of sedi­ 
ments that were chiefly clastic but in small part calcare­ 
ous, for limestone beds of pre-Cambrian age are found 
a few miles northwest of Leadville, on Home^take 
Mountain. A few flows of basaltic lava alternated with 
the deposition of sediments. The age of the sediments 
and associated rocks is believed to be Lower and Middle 
Huronian. Deposition of these rocks was probably fol­ 
lowed or accompanied by intrusion and some deforma­ 
tion.

Deformation was followed by the intrusion of the 
Pikes Peak (?) granite, in the early part of the Algoman 
revolution and by the later intrusion of the Silver 
Plume (?) granite in the late part of the Algoman revo­ 
lution. These intrusions doubtless caused further 
metamorphism of the older rocks, including the soaking 
of schists and gneisses with liquid phases of the two 
granites which resulted in extensive migmatization 
(Lovering and Goddarcl, 1938; pp. 7-17; Stark and
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Barnes, 1935, pp. 470-474; Singewald and Butler, 1933, 
pp. 92-93).

At the close of the pre-Cambrian further deforma­ 
tion, chiefly along northwesterly lines, was followed by 
a long period of erosion, which resulted essentially in 
a peneplain. The Late Cambrian sea invaded this 
ancient land surface and deposited first sandstone and 
later shaly beds concurrently with progressive reduc­ 
tion in the relief of the surrounding country; these sed­ 
iments were later compacted into the present S a watch 
quartzite below, the Peerless formation above; prob­ 
ably deposition of the Peerless formation continued 
into earliest Ordovician time. Later, still during early 
Ordovician time, calcareous sediments were deposited 
and were eYentually dolomitizecl, forming the Manitou 
dolomite; the age of this dolomitization is not clear but 
is believed to have been mainly contemporaneous with 
deposition. Deposition of the Manitou was succeeded 
in Black River or Trenton (Middle Ordovician) time 
by that of elastics yielding the Harding sandstone, 
which is found at Westoii Pass, 10 miles south of Lead­ 
ville, and farther south (Johnson, 1934, pp. 22-23). 
The absence at Leadville of the Middle Ordovician 
Harding sandstone and the Middle and Upper Ordo­ 
vician Fremont limestone (Johnson, 1934, p. 23), and 
also the total absence of Silurian rocks points to a local 
uplift and a prolonged period of erosion extending 
through Silurian and into Devonian time.

The record of Devonian time begins with the deposi­ 
tion of the Parting quartzite member of the Chaffee 
formation of Late Devonian age. The Devonian seas 
were presumably shallow and were bordered at first by 
low-lying lands (as indicated by the shaly basal facies 
of the Parting quartzite) and then by uplifted mar­ 
gins. The depth of the sea and the nearness of the 
shore to the basin in which the Parting quartzite was 
formed varied greatly from place to place. Then 
came deepening and clearing of the sea, with the deposi­ 
tion of the Dyer dolomite member of the Chaffee, which, 
like the Manitou, was dolomitized during or shortly 
after deposition.

Sedimentation was interrupted by a gentle and uni­ 
form uplift in early Mississippian time, for the over­ 
lying Leadville is separated from the Dyer by discon­ 
tinuous beds of sandstone and occasional limestone 
breccia. In this sea sediments forming the Leadville 
limestone accumulated either contemporaneously or 
later altered to dolomite. Conditions changed slightly 
from time to time during the period of calcareous dep­ 
osition. Toward the close of this marine invasion 
the incoming streams deposited much silica, resulting 
in the conspicuous chert beds.

After Mississippian sedimentation, the sea withdraw 
while newly uplifted mountains appeared toward the 
east of the Mosquito Range. The top of the Leadville 
dolomite was locally eroded by stream channels, with

the not uncommon development of sink l x oles, well ex­ 
posed in the mines at Gilman, Colo. Later the sea 
once more rose in the Leadville region and dark shales 
and a few coal beds were deposited in estuarine environ­ 
ments, indicating swampy terrestrial conditions. After 
deposition of this fine-grained sediment, the water be­ 
came shallower near Leadville or the adjacent land rose 
again; this change resulted in coarser sediments and 
the deposition of the sandstones and poorly sorted grits 
in the, upper part of the Weber (?) formation. These 
sediments may very well have been deltaic, as the beds 
are characterized by channels, plant remains, irregular 
lenses, and abrupt changes in lithologic character; 
hence quartzites, grits, shales, and marine dolomitic 
limestones succeed one another irregularly. Some of 
the clastic beds were evidently derived from pre- 
Cambrian outcrops.

Similar sediments, but displaying features indicating 
aridity (such as red color and gypsum beds), overlie 
the Weber (?) strata described above. They are desig­ 
nated the Maroon and Lykins formations. They are 
not present in the immediate Leadville area, though 
they are found along the valley of the Eagle River 25 
miles to the north, and in places at similar distances to 
the east and west.

Following Permian time, the sea withdrew from the 
Leadville region, and deposition was succeeded by ero­ 
sion of unknown degree; Permian sediments were 
stripped from the Mosquito Range if they ever existed 
there. Sediments were d0posited in ea.rly Mesozoic 
time in South Park and west of the Sawatch Range, 
but are not known in the Mosquito Range. In Late 
Cretaceous time, also, sediments were deposited in 
bordering regions. Whether Cretaceou^1 rocks ever 
covered the Leadville region is not known, but they are 
present east of Leadville in South Park, northeast at 
Dillon and Breckenridge, and to the west of the 
Sawatch Range near Aspen and Snowmass.

At the close of the Cretaceous period the entire Rocky 
Mountain region was affected by a series of uplifts, col­ 
lectively referred to as the Laramide revolution. Two 
distinct stages of this revolution are recognizable east 
of the Leadville area in South Park. Probably the 
first stage is represented at Leadville by several events: 
folding, intrusion of the early White porphyry and 
the earlier members of the Gray porphyry group, and, 
lastly, reverse faulting. This stage was1 followed by 
the second stage of deformation, characterized by 
steeply dipping reverse and normal faulting and in­ 
trusion of the Johnson Gulch porphyry (mainly in the 
form of dikes and plugs), followed perhaps by more 
normal faulting. Immediately thereafter came ore 
deposition. All of these events took place in very late 
Cretaceous and early Tertiary time.

There is 110 known record of great geologic activity 
immediately after mineralization; it was a period of
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widespread erosion whose traces today indicate a pene­ 
plain surface having some relief but averaging about 
12,000 ft in altitude. Probably it is Middle Tertiary 
in age and can be correlated with the Rocky Mountain 
peneplain of some authors. A later uplift, character­ 
ized chiefly by vertical faulting, is recorded by the nu­ 
merous postmiiieral faults. Contemporaneous with this 
faulting were the intrusions of later white porphyry 
dikes, rhyolite plugs and dikes, and (probably) plugs 
of Little Union quartz latite.

This uplift also caused drainage changes or early 
glaciation. A series of silt and gravel beds was de­ 
posited as the result of ponding by the earliest glaciers, 
of alluviation at the foot of recently uplifted moun­ 
tains, or through the filling of fault basins. These 
benchlike deposits of late Tertiary or early Pleistocene 
beds are represented by the "lake beds" of Emmons, 
which began with fine sediments and became coarser 
upward. Today they constitute terraces composed of 
moderately well consolidated sediments that in places 
are as much as 500 ft thick.

The deposition of this material was followed by a 
climatic change or an uplift. Alluviation gave way 
to erosion. Two or more distinct periods of mountain 
glaciation ensued, evidences of which are visible along 
the minor streams near Leadville and in the Arkansas 
Valley. The times of glaciation are believed to cor­ 
respond with the Illinoian stage and early and late 
Wisconsin stage of the Pleistocene. These glacial con­ 
ditions resulted in the typical erosioiial features of 
mountain glaciation—U-shaped valleys, hanging val­ 
leys, cirques, and the like. At the end of Wisconsin 
glaciation the country had essentially its present ap­ 
pearance. Since the early Tertiary the ores have been 
oxidized and eroded and gold-placer gravels were 
deposited.

ORE DEPOSITS

MINERALOGY OF THE ORES 

LIMITS OF STUDY

The present report deals primarily with the mineral­ 
ogy of the ores of the outlying region, beyond the cen­ 
tral Leadville district treated m Professional Paper 
148. The mineralogy of the central district was very 
fully discussed in that report. In the marginal region, 
only a few mines were accessible and little mineral 
collecting could be accomplished. The following dis­ 
cussion is probably not complete but will afford a basis 
for comparison with the central part of the district and 
with similar deposits elsewhere.

BASIS FOR CLASSIFICATION

A classification has been followed that is essentially 
economic and chemical, and hence most useful to the 
miner. All minerals that yield the same metal in com­ 
mon metallurgical processes are grouped together, and

in the detailed description of the minerals the lead min­ 
erals are discussed first, then the zinc minerals, and 
so on. A classification more in favor among mining 
geologists is that based on genesis; this is given below 
in brief tabulated form. According to this classifica­ 
tion, based largely on the work of Liiidgren (1933, pp. 
207-212) and subsequently followed by most mining 
geologists here and abroad, the formation of minerals 
in ore deposits is determined largely by the temper­ 
atures during deposition; variations in depth and in 
distance from a magmatic source especially affect the 
temperatures of the depositing solutions and the pres­ 
sures under which they lose their mineral content. 
Certain minerals may be regarded as geologic ther­ 
mometers, and their temperature of formation may be 
roughly estimated; their pressure of formation, how­ 
ever, is not so readily subjected to quantitative inter­ 
pretation. Deposits are classed as contact-metamorphic 
(pyrometasomatic); deposits formed at high temper­ 
ature (about 300°-500° C.) and pressure (hypother- 
mal); deposits formed at moderate temperature (about 
200°-300° C.) and pressure (mesothermal); and de­ 
posits formed at low temperature (50°-200° C.) and 
pressure (epithermal). In recent years there has been 
a tendency to subdivide the epithermal deposits still 
further, recognizing a very shallow origin for some, 
to which the name telethermal has been applied (Gra- 
ton, 1933, pp. 193-195). Although it is not possible 
in all cases to distinguish telethermal from epitl^rmal 
ores in the marginal region at Leadville an attempt is 
made in the following pages to apply this distinction. 
In the table (p. 88) the ore minerals are classified in 
this way.

CLASSIFICATION BY GENESIS AND DEPTH ZOI TES

The list on page 88 includes only those minerals that 
have been observed by the writer or described by others 
as coming from the marginal part of the Leadville dis­ 
trict. Gangue minerals are listed only if they were 
introduced by the mineralizing solutions; minerals that 
are a part of the country rock and fortuitously present 
as inclusions in veins or replacement bodies are not 
discussed.

PARAGENESIS AND ZONAL ARRANGEMENT OF 
MINERALS

The paragenesis of the ore and gangue minerals in 
the marginal parts of the Leadville district is in general 
closely similar to that of the central Leadville district 
(Enmioiis, Irving, and Loughliii, 1927, pp. 211-217). 
Mineral paragenesis and zoning have been briefly sum­ 
marized by Loughliii and Behre (1934, p. 223). Figure 
63, somewhat modified from Loughliii and Behre, shows 
the general relations between the various minerals and 
the different zones. It is more comprehensive than the 
following discussion, as this concerns only the ores 
of the marginal districts around Leadville. The dia-
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Minerals of peripheral deposits classified as to genesis, alphabeti­ 
cally arranged

1. Supergene (oxi­
dized zone)

2. Zone of sulphide
enrichment

3. Lowest tempera­
ture veins and replace­
ments (telethermal)

4. Low temperature
veins and replacements
(epithermal)

5. Moderate temper­
ature veins and replace­
ments (mesothermal)

Ore minerals

Anglesite
Aurichalcite
Azurite
Calamine
Cerargyrite
Cerussite
Chalcanthite
Chrysocolla
Goethite
Gold (native)
Hetaerolite
Hydrozincite
Jarosite
Limonite
Malachite
Melanterite
Molybdite
Psilomelane
Pyrolusite
Sauconite
Silver (native)
Smithsonite
Turgite
Wad

Argentite
Chalcocite
Covellite
Silver (native)

Galena
Pyrite
Sphalerite

Argentite
Chalcopyrite
Galena
Gold (native)
Pyiite
Silver (native)
Sphalerite

Argentite
Arsenopyrite
Bismuthinite
Chalcopyrite
Enargite
Galena
Gold (native)
Hematite
Lillianite
Proustite
Pyrite
Silver (native)
Sphalerite
Tennantite
Tetrahedrite

Gangue minerals

Aragonite
Calcite
Chalcedony
Gypsum
Kaolinite
Quartz

Calcite
Dolomite
Jasperoid
Quartz

Ankerite
Barite
Calcite
Dolomite
Fluorite
Quartz
Siderite

Albite
Ankerite
Barite
Calcite
Chalcedony
Dolomite
Manganosiderite
Muscovite (or seri-

cite)
Quartz
Rhodochrosite
Serpentine
Siderite
Talc

Wolloslonile 
FostenteMor pyroxei 
Serpentine 
Magnetite 

Specular ite
Manganosiderite includ 
ing an early Siderite

Quartz 

Arsenopyrite 

Pyrite 

Chalcopyrite

Rhodochrosite and 
mongoniferous calcite

Late sidente

Sphalerite 

Tennantite 

Argentite 
Galena 
Bismuth sulfides

Gold
Borite
Ankerite and dolomite

Calcite

FIGURE 63.—Paragenesis of ores in Leadville district; horizontal lengths 
of figures show extent of deposition of minerals; closeness of vertical 
position indicates nearness of period of deposition.

gram shows which minerals appear in each zone, but 
actually the zones are not as sharply bounded as the 
diagram suggests, because of complicating structural 
factors; for example, mineral deposits formed along 
faults have linear or elongate-elliptical outlines in con­ 
trast to those of circular outline formed around a center 
from which the mineralizing solutions radiated. Be­ 
sides, mineralization was largely confined to limestones 
and was virtually lacking in pre-Cambrian rocks; these 
two types of rocks represent opposite extremes in sus­ 
ceptibility to mineralization. Faulting and erosion 
have produced very irregular patterns for the lime­ 
stones and pre-Cambrian rocks, so the ida,al symmetry 
of zoning may be greatly modified or even obliterated 
by the presence of barren or poorly mineralized pre- 
Cambrian rocks in the midst of an otherwise normally 
zoned area. Finally, an outlying magma cupola at 
depth was apparently a source of the ore for a local and 
isolated center of a mineralization discordant with 
zoning as worked out for the central par": of the Lead­ 
ville district.

The chief departure's from a simple zoral plan are in 
the most productive part of the Leadville district 
(Loughlin and Behre, 1934, pp. 241-242). Thus, along 
the Tucson fault, about 1% miles west of the Breece Hill 
stock, which overlies the presumptive center of mineral­ 
ization, the largest bodies of high-temperature man- 
ganosiderite are located. An isolated center of 
mineralization has been found near the Mansfield, Lil­ 
lian, and First National mines, and the mesothermal 
ores of this center have the effect of overlapping upon 
those of the Breece Hill stock to the north and of mak­ 
ing an unexpected southward bulge in the mesothermal
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zone south of the Rex, Mansfield, Brian Boru, and 
neighboring workings.

Megascopic and microscopic examinations of the ores 
reveal few exceptions to the sequence indicated in 
figure 63. The chief exceptions are in the sequence and 
paragenesis of the sulfides. In the central part of the 
district sphalerite commonly occurs in masses on which 
chalcopyrite is deposited, but in the marginal parts of 
the area (as, for example, in the Hellena mine) the 
relatively rare chalcopyrite forms inclusions in the 
sphalerite. In mesothermal ores some galena is coated 
with crusts of crystalline pyrite or is crossed by minute 
veinlets of it, reversing the normal order; indeed in 
prospects in the floor of Evans Gulch, pyrite and galena 
seem to form a late facies of ore, as compared with an 
earlier generation of pyrite, from which they are sepa­ 
rated in sequence by sphalerite.

Commonly sphalerite is deposited later than galena 
as veinlets of dark sphalerite, or as crustified veinlets 
whose central part is also sphalerite. Examples of 
this inverted sequence are seen in ore from the Lower 
Ontario tunnel and the First National mine. Some 
specimens from the First National mine showed two 
generations of galena, the earlier having almost the 
texture of steel galena, whereas the latter is coarsely 
crystalline and well terminated.

Such reversal or inversion of the normal order is as­ 
signable to "resurgence" (Spurr, 1923, pp. 288-291). 
This term is applied where, after the deposition of a 
series of minerals, a new influx of solutions like the 
original one repeats a part or all of the sequence. Re­ 
surgence may be induced simply by renewed supply of 
the mineralizing solutions, or by the opening of fresh 
and wider channelways through which solutions of a 
given temperature can approach nearer the surface 
than hitherto because of rapidity of flow; this process 
is to be especially anticipated at Leadville where, as 
has been shown, several movements probably took place 
along a given fault during the period of mineraliza­ 
tion. In a region that is barely reached by solutions, 
because of its remoteness from the mineralizing center, 
minerals that represent cool, distant facies are depos­ 
ited first; then, as the magma that furnished the 
mineralizers approaches nearer the surface and the 
temperature in this region rises, other minerals typical 
of higher temperatures may be deposited upon those 
first formed and the normal sequence is thus reversed. 
Or, finally, the deposits from several centers may over­ 
lap in time so that those of a high temperature but more 
distant center cut or follow deposits from a nearer but 
cooler source.

COMPARISON WITH DEPOSITS IN CENTRAL LEADVILLE 
DISTRICT AND ELSEWHERE

In a general way the Leadville district illustrates 
the principle of zoning, as developed by Spurr (1923, 
pp. 253-291), Emmons (1924, pp. 964-997), and Lough- 
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lin and Behre (1934, pp. 221-224). In the central part 
of the district near the Breece Hill plug, the ores were 
formed by the replacement of limestone. There the 
ores consist of magnetite and specularite, and rmall 
amounts of pyrite, chalcopyrite, galena, and sphalerite; 
the gangue minerals are serpentine, siderite or margan- 
osiderite, and quartz. Small amounts of wollastonite, 
epidote, sericite, and quartz also occur here. Emnons, 
Irving and Loughlin (1927, pp. 147-148) interpreted 
this assemblage as representing two generations: (1) 
a group of pyrometasomatic minerals including 
wollastonite and olivine of an unidentifiable pyroxene, 
now altered to serpentine; (2) a group of high-tem­ 
perature (hypothermal) minerals, deposited largely by 
replacement of earlier minerals of higher temperature 
and also by metasomatic replacement of the limestone. 
Small amounts of serpentine in the Altoona wordings 
and near the Mansfield shaft and numerous dikes of 
Johnson Gulch porphyry in this area suggest tlf,t a 
plug similar to that of Breece Hill, but smaller, may 
lie not far beneath the surface. The inferred plug is 
indicated in dashed lines just west of the Mike fault 
on the map, but heavy cover and extensive hydrother- 
mal alteration of the porphyry that is the surface rock 
here makes the form and even the existence of the plug 
uncertain. Its small size would account for the scant 
distribution of the pyrometasomatic minerals in this 
area and the meager evidence of hypothermal 
mineralization.

With the exception of this center of higher tempera­ 
ture and the local occurrence of actinolite in limertone 
lenses of Weber (?) formation near Lake Isabelle, the 
ore deposits found in the peripheral parts of the Lead­ 
ville district are of mesothermal to epithermal aspect. 
The highly productive manganosiderite-pyrite-sphal- 
erite-galena ores of the central part of the district 
and the barite-galena-sphalerite ores of the marginal 
parts, represented in the-Hilltop and Continental Chief 
mines, may be regarded as hot and cool mesothermal 
facies respectively (Loughlin and Behre, 1934), or as 
mesothermal and epithennal facies respectively, as now 
believed by the writer. The following general facts 
favor the interpretation that the central Leadville 
mineralization is mainly mesothermal and the marginal 
mineralization epithermal.

1. A comparison of diagnostic minerals, as listed by 
Emmons (1942, pp. 51, 63, 71), shows more minerals 
listed in zone 5 (table, p. 88) that are typical of de­ 
posits formed at moderate temperature than at high 
temperature. When due allowance is made for com­ 
plications of structural control, the outer (zone 4) of 
the table on page 88 is evidently epithermal, as it 
surrounds a mesothermal zone from which it is sep­ 
arated by a relatively barren zone of one half mile 
or more.
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2. Certain minerals in the mesothermal zone (zone 
5) are especially characteristic of that or of cooler 
zones, rather than of hypothermal zones. Outstand­ 
ing examples are the silver and copper sulfo-salts of 
antimony and arsenic, proustite, enargite (?), ten- 
nantite, and tetrahedrite, and also bismuthinite and 
barite. Argentite is also present but may be second­ 
ary and he"nce is of doubtful significance.

3. Certain other minerals listed from zone 5 are 
more typical of epithermal than of mesothermal veins; 
examples are barite (where present it occurs as the 
dominant gangue), argentite and native silver. How­ 
ever, because of the scarcity of diagnostic minerals, 
some, of which may even be secondary, this evidence 
is not conclusive.

4. Chalcopyrite, a mineral characteristic of meso­ 
thermal ores, is absent from zone 4. Its absence is 
conspicuous because its presence elsewhere in the dis­ 
trict demonstrates the presence of copper in the 
mineralizing solutions nearer the source.

5. In the deposits of the outer zone (5) extensive 
blankets are conspicuously absent, which is suggestive 
of the effects of solutions weakened by loss of reactive 
agents and lowering of temperature.

Despite the above contention, there are areas distant 
from the central Leadville district in which typical 
mesothermal ores are conspicuous. One such place is 
the floor of Evans Gulch, near and north of the Best 
Friend mine, where pyrite is more abundant in the ore 
than is usual in typical epithermal deposits, such as 
those of the Continental Chief and Hilltop mines. An­ 
other and larger area extends from the Hellena mine 
and prospects near it, north to Printer Boy Hill, south 
to the crest of Long and Derry Hill, and westward 
at least as far as the Kex mine in Iowa Gulch. This 
distribution of minerals characteristic of higher tem­ 
peratures, even though they do not represent hypo- 
thermal or the more intense .mesothermal conditions, 
lends further support to the inference that a pluglike 
mass of intrusive rock lies close to the surface near 
the Mansfield shaft.

The mineral assemblage characterizing the more dis­ 
tant fades of the Leadville district, such as the deposits 
of the Continental Chief and Hilltop mines, is espe­ 
cially striking. Typical ore of this kind is found in 
dolomitic limestone and consists of barite in long bladed 
crystals that have extensively replaced the limestone, 
and of crystals of galena and sphalerite deposited on the 
barite in open cavities commonly present. The sphal­ 
erite is dark chocolate-brown ("marmatite") to light 
olive-green or even a honey-yellow; the olive-green va­ 
riety is most common in this f acies. Such ore is said to 
contain as much as 4 ounces of silver to the ton, but 
in what form has not been determined. Pyrite and 
quartz in small amounts may be present. This mineral 
assemblage, the tabular ore bodies and similar replace­

ment veins (see descriptions of the Continental Chief 
and Hilltop mines, pp. 135 and 136), the well-crystal­ 
lized bladed habit of the barite, its position in the 
mineral sequence before the sulfides, and the excep­ 
tionally light color of the sphalerite are sufficiently 
characteristic to merit the use of a type name for such 
ores. A convenient term derived from this region is the 
Sherman type of ore, after Sherman Mountain on or 
near which several such deposits are located.

Another areal relationship is evident in the marginal 
part of the Leadville district. Wherever rocks and 
structures were favorable, ore-forming solutions that 
traveled still farther from the source apparently formed 
deposits showing an even simpler mineral assemblage 
than that of the Sherman type. This is well shown in 
prospects about a mile south of Mitchell Banch and bet­ 
ter still at the Ruby mine in the Weston Pass mining 
district, about 10 miles south of Leadville and near the 
crest of the Mosquito Range. At the Ruby mine the 
primary ore minerals are disseminated galena, light- 
colored or dark-brown sphalerite, and small quantities 
of pyrite; the gangue consists of dolomite, calcite, and 
crystalline quartz, and white to light bluish-gray jas- 
peroid (Behre, 1932, pp. 56-75). Such ores are gen­ 
erally lean in silver and do not contain barite; indeed, 
it might be contended that all the gangue minerals are 
such as might be derived from the country rock by mere 
solution and redepositioii—a process resembling lateral 
secretion and in which the solutions that brought in the 
ores served only as transporting media. It is prob­ 
ably significant that deposits conforming to this type 
are located on or adjacent to bedding planes or to faults 
essentially parallel to the bedding; such channelways 
would involve the maximum distances of travel for the 
mineralizing solutions and a very large amount of cool­ 
ing, and hence would afford the most favorable oppor­ 
tunity for dissolving and reprecipitating gangue 
materials from the country rock.

Published descriptions of the deposits of the central 
part of the Alma district, on the eastern slope of the 
Mosquito Range about 11 miles east-northeast of Lead­ 
ville (Singewald and Butler, 1930, pp. 295-308; 1931, 
pp. 289-406; 1933, pp. 89-131) and of Leadville (Lough- 
lin and others, 1936, pp. 410-441) reveal virtually 
identical mineral zones at corresponding distances from 
the apparent mineralizing source if due allowance is 
made for differences in structural conditions in the two 
districts. As at Leadville, the Sherman type is definitely 
recognizable at Alma, and also those types characteristic 
of the higher-temperature zones.

The individual zones at Leadville as discussed here, 
and at Alma as described by Singewald and Butler, are 
recognized in many other districts and further compari­ 
sons are not necessary to the purpose cf this report. 
One striking analogy, however, may well be pointed 
out—the general resemblance in mineralogy between the
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telethermal deposits at Leadville and the much-debated 
Mississippi Valley lead and zinc deposits. Even the 
structural features of the two regions, if attention is 
concentrated on the immediate neighborhood of the 
ore deposits, are not highly dissimilar, especially when 
it is recalled that ore deposition in the Mississippi 
Valley districts is in many instances strongly controlled 
by bedding planes as accessory channels and sites of 
deposition (Fowler and Lyden, 1932, pp. 232-233), 
whatever the course of the hypothetical trunk channels.

DESCRIPTION OF MINERALS 

LEAD MINERALS

Anglesite.—The sulf ate of lead (PbSO4 ) is normally 
an oxidized product of galena and is common through­ 
out the district though not present in large quantities. 
Its formation is generally attributed to direct oxida­ 
tion of galena in place, but an alternate explanation 
has been offered (Butler, 1913, p. 10). Almost all 
galena collected from near the surface showed the char­ 
acteristic gray coating, less than % 6 in. in thickness, 
that indicates the oxidation of galena to anglesite in 
advance of the reaction with CO2 to form the carbonate; 
on such material the anglesite is not in visibly crystal­ 
line form. Cerussite, the carbonate, usually forms a 
thicker white border, or successive and banded layers 
having an aggregate thickness greater than the shell 
of anglesite, and it is generally chalky or of a translu­ 
cent milky white hue.

Cerussite.—The carbonate of lead (PbCO3 ) is an 
alteration product from the reaction between carbon 
dioxide (C(X) of the atmosphere, or that dissolved in 
the ground waters, and galena or anglesite. Many be­ 
lieved it is formed by the reaction of lead-rich waters 
and limestone. Characteristically, cerussite appears as 
coatings on nodules containing inner layers of anglesite 
and central nuclei of galena. It is found also in a dense 
siliceous matrix, called "hard carbonate." Commonly 
it assumes crystalline form where deposited in cracks 
and vugs, evidently from descending solutions. In the 
central part of the Leadville district cerussite is a very 
valuable lead ore (Emmoiis, 1886, p. 546; Emmons, 
Irving, and Loughlin, 1927, p. 163) and occurs partly 
in the crystalline form, partly as massive coating like 
that described above, but largely as "sand carbonate." 
The crystalline and "sand carbonate" forms are gen­ 
erally lacking in the marginal parts of the Leadville 
district. The nearest deposits where these minerals 
were abundant are those of the Izzard group properties 
from which much silver-rich carbonate ore was mined. 
The Peerless mine on Peerless Mountain is also said 
to have supplied some quantities of "hard carbonate" 
consisting of cerussite cemented with silica (Emmons, 
1886, pp. 533-534). Megascopically crystalline cerus­ 
site is more abundant in the central than in the mar­ 
ginal part of the district. In the Mount Sherman area

small crystals of it line many of the vugs of cavernous 
smithsonite described below. Some of the high-level 
stopes in the Continental Chief and Hilltop mines are 
also said to have contained rich silver-bearing cerus­ 
site, largely coarsely crystalline.

Galena.—Sulfide of lead (PbS) is one of the most 
widespread primary ore minerals in the Leadville dis­ 
trict. Because of the insolubility of its oxidation prod­ 
ucts, crystals of galena are highly resistant to chemi­ 
cal change even in the zone of strongest oxidation. In 
many deposits it is the only primary sulfide remaining 
after a long period of oxidation. Typically the galena 
occurs in cubes, but in a few places in the mesothermal 
ore bodies (for example, in the First National mine) 
twinned forms, suggesting those of Neudorf in the 
Harz region in Germany (Palache, Berman, and Fron- 
del, 1944, fig. on p. 201), encrust masses of carbonate 
ore.

Galena in typical cubic crystals is disseminated along 
the bedding in the limestones of the district forming 
ill-defined and discontinuous but recognizable bands 
(fig. 64) ; this habit is especially characteristic of the 
ores more distant from their source.

Among sulfide minerals galena is one of the most 
delicate recorders of stress or deformation. Several 
features of the galena found in fissures are indicative of 
postmineral movement. For example, in the Hellena 
mine steel galena occurs in the Hellena fault fissure. 
In the same mine some galena was fractured along its 
cleavage planes, and the fractures were later filled with 
thin films of quartz. Much galena (for example, that 
of the Continental Chief mine) shows curved cleavage 
planes, indicating at least stress and probably renewed 
movement. Somewhat similar features have been de­ 
scribed from the Coeur d'Alene district in Idaho (Wald- 
schmidt, 1925, pp. 583-584), though the crushing there 
appears to have been more intense. Deformation of

FIGURE 64.—Partly oxidized galena in silicifled limestone. X % 
Prospect. X—71, Horseshoe Mountain. Surface is polished. White, 
galena; light-gray margins of galena, anglesite.
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this kind usually occurs along twin lamellae or cleavage 
planes (Schneiderhohn and Eamdohr, 1931, pp. 249 
and 254), but in the ore from the Hellena mine the 
cleavage planes themselves .are deformed.

In some of the shaly beds of the Weber (?) forma­ 
tion, galena as small, poorly formed cubes is intergrown 
with sphalerite, the two occupying positions similar 
to metacrysts in a schist. In the Hellena mine, where 
such relations were observed, the shale has been pushed 
aside, rather than replaced, for its laminae have been 
bent around the crystals.

Pyromorphite.—Pyromorphite [(PbCl) Pb4P3Oi2] 
is a mineral characteristic of the oxidized zone in lead 
deposits. Several of the older accounts of mining in 
Iowa Gulch mention pyromorphite, and the ore of the 
Waterloo mine in Strayhorse Gulch is said to have 
contained considerable pyromorphite as shown by re­ 
calculation of analyses of "carbonate" ore (Emmons, 
Irving, and Loughlin, 1927, pp. 164-165). None was 
observed by the writer in mines or dumps of the margi­ 
nal part of the Leadville district, however, and it seems 
to be characteristic of the central area, mainly because 
of the absence of sources of phosphoric acid in the pri­ 
mary minerals of the outer part.

ZINC MINERALS

Aurichalcite.—Aurichalcite, a basic carbonate of 
zinc and copper [2(Zn, Cu)CO3-3(Zn, Cu)OH2] is a 
beautiful light-blue mineral commonly found, at least 
in small amounts, as radiating fibers near most of the 
smaller veinlets and replacement deposits on Sherman 
Mountain and in several of the larger workings. It 
occurs also in druses or vugs in oxidized zinc ore on 
some of the dumps of the First National and Julia- 
Fisk groups. Its composition indicates that it is an 
oxidation product of zinciferous ores that contain some 
copper. Probably the copper was present in the pri­ 
mary ore in the form of chalcopyrite microscopically 
enclosed in sphalerite, as no megascopic chalcopyrite 
was seen. Observations reported in Professional Paper 
148 indicate that aurichalcite is contemporaneous with 
calamine (the hydrous zinc silicate) but in specimens 
studied by the writer it appears to be slightly later.

Hemimorphite (Calamine).—Hemimorphite (H2Zn2- 
SiO5 ) occurs in two forms—(1) in typical crystals, 
generally embedded in gouge or in clayey material of 
other than tectonic origin, and (2) in porous, bonelike 
yellow to brown masses (the "dry-bone" of the miners) 
ranging up to 2 ft in diameter, generally surround­ 
ing slightly tarnished galena and sparse barite. Sig­ 
nificantly, the crystals are distributed through the rock, 
as though it were a replacement product; the porous 
masses seem to be associated with open cavities.

Chalcophanite.—A dark-brown, drusy, botryoidal 
mineral, suggesting highly oxidized smithsonite but 
probably chalcophanite, was found in one of the higher 
stopes north of the incline in the "South workings" of

the Continental Chief mine. The formula for chalco­ 
phanite is generally given as (Mn, Zn)O2MnO2-2H2O. 
The mineral seems to be rare in the marginal parts 
of the district but moderately common in the more 
highly mineralized areas.

Goslarite.—In the deeper parts of the oxidized zone, 
the heat or the dryness of the air has locally evaporated 
the water from solutions of zinc sulfate, yielding gos- 
larite (ZnSO4-7H2O) in long, needlelike crystals, at­ 
tached most commonly to the walls of old, dry stopes 
and drifts.

Hydrozincite.—Though observed in only small 
amounts, hydrozincite (2ZnCO3-3Zn(OH) 2 ) is fairly 
widespread on the dumps of prospects on the western 
slope of Mount Sherman. It is a white, chalky soft 
coating occasionally seen on the surface of smithsonite 
and commonly associated with aurichalcite.

/Smithsonite.—Smithsonite, the common carbonate of 
zinc (ZnCO3), is abundant in all the oxidized zinc ores 
of Leadville. A dense variety so closely resembles 
partly weathered, rusty limestone that it was long used 
mistakenly for limestone flux. Some smithsonite is 
lighter in color, approaching white or light yellow. 
These varieties rarely occur as druses.

In Iowa and Empire Gulches and in the Hilltop and 
Continental Chief mines, the masses of deeply oxidized 
zinc ore commonly show an ocher-colored, dense mesh- 
work in which are embedded corroded, shattered, or 
regularly cubical crystals of galena, still mostly unox- 
idized. In the midst of these masses is fine-textured, 
highly honeycombed, much more cavernous ore which 
is commonly a light olive-gray (fig. 65). This honey­ 
combed ore, like similar masses of hemimorphite, is 
called "dry bone ore" by the miners. Both the highly 
honeycombed ore and the more dense surrounding mesh- 
work are varieties of smithsonite. The honeycomb 
structure is ascribed to preservation of smithsonite that

FIGURE 65.—Oxidized ore consisting of galena (polished, white) and 
limestone black, crossed by veinlets of gray smithsonite. X %• 
Continental Chief mine.
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filled cracks in limestone fragments, the limestone it­ 
self having been subsequently dissolved, much as has 
been assumed in the case of the development of box- 
work silica (Lindgren, 1900, pp. 170-171, pis. 28, 30). 
This explanation seems valid, especially if it be assumed 
that the densest, meshlike parts of the smithsonite rep­ 
resent earlier vein-filling, implying two periods of 
fracturing and of smithsonite deposition. However, 
the curvilinear forms of the honeycombed plates do not 
resemble normal fractures.

Smithsonite is an ore mineral of the greatest impor­ 
tance even in the marginal district; indeed, in the high 
altitudes of the marginal Leadville region the drainage 
is excellent and the ground-water table so low that 
most of the deposits are in the zone of oxidation, and 
smithsonite is very abundant. The Hilltop mine is said 
to have produced mostly smithsonite ore. In the Con­ 
tinental Chief mine nearly all zinc has come from 
smithsonite ore and only the deepest levels contained 
much sphalerite; here local sphaleritic ores are crossed 
by smithsonite veinlets.

SpJiaterite.—Sphalerite or zinc blende (ZnS) (fig. 
66) is the only important primary zinc mineral. The 
common crystal forms are highly varied. In the meso- 
thermal ores the sphalerite is commonly intergrown 
with pyrite or with galena, though rarely in such a 
way as to suggest contemporaneity between galena and 
pyrite. Generally in such ore the galena and sphaler­ 
ite are intimately intergrown, suggesting contem­ 
poraneous formation, but some pyrite inclusions have 
been found in sphalerite, oriented as though they had 
resulted from unmixing. Somewhat rarely, in vugs, 
the sphalerite crystals are well terminated. Sphalerite 
of the mesothermal zone is dark-brown to black, with a 
high, resinous luster and is commonly called "marma- 
tite." Analyses cited by Emmons, Irving, and Lough- 
lin (1927) show a range in iron and manganese con-

FIGURE 66.—Sphalerite (black) crossed by stringers of smithsonite 
(white). X %• Deepest workings, Continental Chief mine.

tent of 12.1 to 17.8 percent; the iron is generally 
ascribed to the presence of FeS in isomorphous combi­ 
nation with the ZnS, as thin sections show no crystal­ 
line iron sulfide.

Near the margins of the district the sphalerite has a 
quite different appearance. Galena is the only com­ 
mon associate and, as the sphalerite generally lacks the 
intimate intergrowth with other sulfides seen in the 
central part of the Leadville district, the crystals are 
commonly euthedral. Moreover, the sphalerite is gen­ 
erally much lighter in color than the typical marmatite 
of the central Leadville district; it is for the most part 
light olive-green. It is transparent in thin-sections, 
not translucent or nearly opaque as is commonly the 
case in the darker variety. Whatever the cause of the 
green color, it is generally retained even after the sphal­ 
erite has been converted to smithsonite. Sphalerite of 
this facies and galena commonly grow upon bladed 
barite crystals, filling the space between them.

ScMconite (zinciferous clay).—In the intermediate 
stopes northwest of the new incline of the Continental 
Chief mine, there is a firm, brownish, banded clay with 
conchoidal fracture, apparently the end product of 
hydrothermal alteration and oxidation of the Leadville 
dolomite. The percentage of zinc present sufficed to 
induce local prospecting, but zinc content was small 
and recovery too difficult to yield a profit. For a de­ 
tailed discussion of the nature and origin of such clays, 
the reader is referred to Loughlin (1918, pp. 24r-28) 
and Emmons, Irving, and Loughlin (1927, pp. 160- 
162, 264-270) and to a later article by Ross (1946, pp. 
411-424).

COPPER MINERALS

Azurite.—Azurite, the blue basic copper carbonate 
(2CuCO3-Cu(OH).2), is seen as thin coatings on some 
baritic lead or zinc ores, such as those found in the Dyer 
mine on Dyer Mountain and in the smaller workings on 
Mount Sherman between the Continental Chief mine 
and Hilltop Pass.

Chalcanthite.—Chalcanthite (CuSO4-5H2O) is rarely 
seen at Leadville on account of the relatively high hu­ 
midity in this district as compared with the desert or 
semiarid climates in which this mineral typically forms. 
Miners have found it occasionally, however, as stalac­ 
tites attached to timbers and walls, especially during 
the winter, the season of lowest humidity inside the 
mines. It has not been observed by the writer in the 
course of these studies.

Chalcocite.—Chalcocite (Cu2S) is commonly a prod­ 
uct of secondary sulfide alteration, where chalcopyrite 
or other copper sulfides are present in the primary ore. 
Considerable quantities of chalcocite occur in the cen­ 
tral part of the Leadville district, especially where pri­ 
mary copper sulfides are important constituents of the 
ore, but even in the South Ibex (Venir) mine, where
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copper is not abundant, thin films of sooty chalcocite, 
called "copper skin" by the miners, are plentiful.

In the marginal parts of the district here described, 
chalcopyrite and other primary copper minerals are 
rare, and most of the mining has been carried on in the 
oxidized zone, so that chalcocite is not commonly seen. 
A small quantity appeared in ore from the Helleiia mine, 
presumably from the 5th level. It is of no economic 
importance.

Chalcopyrite.—The scarcity of chalcopyrite (Cu 
FeS2 ) in ores of both the marginal and the central 
areas of Leadville is striking, considering the wide va­ 
riety and the intensity of mineralization. Inclusions of 
chalcopyrite in sphalerite are fairly widespread, but 
make up so small a part of the total mass of the ore as 
to be inconspicuous in most hand specimens. Chal­ 
copyrite in relatively high proportions is found in 
Swansoii's stope and in other ore ^hoots near it in the 
Ibex mine; here it is generally in close association with 
pyrite, occurring partly in definite veins and partly in 
irregular masses of highly varied size within the pyrite. 
It is especially conspicuous near the central and larger 
parts of the stope, as the ratio of zinc to copper in­ 
creases marginally. Emmons, Irviiig, and Loughliii 
(1927, pp. 165-166) stated that generally chalcopyrite 
is richer in silver than the associated pyrite and that 
silica (mostly quartz) is the commonly associated 
gangue. Where chalcopyrite occurs with galena and 
sphalerite in the outlying areas it is partly older than 
the sphalerite, but invariably older than the galena.

In the marginal district, the ores here classified as 
mesothermal contain some chalcopyrite; Mr. E. P. 
Chapman (Personal communication, 1934) gave it as a 
conspicuous constituent of the rich ores in Printer Boy 
Hill. It is inconspicuous in ores of the Hellena mine, 
and small amounts of it appear with pyrite in the dump 
of Prospect C-103, south of the Best Friend group in 
Evans Amphitheater. In such occurrences the chal­ 
copyrite is too intimately iiitergrown with gangue and 
other sulfides, especially sphalerite, to have well-termi­ 
nated crystals. In the still more distant (epithermal) 
facies, as seen 011 Sherman, Dyer, and Peerless Moun­ 
tains, chalcopyrite was nowhere actually found in the 
ore, but the widespread presence of stains of malachite 
and azurite point to widely disseminated but low per­ 
centages of primary copper minerals, most probably 
chalcopyrite.

Chrysocolla.—Chrysocolla is a bluish-green, amor­ 
phous, hydrous copper silicate (Cul3iCy2H2O), and, 
like other copper minerals in this area, is widespread 
but does not occur in large proportions. It is present 
in oxidized ores, having essentially the same distribu­ 
tion as the copper carbonates, but is less common than 
malachite.

Covellite.—A bright peacock-blue iridescence found 
locally on sphalerite, especially in the more central

part of the Leadville district, suggests thin coatings 
of covellite (CuS). This mineral, which is commonly 
associated with chalcocite, is generally formed during 
secondary sulfide enrichment—in part, at least, as a 
first step in the formation of chalcocite.

Enargite.—Enargite (Cu3AsS4), a sulfarsenate of 
copper, has been reported from several of the workings 
on the north and south sides of Iowa Gulch in the 
neighborhood of the Hellena mine, but ore found on the 
dumps showed none, and underground studies in the 
Hellena mine brought none to light. C. J. Moore (un- 
pub. rept., 1902) recovered small amounts of enargite 
in the lower Little Troubadour tunnel, but specimens 
for examination are 110 longer available.

Malachite.—Malachite is a green mineral, widely 
distributed in the oxidized ore of the marginal part of 
the district. It is a close relative of azurite and the 
two differ mainly in chemical composition and in color; 
malachite has the formula CuCCyCu(OH) 2 and is the 
more highly hydrated and basic of the two common 
carbonates. In the epithermal ores it commonly ap­ 
pears in tiny botryoidal masses or acicular crystals on 
blades of barite but it is not present in commercial 
quantities.

In one of the workings on the Garbutt property mala­ 
chite formed so rapidly on the floor of a stope and 
drift that a coating two inches thick accumulated in 
three years. The source seems to have been oxidized 
copper sulfate solution. The product is a highly cav­ 
ernous, bright-green copper carbonate with scattered 
tiny white areas, evidently representing a kaolinlike 
compound.

Tennantite and tetrahedrite.—Gray copper ore— 
temiaiitite (Cu8As2S7 ) and tetrahedrite (Cu8Sb2S7 )— 
has been reported by miners operating in Iowa Gulch or 
on the slopes to the north and south; the two minerals 
are so similar that decision as to their presence and their 
exact identification must await the examination of bet­ 
ter material. Temiantite, however, has been definitely 
identified in ores of the Lillian mine. No sulfo-salts 
of copper were found in hand specimens or polished 
sections of any of the other ores from the marginal 
parts of the Leadville district.

SILVER MINERALS

Alaskite.—The bismuth-bearing mineral alaskite 
(Ag2S-PbS-Bi2S3 ) was found in a single specimen 
(Chapman, 1941, p. 269) from the Lillian mine on 
Printer Boy Hill, associated with gold that is believed 
to be secondary. The alaskite is in small residues in 
nodules of oxidized ore.

Argentite.—Argeiitite (Ag2S), found in various dis­ 
tricts both as a primary mineral and as the product 
of secondary sulfide enrichment (Emmons, 1917, pp. 
274-275) has been reported by C. J. Moore from the 
Ella Beeler mine (uiipub. rept., 1909). It is probably
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also present, though not identifiable in the specimens 
available, in the silver-rich galena and its oxidized 
products found in the Hellena, First National, Belcher, 
and other mines of the mesothermal zone, and in the 
Continental Chief, Hilltop, and similar ore bodies of 
the marginal, epithermal zone. In such ore, the argen- 
tite is probably present as tiny inclusions, though some 
of the silver, as in other similar districts, may also oc­ 
cur in other forms, such as freibergite or native silver 
(Finlayson, 1910, p. 727; Singewald and Butler, 1931, 
p. 405; Sandberg, 1935, p. 501, fig. 6). In the oxidized 
ore argentite also occurs in small specks in the cerussite 
(Emmons, Irving, and Loughlin, 1927, p. 167). Its 
presence as a primary mineral in the marginal parts of 
the Leadville district is inferred from the high silver 
content of some of the ore.

Cerargyrite.—Cerargyrite (AgCl) is a product of 
oxidation. Though seldom very conspicuous, it is wide­ 
spread at Leadville and accounts for most of the high 
silver content of oxidized ore. Cerargyrite occurred 
at the Peerless Maude and Hilltop mines in large 
quantities. How much of the "horn silver" of the older 
miners was true cerargyrite (AgCl), and how much was 
a salt of other halogens, such as bromyrite (AgBr) and 
iodyrite (Agl), is not known. All the "horn silver" 
seen by the writer was true cerargyrite.

Many miners designate malachite as "chloride," es­ 
pecially where it occurs as thin films, evidently regard­ 
ing it as a high-grade silver ore.

Hessite.—Chapman (1941, p. 268) has reported find­ 
ing hessite (Ag2Te) in association with bismuth min­ 
erals in ore from the Greenback, Tucson, and Louisville 
mines and in some specimens of doubtful origin. It 
may be present in the deposits of Printer Boy Hill.

"Lillianite" and related minerals.—The problematic 
mineral "lillianite" was discussed in detail in Profes­ 
sional Paper 148 (Emmons, Irving, and Loughlin, 
1927, p. 170), together with the minerals "kobellite," 
and "schapbachite." These minerals appear to be re­ 
lated both to bismuthinite (Bi2S3 ) and to galena (PbS), 
and intermediate forms from Leadville have been de­ 
scribed by Chapman and Stevens (1933, pp. 680-685; 
1941, p. 274) who showed that the "lillianite" of the 
Lillian and Greenback mines (the latter in the central 
Leadville district) is really an intergrowth of bismuthi­ 
nite and argentite. Chapman and Stevens agree with 
the work of Emmons, Irving, and Loughlin (1927, p. 
170) who arrived at a similar conclusion but regarded 
galena as another admixed ingredient, and mentioned 
"schapbachite" as having essentially the same composi­ 
tion. Though mineralogically interesting, the "lillian­ 
ite" and its relatives in the marginal part of the Lead­ 
ville district are of economic importance only on Printer 
Boy Hill.

Proustite.—Light ruby silver, proustite (Ag3AsS3), is 
reported from the lower tunnel of the Little Trouba­

dour group. None was found on the dump, and its re­ 
lation to the associated minerals is not known.

Silver, native.—Native silver in wires and in thin 
leaflets is reported from several deposits in the marginal 
parts of the Leadville district. Its common association 
with fissures in sulfide ores suggests that it was formed 
by precipitation from solutions as they ascended or de­ 
scended along bodies of base-metal sulfides. Minute in­ 
clusions of silver (?) are found in galena as already 
indicated above.

GOLD MINERALS

Gold, native.—Native gold was commonly found in 
many mines located in the central part of the Leadville 
district. In the marginal parts it generally occurs 
where bismuth is found (Chapman, 1941, p. 272), no­ 
tably in the mines of the Lillian group. It appears to 
coat earlier sulfides, or to occupy their cleavage cracks; 
rarely it is disseminated, as in the Lillian mines. These 
relations are similar to those at Gilman, Colo. They 
seem to indicate that gold, like the silver-bismuth com­ 
pounds previously referred to, appeared late in the 
mineral sequence; in fact, Chapman has recognized a 
bismuth-gold stage very late in the precipitation of 
the metallic minerals.

Some of the ore once worked on the upper levels of 
the Hellena mine appears to belong to this stage and to 
have been very rich in gold, but this is exceptional. In 
the more distant ore deposits, such as those of Iowa and 
Empire Amphitheaters, no free gold was recognized in 
the ores; that which was present was probably in the 
form of minute inclusions in galena, pyrite, or blende, 
and remained residually concentrated upon oxidation. 
Presumably as the result of downward enrichment and 
transportation in chloride solutions, native gold also 
occurred in fissures in the pre-Cambrian rocks on the 
lower slopes of East Ball and West Sheridan Moun­ 
tains. Placer gold has been worked on a small scale in 
the outlying parts of the Leadville district, but pro­ 
duction has been far less than in California Gulch. The 
placer deposits derived from Iowa and Empire Gulches 
have been carried by glacial action to places nearer the 
axis of the Arkansas Valley.

IRON MINERALS

Goethite and turgite.—Goethite and turgite probably 
occur in the oxidized zone of all of the deposits, wher­ 
ever pyrite, siderite, or even dark-colored zinc blende 
were present among the primary minerals. They are 
not readily distinguished, but turgite (2Fe2O3rH2O) 
is commonly reddish or nearly black, whereas goethite 
(Fe2O3 *H2O) and its near relative limonite (generally 
written 2Fe2O33H2O) are generally brownish or 
yellowish.

The hydrous iron oxides are especially conspicuous 
in oxidized "contact" or "blanket" deposits. They are 
also characteristic as a stain on silicified limestone near
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faults. In some instances they have been transported, 
presumably in the colloidal state, and occupy tiny fis­ 
sures in the country rock. They are especially notice­ 
able along small gold veins in the areas of pre-Cambrian 
rocks.

Hematite.—Hematite (Fe2O3 ) is uncommon at Lead- 
ville as an associate of ore except where relatively high- 
temperature mesothermal, hypothermal, or contact- 
metamorphic minerals occur; it is especially typical of 
deposits formed at high temperatures. This is con­ 
firmed by the presence of specularite in the contact- 
metamorphic ores at the Ibex mine, described by Em- 
mons, Irving, and Loughlin (1927, p. 150).

Scattered masses of magnetite and rock containing 
cloudy aggregates of fine, dusty hematite particles oc­ 
cur in the ground between the Mansfield shaft on the 
west, the First National shaft on the east, the crest of 
Printer Boy Hill on the north, and the bottom of Iowa 
Gulch.

The reddish colors in the oxidized parts of many of 
the "blanket" deposits are caused by the presence of 
turgite, rather than of hematite.

Jarosite.—Jarosite (KFe3S2Ou'6H2O) is reported 
by Emmons (1886, pp. 549-550) to occur abundantly 
in an almost continuous layer under the rich ore bodies 
of Carbonate Hill. In a stope northwest of the incline 
on an intermediate level of the Continental Chief mine, 
partly oxidized galena is embedded in material unctu­ 
ous to the touch, ocherous in color, and composed in 
part of tiny plates. No analyses were made, but the 
physical properties of the mineral suggest that it i& 
Jarosite.

Limonite.—Limonite, with which goethite and tur­ 
gite may also be classed loosely, is characteristic of the 
oxide zone and develops as a result of the oxidation of 
ore minerals rich in iron. Its presence in large amounts 
along fissures strongly indicates locally intense mineral­ 
ization. In regions where the country rock is homo­ 
geneous and not stratified, heavy, more or less linear^ 
stains of hydrated iron oxide may be the only indi­ 
cation of fissuring and possible ore deposition.

Locally in the mine workings, hollow stalactites of 
limonite hang from the walls and timbers. They were 
formed by descending waters carrying iron from over­ 
lying bodies of pyrite, ferruginous sphalerite, or side- 
rite, or possibly even from limonite.

Magnetite.—Magnetite (Fe3O4 ) appears in minor 
amounts in the area to the east of the Mansfield shaft. 
Here, like the hematite previously described, it replaces 
the limestone, forming lenses of dense black rock or 
crystals in vugs. A few specimens show well-formed 
octahedral crystals. Magnetite, like hematite, indicates 
mineral deposition at relatively high temperatures.

Melanterite.—Melanterite (FeSO4-7H2O) is formed 
wherever pyrite or other sulfides containing iron be­ 
come oxidized. It is light-gray, yellowish, or light

greenish, and transparent or translucent. Where the 
air is hot and not humid, it loses its water and dries to 
a chalky powder.

Pyrite.—Pyrite (FeS2 ) is the commonest of the sul­ 
fides. It occurs as one of the chief constituents of the 
ores and in a variety of forms. At Breece and Printer 
Boy Hills it represents deposition of iron at a tempera­ 
ture below that at which the hematitic and magnetitic 
bodies were formed. Pyrite is found crustified with 
other minerals in veins, densely intergrown with 
galena or sphalerite or both in veins and replacement 
bodies, and disseminated in limestones, sandstones, 
quartzites, and porphyries (fig. 69). It is especially 
plentiful in the basal shales of the Weber (?) forma­ 
tion, in the form of concretions; these concretions, how­ 
ever, are probably of syngenetic, sedimentary origin. 
Some of the porphyry bodies of the Leadville district 
were locally so rich in pyrite as to be designated the

FIGURE 67.—A. Typical baritic ore, Canterbury tunnel. X

FIGURE 68.—Veinlet of rhodochrosite crossing from shattered granite 
into margin of sulflde ore. X %. Hellena vein, east face, 5th level,. 
Hellena mine.
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FIGURE 69.- -Breccia of White porphyry, cemented and partly replaced 
bypyrite. X %. Dump of Julia-Fisk shaft.

"pyritif erous porphyry" and regarded as a distinct rock 
type in the earlier work of Emmons. In itself the 
pyrite has no economic value but some gold is believed 
to be associated with it. Its most common associate 
among the gangue minerals is quartz.

The pyritohedron is the most commonly observed 
form where crystals are well formed, though the cube is 
also common. Leadville is famous among mineralogists 
for its large, well-formed crystals of pyrite, which dur­ 
ing the earlier years of wireless telegraphy sold at a 
premium because of their use in crystal radio sets. 
Some pyrite crystals measure 3 or 4 inches on an edge.

In contrast to the widespread occurrence of pyrite, 
marcasite has not been found in the Leadville district. 
This is significant, as Alien, Crenshaw, and Johnston 
(1912, pp. 169-236) have shown that pyrite tends to 
form from alkaline solutions at higher temperatures 
whereas marcasite is characteristically crystallized 
from acid solutions at lower temperatures; even in the 
deposits of lowest temperature of the greater Leadville 
region, such as those at Weston Pass (Behre, 1932, 
pp. 65-66), the rare iron sulfide is found only in the 
form of pyrite. As various kinds of mineralogic and 
geologic evidence in this area point to deposition at 
comparatively low temperature, and as no very complex 
structures exist, it may reasonably be assumed that the 
pyrite was deposited from alkaline to neutral rather 
than from acid solutions. The alkalinity of these solu­ 
tions was probably maintained by reaction with the 
large amount of calcium-magnesium carbonate present 
in much of the sedimentary country rock.

MANGANESE MINERALS

Pyrolusite and psilomelane.—The Leadville district 
has long been an intermittent source of manganese ores, 
most of which consist of the minerals psilomelane 
(HiMn2O5 ) and pyrolusite (MnO2 ), and possibly also 
the mineral cryptomelane KMn8O16, the complex for­

mula of which is generalized (Fleischer and Richmond, 
1943, pp. 273-274). Most of the output came from 
the central part of the district, particularly from mines 
on Carbonate Hill. In the region here described, how­ 
ever, little of either mineral could be identified, though 
certain bodies on Long and Derry Hill are said to have 
contained much manganiferous ore (Emmons, 1886, p. 
509), including nodular masses of needlelike pyrolusite 
crystals. Several prospects on Kock Hill near the Nisi 
Prius were also manganiferous, as were the Florence 
tunnels, the highest large workings southwest of the 
crest of Printer Boy Hill, here included as part of the 
Lillian group.

A small amount of crystalline psilomelane has been 
found in pre-Cambrian granite between the northern 
peak of West Sheridan Mountain and Upper Long and 
Derry Hill.

Wad.—The impure, earthy manganese dioxide wad, 
is found in at least small amounts almost wherever 
hydrated iron oxides occur. It is especially conspicu­ 
ous in the oxidized "blanket" or "contact" deposits.

MINERALS OF THE RARER METALS AND METALLOIDS

Arsenopyrite.—Arsenopyrite (FeAsS) has hitherto 
been reported from only two mines, the Moyer and 
Tucson. Considerable arsenopyrite was found, how­ 
ever, on the dump of the First National shaft, together 
with pyrite, small quantities of chalcopyrite, and man- 
ganosiderite. These minerals occur in vugs in a 
slightly cavernous block of dolomitic Leadville lime­ 
stone. The arsenopyrite forms euhedral crystals 0.1 
in. (2.5 mm) in longest dimensions; the conspicuous 
striated facies of m(110) yield pseudorhombohedrons 
with twinning. These crystals are largely intergrown 
with pyritohedrons of pyrite, and both sulfides are en­ 
crusted with manganosiderite. Chapman also has de­ 
scribed manganosiderite that is later than arsenopy­ 
rite, and recognizes two generations of bismuth min­ 
erals, one earlier than the arsenopyrite, the other later.

Arsenopyrite is ordinarily formed at moderate to 
high temperatures. Its presence in the First National 
mine suggests that this region is nearer the source of 
mineralizing solutions than the region to the south 
and east.

Bismuth-bearing minerals.—Bismuth-bearing min­ 
erals have been reported in considerable amounts from 
several mines in the Leadville district, generally as 
intergrowths with argentite and galena, and various 
names have been applied to these intergrowths (Em­ 
mons, 1886, pp. 169-170). Chapman (1941, pp. 265- 
267) has recognized a widespread bismuth stage in min­ 
eralization, later in age than the main period of sulfide 
deposition. The minerals of the "bismuth period" are 
of economic interest because among them are silver 
compounds, native silver, tellurides, and native gold. 
Minerals of the "bismuth period" include the tellurides
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hessite (Ag2Te) and altaite (PbTe), tennantite and 
chalcopyrite, aikinite (Cu2S-2PbS-Bi2S3 ), and galeno- 
bismutite (PbS-Bi2S3 ) as the most prominent primary 
minerals, and argentite and native silver among the 
supergene derivatives. These minerals are conspicu­ 
ous in the ore bodies of the Garbutt and other mines 
on Breece Hill; on the south side of Printer Boy Hill; 
in the Cord, Whitecap, Louisville, and Tucson mines 
on Iron Hill; in a drift on the Silent Friend claim 
east of South Evans Gulch; and in the Greenback mine 
at Graham Park. Gold is associated with hessite in 
the Tucson mine.

Although the preceding statements apply to the dis­ 
trict as a whole, Chapman (1941, p. 269) de­ 
voted special attention to the ores of the Lil­ 
lian mine, in which he found gold in association with 
alaskite (Ag2S-PbS-Bi2 S3 ), a mineral related to 
bismuthinite.

Molybdite.—Though the primary mineral, molyb­ 
denite (MoS2 ), the chief source of molybdenum, has 
not been found in the Leadville district, its oxidation 
product molybdite (MoO3 ) occurs in most deposits that 
have been thoroughly oxidized. The molybdite appears 
as a fine yellow powder commonly associated with ga­ 
lena, suggesting that the primary sources are probably 
minute inclusions of molybdenite in the galena crystals*

GANGUE MINERALS

Gangue minerals are those which do not yield a use­ 
ful metal in noteworthy quantities, and also the car­ 
bonates of iron and manganese because these minerals 
are not here worked as sources of metals. There are 
also numerous other minerals in the rocks of the region. 
As fragments of such rocks are frequently present as 
inclusions or "horses" in veins or as relict parts of the 
original country rock in replacement deposits, they 
might be regarded as gangue minerals associated with 
the ores. In the following section, however, only such 
minerals will be listed as appear to have been formed 
together with the ore minerals, and are therefore essen­ 
tially a product of the mineralizing processes.

ATbite.—In the alteration of the Iowa Gulch por­ 
phyry, some of the feldspar was replaced by a highly 
sodic plagioclase, probably albite (see p. 56). Albiti- 
zation was strongest in the greenish-gray alteration 
f acies of the rock. This change appears to be corre­ 
lated in turn with the mineralization of the district; 
areally, however, there is no correlation. Locally 
bodies of mineralized and of albitized rocks overlap, 
but this coincidence is not conspicuous. This sort of 
alteration has occurred in all of the porphyries, as 
already reported by Singewald (1932, pp. 25, 27-29) ; 
its results are generally most conspicuous in the ground- 
mass. As albitization was not confined to fracture 
zones, Singewald regards it as essentially deuteric 
rather than hydrothermal. The two steps in rock al­

teration implied by his viewpoint are not sharply sep­ 
arable regionally by field inspection.

Aragonite.—Like calcite, the mineral aragonite has 
the composition CaCO3 . It occurs in some of the veins 
that appear to be later than those containing ore, but 
some of it may have been contemporaneous with them. 
Great blocks made up wholly of acicular crystals of 
aragonite are found on the western slope of the 12,065- 
ft knob northwest of Empire Hill, evidently from a 
nearby but unrecognized fissure.

Barite.—In the ores here classed as epithermal, barite 
(BaSO4 ) is the most characteristic and widespread 
gangue mineral. It fills open veins and occurs in tabu­ 
lar crystals as much as an inch long. In some ore the 
space between these crystals is occupied by sulfides, 
commonly galena and sphalerite. Even more charac­ 
teristic, however, is the tendency for barite to replace 
limestone in or near ore shoots. In places the feeding 
fissure is still outlined by the barite crystals; elsewhere 
it is completely sealed and the barite blades penetrate 
outward into the limestone in such a way as to destroy 
the fissure boundaries, yielding a type of replacement 
that may well be designated "baritization" (figs. 67, 
70,71).

The common association of barite with lead and zinc 
sulfides is especially characteristic of the epithermal 
and telethermal groups of ore deposits. Barium sulfide 
is soluble but barium sulf ate is not, suggesting that 
although the precipitation of barite may be attributed 
in part to a reduction in temperature and pressure it 
may also be due to a slight oxidation of the mineraliz­ 
ing solutions. The formation of oxidized (sulfate) 
minerals in deposits predominantly sulfidic has been 
discussed at some length in earlier papers and was con­ 
sidered in detail by Butler (1919, pp. 581-609). How­ 
ever, Butler's conclusions may not apply to this area; 
instead, the oxidation of barium sulfide may have been 
caused by the admixture of descending cool waters.

Calcite.—Calcite (CaCO3 ) is one of the widespread 
gangue minerals in the oxidized ore but is commonly 
not abundant. Dogtooth spar crystals (scalenohe-

FIGURE 70.—Baritic ore, showing a meshwork of barite blades (white) 
encrusted with galena (black) and smithsonite (light gray) X %• 
Continental Chief mine.
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FIGURE 71.—Barite blades disseminated in limestone. X %• Stope 
under head of incline, Continental Chief mine.

drons) are most abundant, with some rather sharp- 
pointed rhombohedrons. Efforts to correlate these 
crystal forms with different conditions of deposition 
failed because of the scarcity of well-terminated 
crystals. Commonly the calcite crystals are found in 
partly leached masses rich in limonite and manganese 
dioxide.

A late change in virtually all the porphyries is their 
impregnation and partial replacement by calcite. As 
might be expected, this change has especially affected 
the plagioclase feldspars.

Chalcedony and jasperiod.—Finely granular quartz 
and cryptocrystalline silica, comprising chalcedony and 
jasperoid, are alteration products of the groundmass 
of porphyries in or near some of the ore bodies. Silici- 
fication in the calcareous country rocks, especially near 
the top of the Leadville dolomite, has produced a rock 
resembling quartzite. The microscope reveals it to be 
a finely granular quartz-rich rock, containing some 
cryptocrystalline silica. Such alteration apparently 
antedated ore deposition slightly, for the ore is found 
to extend to the siliceous rock and there stop, or it 
encroaches into the silica on a small scale along tiny 
cracks. Excellent examples of this type of siliceous 
barrier against mineralization are seen in the Evelyn 
mine.

Dolomite.—Dolomite, (Mg-Ca)CO3, is a more com­ 
mon gangue mineral than calcite. It is most abundant 
in the "zebra rock," which is commonly, though not 
Invariably, found in the neighborhood of mineralized

masses. The forms most commonly seen are rhombo­ 
hedrons, which may be distinguished from those of 
calcite by the curved faces; the calcite effervesces freely 
in cold dilute acid whereas dolomite effervesces only if 
the mineral is powdered.

Epidote.—The presence of epidote (HCa2 (AlFe) 3 
Si3Oi3 ), especially as an alteration product of ferric 
or calcareous minerals, has been noted in the descrip­ 
tion of the porphyries. It is inconspicuous to the un­ 
aided eye, but is easily recognized under the microscope 
by its light-greenish color. Epidote is generally as­ 
sociated with either calcite or quartz or both. It may 
be regarded as either a deuteric or a hydrothermal min­ 
eral, the evidence resembling that presented by Singe- 
wald (1932, p. 23) in his discussion of secondary albite 
and associated minerals. Probably some of it is hydro- 
thermal and may properly be considered a gangue 
mineral.

Fluorite.—A few cubes of fluorite (CaF2 ) were found 
at the mine cabin in Millers adit (Prospect C-91); 
presumably they had been found underground in one 
of the local prospects. This is the only report of fluo­ 
rite from the Leadville district.

Gypsiim.—Several miners reported finding small 
gypsum (CaSO4-2H2O) crystals in the mines of Iowa 
Gulch, but the writer was not able to confirm its pres­ 
ence by personal observation. The occurrence of gyp­ 
sum in the oxidized zone in a region where the country 
rock is limestone and the ore minerals are sulfides, is 
not astonishing.

Kaolin or kaolin-like minerals.—Clay minerals are 
common in the "contact" bodies. Clays are extensively 
developed as gouge in fault zones, for example, along 
the Hellena fault. The clays are commonly iron-

FIGURE 72.—Oxidized manganosiderite (dark) in bladed crystals en­ 
crusting earlier carbonate (white). X %• Dump, First National 
shaft.
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stained, and some, as in the Nevada tunnel, contain 
noteworthy quantities of gold (pp. 62).

Manganosiderite.—Among the carbonates manga- 
nosiderite [ (Mn.Fe) CO3] indicates a higher tempera­ 
ture of formation than calcite or dolomite. It has been 
found in large amounts in ores at Leadville that 
clearly represent a more intense phase of mineralization 
than is characteristic of the marginal parts of the dis­ 
trict where manganosiderite occurs only in some of the 
mines east of the Mansfield shaft and north of the Hel- 
lena mine, notably the Julia-Fisk and the First Na­ 
tional (fig. 72); these mines are where temperatures 
during ore deposition may have been slightly higher 
than those in adjacent areas.

In the marginal districts around Leadville, crystal­ 
lized manganosiderite commonly occurs as pseudo-cubic 
rhombohedrons and as flat scalenohedrons. Both crys­ 
tal habits were observed in specimens from the First 
National and Julia-Fisk shafts but the flat scalenohe­ 
drons are somewhat more common and the surfaces of 
the normally white or light-gray mineral have been 
slightly oxidized and possess a coating of black, sooty 
manganese oxide. Large masses replacing the lime­ 
stones are common in the central part of the district.

Muscovite and sericites.—The difference between mus- 
covite [(HK2Al3 (SiO4)3)] and sericite is not chemical 
or mineralogic but genetic. Sericite is a white mica pro­ 
duced by replacement or dynamic metamorphism, and 
muscovite, which is chemically identical, is the primary 
mineral. According to this definition, the rocks of the 
Leadville district that have undergone alteration con­ 
tain sericite. The early White porphyry, as already de­ 
scribed (p. 43), contains a conspicuous amount of 
sericite, partly as replacement of orthoclase and plagio- 
clase phenocrysts, and partly as a felty aggregate in 
the groundmass. The optical properties of this mineral 
are those of sericite, but are also very much like those 
of paragonite (H2NaAl3 (SiO4) 3 ), and the two cannot be 
distinguished with certainty.' It is observed that the 
sericite replaces the feldspar phenocrysts selectively, 
attacking plagioclase more strongly than orthoclase. 
Although it is not clear to what extent the plagioclase 
has already been albitized, the strong attack of the 
sericite on the plagioclase feldspars suggests a prepon­ 
derance of potash in the earlier stages of the mineral­ 
izing solutions.

Quartz.—Quartz is the most widespread and the com­ 
monest of all of the gangue minerals. Though present 
in the deposits here regarded as epithermal, such as the 
"West Workings" of the Continental Chief mine, it is 
still more characteristic of mesothermal ores such as 
those of the Hellena mine. In the mesothermal ores 
the association of pyrite with quartz is very common; 
in the epithermal deposits the associated minerals are 
galena and sphalerite, and rarely barite. Quartz, chal­ 
cedony, and jasperoid are also found together in silici-

fied porphyries and sedimentary rocks, especially in the 
upper beds of the Leadville dolomite.

The forms most commonly observed are prisms, gen­ 
erally long and slender. They are especially well de­ 
veloped in vugs. Crustified veins are singularly rare 
and comb quartz is therefore inconspicuous. Where 
quartz replaces the country rock it occurs in densely 
packed anhedral grains. Quartz in this form occurs in 
the Leadville dolomite and in one type of altered early 
White porphyry. A similar form is not uncommon in 
some of the cerussite ore, yielding "hard carbonate," 
which may contain as much as 20 percent lead; such 
ore was produced in the Peerless Maude mine.

RhodocJirosite.—Rhodochrosite (MnCO3 ) is appar­ 
ently similar to manganosiderite in genesis but seems 
to form at somewhat lower temperature. It is 
readily distinguished from the white or light-gray 
manganosiderite by its pink color. Emmons, Irving 
and Loughlin (1927, p. 176) reported the presence of 
rhodochrosite in a few of the mines of the central Lead­ 
ville district, in the Mammoth mine in Evans Gulch, 
and in workings of the Ella Beeler and Clear Grit 
groups in Iowa Gulch (Singewald, 1932, p. 176). A 
discontinuous but well-marked vein of it was found 
in the Hellena workings on the third level. The larg­ 
est body of rhodochrosite lay in the gouge of the Hel­ 
lena fault, some distance away from the other vein min­ 
erals, so that its paragenetic relations could not be de­ 
termined. The fracture that it filled was crustified. 
Elsewhere a thin seam of it bordered an irregular vein- 
let of blende and pyrite (fig. 68), suggesting that the 
rhodochrosite antedated the sulfides. In the absence of 
distinct crustification, the possibility must be recog­ 
nized that the vein matter was torn from the wall of the 
fissure, and this marginal opening, formed subsequent 
to sulfide deposition, was then filled with rhodochrosite.

Rhodonite.—Rhodonite (MnSiO4) has been reported 
from only one mine, the Ella Beeler, where it is de­ 
scribed as having formed narrow parallel bands alter­ 
nating with other minerals (Emmons, Irving, and 
Loughlin, 1927, p. 173). The mineral is commonly 
formed at considerably higher temperatures than gen­ 
erally prevailed during mineralization.

Serpentine.—A small quantity of serpentine, mostly 
opaque white but ranging to very light gray, occurs in 
the upper working of the Altoona adit. Magnetite, 
which occurs in association with the serpentine of the 
Penn mine and the old Breece iron mine, is not present 
in the upper Altoona workings in the immediate neigh­ 
borhood of the altered dolomite (Emmons, Irving, and 
Loughlin, 1927, pp. 173-174). In prospects to the east 
and northeast of the Altoona adit, however, more highly 
silicified rock is associated with magnetite and cloudy 
aggregates of hematite.

Siderite.—Siderite (FeCO3 ) was not identified in any 
of the deposits in the marginal parts of the Leadville
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district. Mineralogically it closely resembles dolomite, 
manganosiderite, and ankerite; as dolomite is wide­ 
spread, siderite may possibly have been mistaken for it. 
Dolomitelike material (possibly ankerite) was found in 
the Hellena mine, stained yellowish-brown, as though it 
contained some ferrous iron which, upon oxidation and 
hydration, was converted to limonite. In this locality 
the mineral is not in contact with the sulfide ore, and 
hence its paragenetic relations could not be established.

FORMS OF ORE DEPOSITS

The ore deposits of the marginal parts of the Lead­ 
ville district resemble those in the central part, except 
that the irregular masses of the contact-metamorphic 
facies described by Emmons, Irving, and Loughlin 
(1927, p. 177) are missing. The marginal ore bodies 
occur in two dominant forms—replacements of the 
"blanket" type, and fissure fillings.

REPLACEMENT DEPOSITS OF THE BLANKET TYPE

Replacement deposits generally are parallel to the 
bedding and thus tend to be tabular ore bodies having 
two long and one short dimension; hence they are called 
"blankets." They are most common at the contact of 
different kinds of rocks—a limestone and quartzite, or 
a sedimentary rock and a porphyry sill. Because of 
this juxtaposition of two kinds of rock, deposits of this 
category are often called "contact" ore bodies; it should 
be noted, however, that the use of this term does not 
connote that one of the rock-types involved is igneous.

Blankets or "contact" ore bodies are commonly flat 
above, as though a rising solution had been impeded 
or "ponded" by an impermeable barrier. These de­ 
posits taper downward to a point in vertical section; 
commonly their lowest projections follow fissures that 
appear to be the channels along which the ore-forming 
solutions traveled. In dimensions they vary greatly; 
those of the marginal parts of the district are smaller 
both vertically and horizontally than those of the 
central part. Some of the individual stoped blankets 
in the Continental Chief mine were 200 by 50 ft in plan 
and 12 ft high; in the same mine the Ice Palace stope is 
220 by 105 ft in plan with a maximum height of 37 
ft. These are two of the largest stopes of the marginal 
districts around Leadville which were accessible at the 
time of the field work, but some of the stopes of the 
Hilltop mine were even larger. In the Continental 
Chief and Liddia mines the caprock is a dark-gray 
shale that lies between the Leadville dolomite and the 
sill of early White porphyry. In some of the smaller 
prospects south of the Mitchell Ranch the ponding 
body is a quartzite layer at the top of the Leadville 
dolomite. Rarely, the blanket is in the Manitou dolo­ 
mite, and in that position sills of Parting quartzite are 
the common ponding body. By far the most common 
caprock, however, is the sill of early White porphyry 
just above the Leadville dolomite.

FISSURE FILLINGS AND ASSOCIATED REPLACEMENT
VEINS

Typical fissure veins may be developed in any kind 
of rock, if only the fracture gapes enough to admit the 
ore. Such ore bodies vary greatly in their dimensions. 
Commonly a fissure vein is marked by discontinuous ore 
shoots following an unpredictable pattern that is de­ 
pendent on many factors. As is well known, the. walls 
of a fault having a zigzag pattern involving two dif­ 
ferent directions in ground plan or vertical section may, 
after movement has taken place, match closely where 
the course of the fault follows one direction but gape 
widely in the other. This condition yields alternate 
wide open stretches and narrow tight stretches; in such 
faults, the ore shoots are generally confined to the wide 
sections.

Fissure veins are not limited to faults of large dis­ 
placement. Indeed, at Leadville, wherever most faults 
of large displacement are of compressional orig: n and 
especially wherever they have relatively low dips, these 
fissures are generally the tightest and least productive 
of the premineral openings. On the contrary, related 
but smaller fissures are of greater economic importance. 
The relatively small number of low-angle reverse faults 
are of interest largely because their presence serves as 
a clue for favorable localities. Mineralization seems 
to be more extensive where the dip steepens on such 
veins.

Although vein deposits are typically fissure fillings, 
at least a moderate amount of replacement taker place 
at the borders of many fissures, even in the marginal 
districts around Leadville. There are good examples 
in the larger stopes of the Continental Chief mine. In 
the central Leadville district replacement fissures grade 
into replacement bodies of the blanket type. Such 
features are discussed in more detail below.

Dimensions of lodes in fissure and associated replace­ 
ment veins vary greatly. The Hellena vein has been 
mined from the Hellena shaft at mine levels to a depth 
of 800 ft, and for a distance of 600 ft along the strike 
of the vein in this mine alone. If it is an extenrion of 
the vein worked in the Green Mountain and Sunday 
mines, its horizontal dimension is at least 4,000 ft, but 
it is not uniformly mineralized. Mineralized ground 
is less extensive along the main Mosquito fault in the 
Best Friend and adjacent workings; there it is 1,000 to 
1,200 ft in length and has a known depth of abcnt 800 
ft. This size is more typical for the fissure veir s than 
is the great Hellena vein.

TRANSITIONAL FORMS

The "contact" or "blanket" deposits are believed to 
have been formed by solutions fed from below (pp. 109- 
110), so it is natural that the feeding fissure should end 
against any contact, at least locally. In many places 
the original channel has been obliterated by subs°.q,uent
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mineralization; where it has not, as in some of the mines 
of the central district, the original fissure can still be 
traced across the main blanket ore body. The vein 
differs mineralogically as well as structurally from the 
associated blanket, generally containing ore richer in 
precious metals, as though precipitation of these metals 
had been the last stage in fissure filling and had resulted 
from interaction between the precious-metal solutions 
and the base-metal sulfides making up the blanket. 
Such ore bodies are thus a combination of fissure filling 
and blanketlike replacements.

Many of the fissure veins are bordered by replace­ 
ment bodies of such extent that replacement rather 
than fissure filling was clearly the dominant mode of 
origin of the deposit. This is more particularly true 
if the rock traversed is a limestone or dolomite that is 
readily replaced. In such rock "selective replacement'' 
has commonly been operative, some beds having been 
extensively replaced whereas beds above and below were 
less so. The vein then is bordered on one or both sides 
by small blankets at one or several horizons, but com­ 
monly the extent of a steeply inclined tabular ore body 
is along the vein itself. (See Continental Chief mine, 
p. 136, figs. 86, 87.)

In many ore bodies the longest dimension is clearly 
outlined by the vein, but the width and thickness differ 
with the degree to which wallrock has been replaced. 
For example, the main ore body of the Hilltop mine 
was stoped almost continuously for a distance of 1,450 
ft; but it averages only 30 ft in width and thus was 
obviously determined by a fissure. The width of the fis­ 
sure, however, is not regular; the fissure was swollen 
here and contracted there. Moreover, the upper sur­ 
face of the deposit, like that of most "contact1 '1 deposits, 
was capped by a sill of early White porphyry or a basal 
quartzite bed of the Weber (?) formation. The ore 
body was thus intermediate between a true "contact" 
deposit and a fissure vein. Several of the smaller mines 
also exhibit this pattern in their stopes.

TEXTURE AND FINER STRUCTURE

In a general way a primary ore in the marginal parts 
of the Leadville district may be classified under one of 
five heads: (1) densely granular replacement ores, (2) 
lean replacement ores, (3) coarsely crystalline replace­ 
ment ores, (4) breccia ores, and (5) cr-ustified fissure 
ores.

Densely granular ores contain sulfides in most con­ 
centrated form. These ores occur in rich replacement 
bodies and in vein fillings. A conspicuous mineral in 
ores of this type is pyrite, but dark-colored blende, and 
finely granular but cubical galena are also present. The 
average grain diameter is only about % 5 in. (1 mm), 
and the minerals are so closely interlocked, and even 
intergrown, that fine grinding would be necessary to 
obtain zinc and lead concentrates from this type of ore.

Some of the sphalerite grains enclose minute blebs and 
grains of chalcopyrite too small in size and quantity to 
be separated. Finely granular quartz may be present 
in large percentages and greatly dilute the sulfides.

Most lean replacement ores are not generally worked. 
They are well represented in some of the lower levels 
of the Ibex mine, where sphalerite has replaced shale of 
the Peerless formation. Commonly ores of this type 
contain a larger proportion of zinc blende, in compari­ 
son with the other sulfides present, than do the densely 
granular ores. The grains of blende are disseminated 
through the rock in small, irregular masse? and in sep­ 
arate crystals averaging about i/io in. (2.5 mm). Lean 
replacement ores tend to be monomineralic: pyrite 
tends to occur in the Parting quartzite or in Cambrian 
sandstone, the blende or galena in the various lime­ 
stones. Ores of this kind require less crushing in order 
to free the desired sulfides and are generally amen­ 
able to tabling (or other forms of gravity separation, 
as distinguished from flotation) because intergrowths 
between minerals are less intimate.

Coarsely crystalline replacement ores are character­ 
ized by bladed barite, galena, and zinc blende, and 
rarely pyrite. Mineral grains are all fairly large, with 
minimum sizes for the sulfides of approximately 0.5 in. 
(12.5 mm) in most localities; these figures do not apply, 
however, to the oxidized minerals derived from the 
primary ores. Intergrowth is negligible and gravity 
separation without fine crushing is possible for much 
of the ore. Such ore occurs only in limestone or 
dolomite.

Typical breccia ore occurs in the Hellena fault in the 
Hellena mine. Fragments of the country rock are em­ 
bedded in dense, finely crystalline ore composed of in­ 
timately intergrown lead and zinc sulfides- and rich in 
pyrite (fig. 73). Many cubes of galena in the Hellena 
ore are almost 1 in. (25 mm) in diameter, but most 
of the sulfide grains are much smaller. Pyrite and

FIGURE 73.—Breccia ore from Hellena vein. X %• From 4th level, 
Ilellena mine. Fragments are altered porphyry eniledded in mixed 
sulfldes.
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zinc blende may be present in large proportions. Mill­ 
ing is made difficult by the fineness and intergrowth 
of the sulfide grains, and by the abundance of quartz. 

Crustified fissure ore consists of quartz, dolomite, 
rhodochrosite, and other gangue minerals, associated 
with any of the three common base-metal sulfides. 
Commonly, the veins are so small that selective stoping 
or underground cobbing cannot be applied to eliminate 
the waste before hoisting. Most fissure veins at Lead- 
ville are bordered by noteworthy replacement zones 
across which the ore becomes more pyritic and fine­ 
grained; beyond this rather densely pyritic zone the 
sulfide content becomes progressively less and finally 
disappears. Such ores commonly have the highest con­ 
tent of precious metals, and generally also of copper, 
in or very close to the fissure vein.

ORIGIN OF THE PRIMARY ORE

Emmons, Irving and Loughlin (1927, pp. 209-219) 
presented a careful outline of the origin of the ore. 
They discussed the deposits in the outlying areas to 
the extent warranted by the scant evidence available 
to them. The present report considers the origin of 
these outlying deposits more thoroughly, and sum­ 
marizes the discussion of these earlier authors.

In Professional Paper 148 (Emmons, Irving, and 
Loughlin, 1927, pp. 562-584) Emmons modified his 
views concerning the source and direction of movement 
of the mineralizing solutions. As a result of his earli­ 
est work at Leadville, Emmons thought that the ores 
are essentially the products of lateral secretion—that 
they were dissolved by circulating (probably descend­ 
ing) waters from the adjacent country-rocks, especially 
the porphyries, and deposited at favorable places. 
Emmons maintained (1) that the primary ores were 
chiefly sulfides, (2) that they were formed mainly by 
replacement of the country rock, rather than by cavity 
filling, and (3) that they were derived, at least in large 
part, from the adjacent porphyries. This theory was 
based 011 (1) the finding of at least minute quantities 
of the elements and minerals making up the ore and 
gangue in virtually all the rocks of the region (suggest­ 
ing that these rocks might have been the source of the 
ore) ; (2) the absence of evidence (for lack of deeper 
workings) that the ore extended to great depths or ap­ 
peared especially along channels that might be pre­ 
sumed to extend very deeply (an observation that 
seemed to favor a connection of ore genesis with near- 
surface agencies) ; and (3) the great extent of "con­ 
tact"" ore bodies, resulting in an overemphasis upon 
their genetic significance and a failure to recognize the 
importance of veins or ore channels along which the ore 
minerals were transmitted to the "contacts."

Later studies led Emmons and Irving to a complete 
change from the earlier ideas. The account given in 
Professional Paper 148, a further revision by Loughlin,

is thus in full accord with the modern concepts of the 
genesis of ores of this general type. According to 
these ideas, the ore-forming solutions moved outward, 
in part perhaps from local deeper centers, but chiefly 
from the Breece Hill plug (now recognized as com­ 
posed of Johnson Gulch porphyry, the latest IT ember 
of the Gray porphyry group). Temperaturep were 
high, and solutions or gaseous emanations were active 
in this plug and immediately adjacent to it. Here were 
deposited the ores formed under contact-metaniorphic 
conditions, or at least at temperatures high in the 
ranges within which veins and replacements form. Far­ 
ther out from the plug, the temperatures of tl °s ore- 
forming solutions were lower, and in this region the 
higher ranges of mesothermal (moderate temperature) 
conditions prevailed. The ores here were sulfides, 
sulfo-salts, and certain high-temperature carbonates, in 
particular manganosiderite. Locally, where the frac­ 
tures remained open to especially great deptl ^ the 
solutions had relatively easy and rapid passage from 
the depths where they originated to the zone of deposi­ 
tion. In such open channels the gradient for a given 
length of channelway was less abrupt and conditions of 
deposition approximated those nearer the Breece Hill 
plug, despite greater distance from, the source of the 
solution. Trunk channels of this deep type were in 
the broken ground along reverse faults, such as the 
Tucson-Maid, and some of the normal faults, such as 
those of the Garbutt and Winnie-Luema systems. 
Structural features still further modifying thi? rela­ 
tively simple pattern are discussed on page 107.

Still farther away from places where the high meso­ 
thermal conditions prevailed, the solutions had been 
cooled even more and typical mesothermal ores were de­ 
posited; this is the stage represented in Iowa Gulch 
near the Helleiia, Lillian, Ella Beeler, Mansfield, and 
Rex properties, and also along the northern edge of the 
area mapped—north and east of the Chicago Boy prop­ 
erty, and in the floor of Evans Amphitheater.

At still greater distances from the Breece Hill center 
the ore and gangue minerals are those characteristic 
of epithermal (low-temperature) conditions, as recog­ 
nized today by geologists. The solutions yielded de­ 
posits of lead, zinc, and iron sulfides, with silver (prob­ 
ably in the form of primary argentite and possibly of 
native silver) with a gangue of carbonates and barite.

At distances ranging from 3 to 10 miles from Breece 
Hill, ores of the coolest or telethermal zone are present, 
such as those of the Ruby mine at Weston Pass and sev­ 
eral prospects west of Empire Hill. In these ore? silver 
content is relatively low, pyrite is rare, and barite is 
lacking.

The relatively open channels mentioned, notably 
along the Tucson-Maid fault, resulted in the deposition 
of certain minerals farther from the source than might 
have been expected. Although the temperatures in-
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dicated are not generally as high and the mineraliza­ 
tion not as intense as along the Tucson-Maid fault, a 
similar effect was produced around the intrusive plug 
near the Mansfield and Rex shafts, and it may be in­ 
ferred that this small plug is related to a local center 
of rather intense mineralization from which the ores 
of the First National, Julia-Fisk, Hellena, Lillian, and 
Rex mines were derived. Thus, at least two probable 
centers of high-temperature mineralization are recog­ 
nized in the Leadville district, and the picture becomes 
more complicated than the idealized picture of the 
regularly circular and concentric zoning.

The zoning pattern seems to point to sources of min­ 
eralization geographically near and probably beneath 
the large Breece Hill plug and the smaller plug near the 
Mansfield mine; possibly, also, to a third source beneath 
the general area of the First National mine (pp. 144- 
145). This idea—that the ore-depositing solutions at 
Leadville rose from deep sources from which the in- 
trusives of the Gray porphyry group were also de­ 
rived—was first urged by Blow (1890, pp. 173-181) as 
the result of careful analysis of the facts observed in the 
Iron Hill area; it was accepted in large part by Enimoiis 
and Irving (1907, pp. 60-72), then engaged in a re- 
study of the district.

The studies here reported have demonstrated an age 
sequence for the intrusives of the Gray porphyry group, 
in which the latest is the Johnson Gulch porphyry. 
This porphyry is the only one among the Gray por­ 
phyry group that appears largely as dikes, and is also 
the type constituting the two stocks mentioned above. 
Advance toward the surface by stocks of fair-sized 
horizontal cross-section involves considerable upthrust- 
ing and probably some stoping and assimilation of the 
country rock (Barrell, 1907, pp. 152, 156-157). This 
statement is not intended to face the much-discussed 
question whether the quantity of assimilated material 
is sufficient to change the composition of the intruding 
magma, as some have maintained (Grout, 1932, pp. 224- 
230), but merely to accept the most reasonable solu­ 
tion of the mechanical problem of making room for the 
advancing magma. Transgressive porphyry stocks of 
the Johnson Gulch type are manifestly more directly 
connected with deep magma reservoirs than the sills, 
which form so much more conspicuous a part of the 
total of the "Laramide" intrusions. Moreover, the 
stocks and dikes were intruded at a time much closer 
to that of ore deposition than the sills. The mineral­ 
izing solutions are believed to have been derived at 
depth from the same source as the Johnson Gulch 
porphyry.

The physical and chemical nature of the solutions 
from which the ores were deposited is of interest. The 
exact temperature of the solutions cannot be ascer­ 
tained, but may be inferred from two lines of evidence. 
The temperatures of deposition of mineralogically sim­

ilar ores may with reason be assumed as having the 
same general range. By an ingenious method, New- 
house (1933, p. 748) has shown that the lead-zinc-car­ 
bonate or lead-zinc-barite veins of Henry County, Ken­ 
tucky, were formed at 70°-95° C.; those of the similar 
lead-zinc deposits of southwestern Wisconsin at 80°- 
105° C.; and those of the lead-zinc-carHnate-barite 
deposits of the Joplin district, in Missouri, at about 
90°-135° C. The similar epithermal ores of the Lead­ 
ville district were probably formed at temperatures 
of the same range.

Criteria for inferring the chemical nature of the min­ 
eralizing solutions are far better than thore suggesting 
temperature of deposition. Questions regarding the 
chemistry of these solutions have long b^en debated. 
Bowen (1933, p. 119) argues for the presence in pre­ 
dominant quantities of HC1, HF, H2S, CO2, H3BO3, 
H2 SO4 and other acids or their related ions, together 
with those bases that form volatile compounds with the 
acids mentioned. These views are confirmed by obser­ 
vations made at volcanoes by Zies (1929, pp. 4-5), by 
Georgalas, Liatsikas, and Reck (1936, pp. 78-79), and 
by others and by theoretical reasoning developed by 
Niggli (1929, pp! 14-27), Fenner (1933, pp. 77-80, 83- 
84), Bowen (1933, pp. 119-120, 124-127), and Ross 
(1928, pp. 880-881, 885). However, most traces of the 
strongly acid elements disappear after ore deposition, 
and they are not well represented in the minerals of 
the veins and replacement deposits with the exception 
of fluorite and barite; this is largely because many of 
the acid ions, such as chlorine and its relatives, react 
with the country rock, forming, for example, soluble 
chlorides, such as CaCl2, which are carried far from 
the sites of ore deposition. The only available direct 
evidence for the former presence of halogens is offered 
by inclusions in the minerals themselves.

Newhouse (1932, pp. 430-431) was abb to analyze 
the inclusions in galena and sphalerite from several 
districts, among them Leadville. The galena from 
Leadville, like that of the other districts studied, con­ 
tains inclusions that carry the elements sodium, cal­ 
cium, and chlorine, in strong concentrations. These 
inclusions are thought to represent remnants of the 
original solutions, caught by the sulfides as they were 
precipitated and crystallized, and clearly suggest that 
the mineralizing solutions were rich in chlorine and 
possibly also sodium. The calcium is probably best 
attributed to the action of the solvents on the lime­ 
stone. In this process the chlorine itself may have 
been the solvent, or an agent acting to retain the salts 
of the metals in solution (presumably as sulfides) much 
as hydrochloric acid is used to increase the solubilities 
of certain metallic sulfides in chemical aralysis.

Thus, both theory and observation indicate that the 
mineralizing solutions carried acid ions and the metals 
now present in the ores (especially lead, zinc, iron, and
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copper), whereas prominent acid radicals were the 
chloride and sulfide ions. Whatever their exact com­ 
position, the temperatures of the mineralizing solutions 
that formed the ores in the marginal parts of the dis­ 
trict were too low to permit volatilization of the chief 
acid constituents at the pressures then existing; hence 
the solutions were liquid and aqueous, and the ore 
minerals were not deposited by mere loss of acid gases 
from solution. These solutions rose along fractures 
leading from cupolas or plugs connected with one or 
several igneous sources. The fractures were thrust 
faults, steeply dipping reverse faults, and premineral 
normal faults. In places where the faults were "tight" 
and did not serve as effective channels, the adjacent 
shattered zones or accessory tension fissures furnished 
channelways essentially parallel to the major faults 
themselves. Some movement of the solutions took 
place along bedding planes, especially where these 
planes permitted flow in an upward direction, toward 
places of lower pressure.

The solutions tended to lose their less soluble constit­ 
uents as they moved laterally and upward, and came 
into contact with cooler rock farther from the source 
cupola or plugs and nearer the surface. However, this 
tendency to precipitate was not due solely to reduction 
of temperature. The abundant dolomitic limestones of 
the region and descending ground water, rich in cal­ 
cium and magnesium bicarbonates dissolved from the 
country rock, reacted with the acids in the solutions. 
These reactions had the effect of dissolving the lime­ 
stones and at the same time neutralizing the high 
acidity upon which the solubility of the metallic sul- 
fides probably depended. The relatively insoluble sul- 
fides were then deposited along the channelways (form­ 
ing the fissure veins) or in the minute openings pro­ 
duced by solution of the limestone (forming replace­ 
ment bodies which at Leadville take the form of 
"blankets" or "contact" deposits).

That deposition is largely a chemical process result­ 
ing from such reactions is amply demonstrated by the 
following fact: many of the noteworthy ore bodies at 
Leadville are developed only where a feeding fissure 
crosses soluble limestone beds. This seems to show not 
merely that the solution served to attack and corrode 
the country rock, but also that both the solution and 
the country rock were generally essential to the reac­ 
tion that resulted in the precipitation of the metallic 
sulfides. If the action of the solution had been purely 
corrosive and precipitative, not all of the openings de­ 
veloped would have become filled with minerals as they 
are now. In order to account for the present lack of 
unoccupied openings it must be assumed that solution 
and deposition took place essentially simultaneously 
and were parts of a single process.

One more kind of evidence as to the nature of min­ 
eralizing solutions is available. It has been pointed

out by Singewald (1932, pp. 27-29) that the distinc­ 
tion between deuteric changes, produced during th^ con­ 
solidation of the intrusive porphyries within the por­ 
phyries themselves, and hydrothermal alteration is not 
readily made. In the alteration of the porphyries, 
albitization generally took place during an early stage 
of alteration, especially in the early White porphyry; 
silicification and sericitization were more conspicuous, 
later changes. The preponderance of sericitization 
over albitization suggests that the hydrothermal solu­ 
tions gradually changed in composition, with a rela­ 
tively high concentration of potassium during the, later 
stages of the process. The alteration of calcic, sodic, 
and purely silicic minerals by the substitution of potas­ 
sium must have increased the amount of calcium, 
sodium, and silicon in the solutions. To the extent that 
silica was liberated, this process increased the acidity 
of the solution and its ability to deposit quartz.

A striking feature of the mineral deposits is tl e ab­ 
sence of extensive replacement bodies of quartz and 
other forms of silica in immediate association with 
the sulfides of the lower-temperature facies. The fill­ 
ing of fissures with quartz and sulfides was common, 
but the processes of silicification by replacement and the 
deposition of sulfide ores generally appear to have been 
mutually exclusive; jasperoid forms the margins of 
many ore shoots but usually contains only negligible 
quantities of metal. Gold and silver, however, may 
be present in silicified country rock. Lead and zinc ores 
are lacking in highly silicified rock except for deposits 
of silica and oxidized lead as in the so-called "hard 
carbonate" found at the Peerless Maude mine. Em- 
mons, Irving, and Loughlin (1927, pp. 224, 229) 
ascribed the "hard" character of this oxidized ore to 
the original presence of large amounts—approximately 
25 to 40 percent—of silica in the primary lead ore. 
Most of this silica appears to have been jasperoid and 
supports the theory that the original sulfide ore was 
deposited at relatively low temperatures.

Carbonates are conspicuous gaiague minerals, de­ 
spite evidence that the solutions were moderately acid. 
Among the acid ions listed by Bowen (1933, p. 119), 
CO3= and Cl~ are present in large quantity in mineraliz­ 
ing solutions of the type here discussed. The alkalies, 
K and Na, are believed to have been present, as sug­ 
gested above, whereas the alkaline earths, Ca and Mg, 
if present, were not conspicuous. Under these condi­ 
tions the calcareous and dolomitic country rock should 
have been dissolved in the form of the bicarbonates, 
aided by the excess acid. Carbonates of the alkaline 
earths could be dissolved from lower horizons by rising 
hot solutions containing either acids or alkaline cs.rbon- 
ates, as suggested by Hewett (1931, p. 67), Loughlin 
and Behre (1934, pp. 252-253), and others. There is 
strong evidence of this origin for the crystalline dolo­ 
mite and rarer calcite found as gangue in the veins,
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and probably also for the small quantities of siderite 
and manganosiderite in the outlying deposits. Al­ 
though the carbonate radical may have been derived 
from the mineralizing solutions, at least the positively 
charged ions in the carbonate minerals (Ca, Mg, Fe, 
and Mn) probably came in large part from the country 
rock. This is suggested by the moderately close agree­ 
ment in composition between country rock and gangue 
minerals in the outlying areas. Thus, siderite and 
quartz are most abundant where the country rocks are 
ancient siliceous schists and granites, and quartz un­ 
accompanied by carbonates is abundant where quartz- 
ites and sandstones preponderate. In dolomites and 
limestones dolomite and calcite are the chief gangue 
minerals.

The characteristic association of barite, galena, and 
sphalerite in the epithermal zone as here described 
merits at least a tentative explanation. One deposit 
of this facies occurs at such great distance from the 
Breece Hill plug as to nullify any appreciable increase 
in temperature assignable to the Breece Hill intrusion 
itself. The depth of barite-galena-sphalerite ores be­ 
low the surface at the time of formation is estimated 
at not more than 3,000 feet, where, probably, the tem­ 
perature was not more than 30° C. higher than at the 
surface—too little to change appreciably the solubilities 
of the minerals mentioned. The mineralizing solutions 
may be assumed to have contained PbCl2, ZiiCl2, and 
BaCl2, with an excess of negatively charged sulfur ions. 
As it approached the surface, the solution would cool 
and thus tend to deposit at least the sulfides, and there 
would probably be continuous reaction of chloride ions 
with the carbonate country-rocks and with descending 
solutions rich in Mg, Ca, and CO2 ; this condition in 
turn would increase the deposition of PbS and ZnS 
through neutralization of chloride ions. Moreover, 
oxidation by descending waters would tend to convert 
the sulfides to sulf ates, and in this process barium sul- 
fide would be the first of the metallic sulfides to oxidize, 
because of its higher potentiality as indicated by its 
position in the electromotive series. The barium sul- 
fide that was not oxidized in this way moved to higher 
horizons. The fact that it antedated the precipitation 
of the base-metal sulfides constitutes ample proof that 
the solutions were not sufficiently cooled and neutralized 
to precipitate galena and sphalerite until after the early 
oxidation of the barium sulfide. Thus was developed 
the association characteristic of the epithermal facies 
in the Leadville district.

FACTORS IN THE LOCALIZATION OF QBE

The geologic study of the outlying parts of the Lead­ 
ville district had two principal purposes—to aid the 
individual mine operator to develop ore already dis­ 
covered on his property, and to help find new ore de­ 
posits by revealing areas that merit exploration. De­

tailed descriptions of the mines given in a later section 
of this report should further the first objective; a dis­ 
cussion of the factors localizing the ore deposits should 
contribute toward the second. The following discus­ 
sion deals in general terms with causes for localization 
of the ores.

Three factors appear to be of paramour t importance 
in ore localization: large structures, such as folds and 
faults that directed the flow of solutions, the nearness 
of intrusive rocks (that served as source? or ponding 
agents for the solutions), and the permeability, solu­ 
bility, and other pertinent properties of the particular 
country rock in which the ore was deposited.

STRUCTURAL FEATURES 

FOLDS

Ore deposition in the Alma district was favored by 
an anticline, at least in the Mount Lincoln area (Singe- 
wald and Butler, 1933, p. 106; Loughlin, Butler, Bur- 
bank, Behre, and Singewald, 1936, pp. 439, 440), but 
in the Leadville district folds (other than small 
wrinkles caused by drag along faults) do not appear to 
have had any appreciable influence in the localizing of 
mineralization. Certain apparent exceptions prove, on 
closer examination, to conform to the rule. Ore in 
small quantities was found widely distributed in the 
western limb of the broad syncline extending approxi­ 
mately due south from the Mitchell Ranch, but it was 
localized along bedding faults. Some mineralization 
also took place in the western limb of the Empire syn­ 
cline, but here too it is chiefly localized on eastward- 
trending faults. Ore occurs on the northern slope of 
Upper Long and Derry Hill, in what has been described 
as the Long and Derry syncline, but localization of 
mineralization here appears to have been due more to 
the local faulting than to folding. Much the same cir­ 
cumstance applies to the conspicuous ore deposits in the 
eastward-dipping monocline east of th°s Pilot-Mike 
fault complex, as exposed on the southern slope of 
Printer Boy Hill and on the northern slope of Long 
and Derry Hill, but without exception the ore bodies 
there are either in fault fissures or in blankets leading 
out from these fissures.

Two general observations may be made regarding the 
relations between folds and ore deposits throughout the 
Leadville district. One of these is the fr,ct that coun­ 
try rocks of pre-Cambrian age are not favorable for 
mineralization. With the present degree of dissection, 
prominent anticlines are likely to bring pre-Cambrian 
rocks either to or near the surface, with a corresponding 
erosional thinning of the overlying favorable sedimen­ 
tary rocks; hence anticlines are largely barren in the 
marginal, less mineralized parts of the Leadville dis­ 
trict. This condition probably explains why as much 
ore occurs in association with synclines as with anti­ 
clines at Leadville, despite the expectation, for theoreti-
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cal reasons (Newhouse, 1931, pp. 241-245), of the 
contrary.

The second general observation is related to the fact 
that most of the folds are actually drag-folds along the 
larger faults. Whether such faults were preceded by 
the folds or caused them is a matter of conjecture but, 
as the faults are generally the chief sites of mineraliza­ 
tion, the ore deposits are best discussed as related to 
them.

FISSURES AND FAULTS

In general, large bodies of ore are not found between 
the walls of the faults having the largest displacement. 
The South Dyer, Weston, Ball Mountain, Iowa Gulch, 
and Mike faults which are of premineral age, at least 
in part, and which have large throws, are generally 
barren. The Liddia and Mosquito faults contain small 
amounts of ore, and only the Sunday and Hellena veins 
among the larger fractures are extensively mineralized.

Considerable difference of opinion exists as to which 
of the major faults truly antedated mineralization. 
Some of the faults hitherto regarded as postmineral 
(Emmons, Irving, and Loughlin, 1927, pi. 39) are now 
known to be premineral, although they have also been 
subjected to postmineral movement. Conspicuous 
among them is the Mosquito fault, but the South Dyer 
fault also was regarded, at least in part, as of post- 
mineral age. No evidence was recognized that proved 
the South Dyer fault to be postmineral, but in the Mos­ 
quito fault ore minerals have been found to be slicken- 
sided, and this fact has been cited to prove that deposi­ 
tion took place before the fracture was first opened. In 
this connection it should be recalled that ore deposition 
rarely heals a rock fracture completely and that both 
sulfides and quartz are conspicuously brittle. Faults 
are commonly the sites of renewed movement and at 
Leadville many striations on fault surfaces cross one 
another, proving repeated movements. In the Hel­ 
lena mine, evidence was found that is interpreted as 
indicating oppositely directed motion along the minor 
fault east of the shaft that contains a shale "dike" (pp. 
64, 140). Both in the present study (p. 76) and as re­ 
ported in Professional Paper 148 (Emmons, Irving, 
and Loughlin, 1927, pp. 77-79), the Weston fault was 
found to have a reversal of downthrow in different parts 
of its course, indicating two periods of displacement, 
the later directed oppositely to the earlier one. A sim­ 
ilar explanation would reconcile also the disagreement 
in the interpretations of the Mosquito fault, described 
as postmineral in Professional Paper 148 (Emmons, 
Irving, and Loughlin, 1927, pp. 80-81), but as possibly 
premineral as well by Butler and Vanderwilt (Butler 
and Vanderwilt, 1931, pp. 332-334) and by the present 
author. In short, a premineral fracture, once opened, 
remains a plane of weakness even if cemented with ore. 
If the region is subjected to renewed stresses, such a 
fissure is very likely to be reopened after partial or

complete cementation by ore. This process of recur­ 
rent opening and shattering probably accounts for the 
larger ore bodies found in some premineral reverse 
faults, such as that along the Hellena fault in the Hel­ 
lena mine. As a consequence ore bodies may occnr even 
in major faults.

More favorable places for mineralization, however, 
are the minor fractures that are either parallel or ac­ 
cessory to the major ones. Because of their great dis­ 
placements and lengths, the master faults are presumed 
to be more continuous and to extend to the great depths 
from which the mineralizing solutions came. The ac­ 
cessory or parallel faults, however, contribute an ir­ 
regular and discontinuously shattered zone bordering 
the larger planes of movement. Along such zones the 
mineralizing solutions can easily rise, even though the 
main fault itself is closed by gouge or has its opposite 
walls too tightly pressed against each other to s^rve as 
a channelway. This relationship between the major 
breaks and the more open accessory fractures probably 
accounts for the mineralization in fissures such as those 
near the Mosquito fault developed by the Best Friend, 
Dixie, and Kemble mines in Evans Amphitheater. The 
numerous ore bodies mined in Iowa Gulch east of the 
Mike-Pilot fault complex on the slopes of Long and 
Derry and Printer Boy Hills are further examples of 
the same sort.

Intense mineralization, such as that of the central 
Leadville district, yielded workable deposits even in 
slightly fissured ground. On the other hand, where 
the mineralizing solutions appear to have been farther 
from their source, less active, and less concentrated (as 
in the marginal parts of the Leadville district), they 
yielded ore in workable quantity only where the ground 
was considerably fractured. Examples are the inter­ 
mediate stopes of the Continental Chief mine, where 
the Leadville dolomite is greatly shattered by sub- 
parallel fractures, and the deposits on the southern 
slope of Printer Boy Hill east of the Mike-Pilot fault 
complex.

A favorable locality for ore deposition is where fis­ 
sures pass from one kind of rock to another; for ex­ 
ample, in the northern head of Iowa Amphitheater, 
small fissures that extend from the Leadville dolomite 
to the overlying shale of the Weber (?) formation or 
early White porphyry sill generally contain ore below 
the contact. A decrease in permeability or brittleness 
from below upward appears to have localized tl °, ore. 
Repeated observations have shown that dolomite shat­ 
ters more easily and recrystallizes with greater diffi­ 
culty when under stress than does limestone, a fact 
which may explain, at least in part, the well-known 
association of ore bodies with dolomite, rather than 
limestone in many districts (Hewett, 1931, pp. 2°-31).

The nature of the fractures is significant in another 
connection. In many places where the shattering is
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moderately intense, individual fractures are vertically 
short and stop after having crossed only one or two 
narrow beds, thus limiting the vertical extent of min­ 
eralization. The vertical extent or continuity of the 
fractures varies greatly with the kind of rock. Even 
within a series of dolomite layers, some beds are broken 
by short, discontinuous joints, whereas others are 
crossed by fissures that afford excellent channels for 
ore-forming solutions to pass continuously from bed 
to bed. This difference seems to be due in part to 
differences in the size of particles and the degree to 
which they interlock: the more closely spaced and finer 
the particles (or, as it is usually put, the more dense 
the texture) the less continuous the fractures. This 
contrast is well shown at the foot of the incline in the 
Continental Chief mine, where the fissures are con­ 
spicuously discontinuous in a dense, equigranular dolo­ 
mite, though the next higher and more coarsely gran­ 
ular beds are broken by regular, continuous fissures.

A second factor in the continuity of the fractures is 
the continuity or thickness of shale partings between 
the beds of dolomitic limestone. In parts of the Dyer 
and in the lower part of Leadville dolomite, calcareous 
beds are separated by thin shaly members; each 
stratum when put under stress separates from its neigh­ 
bor and the rock becomes broken by joints, fissures, or 
small faults which stop at the partings. In such rock, 
mineralizing solutions cease their flow at the partings 
or they follow tortuous zigzag paths upward, losing 
their mineralizing action at relatively deeper levels 
than would be the case if the channelway were a single, 
more nearly vertical fracture.

That deposition is likely to be richer at intersections 
of fissures, has been demonstrated in many mining dis­ 
tricts. In the marginal deposits at Leadville such 
structures generally consist of a well-defined, essentially 
continuous major fissure, intersected by minor ones 
(feather fractures). The acute angles where the two 
intersect are promising areas of replacement, presum­ 
ably because the mineralizing solutions attacked the 
rock in the acute angle more strongly and found a 
smaller volume here that needed to be removed; more­ 
over, the wedge in the acute angle was doubtless ren­ 
dered more permeable by many minute cracks. An 
excellent example is seen in the Hilltop mine at the 
intersection of the northwest-trending fissure that

o

yielded the Lind stope with the main fissure on which 
the Leavick drift and corresponding stopes were driven 
(p. 154, fig. 98).

No discussion of the relation between ore deposition 
and fissuring would be complete that did not take into 
account the extensive bedding-plane faults that per­ 
mitted mineralization to extend laterally parallel to 
gently dipping beds for appreciable distances from 
steeply dipping trunk channels. The slippage of beds 
upon one another has a beneficial effect in producing

openings that may be followed by mineralization 
(Behre, 1937, pp. 512-529). Though difficultly recog­ 
nizable, such planes of movement prove tHir true na­ 
ture as faults by passing vertically into typical normal 
or reverse faults that cut the bedding. In the Conti­ 
nental Chief mine small faults of this type pass upward 
with essentially vertical dips through th<?, uppermost 
beds of the Leadville dolomite, but curv°> sharply as 
they rise to the base of the overlying black shale of the 
Weber (?) formation and disappear into the parting 
plane separating shale above from dolomite below; 
the contact between dolomite and shale is locally 
slickensided. The Bowden fault, observed in the Ibex 
mine and described on page 80, rises across the steeply 
dipping beds in the northeast limb of a syncline but 
passes into the bedding as it crosses the axis and enters 
the gently dipping southwest limb. In tin Greenback- 
Mikado workings a branch of the Tucson-Maid thrust 
can be followed upward along a thick gouge and breccia 
zone to a level where it gradually curves and passes into 
a bedding plane. Such faults serve as channelways to 
mineralizing solutions because of their openings along 
the planes of bedding, and they also induce the forma­ 
tion of accessory faults and fissures along which gash 
veins may be formed. Despite considerable "healing," 
there is much evidence that the feeding fissures of some 
of the larger blankets are bedding-plane fractures or 
faults.

Where veins of late mineralization cros? replacement 
ore bodies a striking relationship exists as to relative 
richness: the replacement deposit (frequently a 
blanket) commonly consists of sphalerite-chalcopyrite- 
galena ore of only moderate grade, whereas the inter­ 
secting fissure is far richer, with an especially high con­ 
tent of gold and silver. In such examples the facts ad­ 
mit two possible interpretations. The ore may all have 
arisen from trunk veins, mineralization spreading lat­ 
erally to yield the blankets and, at a late but grada- 
tional stage, depositing the richer ore thrt borders and 
fills the vein channel. Alternatively th<?,re may have 
been the following sequence of events: (1) the forma­ 
tion of the blanket by replacement, (2) shattering, and 
(3) deposition of the richer ores, the precious metals 
having apparently been precipitated by reaction be­ 
tween the base-metal sulfides and late rising solutions, 
or a similar relation could result from enrichment of 
the veins by descending meteoric water. Emmons, 
Irving and Loughlin (1927, pp. 184, P06-207) cited 
examples favoring the first of these interpretations. 
One of the most striking deposits is that in the Golden 
Eagle workings, where both blankets and veins were 
formed during one period. Studies of Swaiison's stope 
in the Ibex mine (pp. 167-169) show thr,t the vein and 
blanket ores are contemporaneous, but he^e too the vein 
and blanket differ somewhat in composition; the vein is 
richer in copper and in gold despite the absence of any
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evidence of secondary enrichment, whereas the blanket 
contains a far higher proportion of zinc to other metals.

The trend of the ore-bearing fissures is fairly constant 
locally. In general, both premineral and postmineral 
fractures strike N. 0°-30° E. A few of the major 
faults (the Mike, Weston, and Ball Mountain faults) 
strike north-northwest, but most smaller mineralized 
fractures have strikes between the limits indicated. 
There are, however, some conspicuous exceptions. At 
the Continental Chief mine, in the head of Iowa Amphi­ 
theater, the strikes of 77 premineral fissures average 
N. 40° E.; of 77 observed fissure strikes, only 10 are in 
the northwest quadrant of the azimuth circle (fig. 82). 
Farther south along the western slope of Mount Sher- 
man the direction is more nearly N. 60°-75° E. Near 
the Hellena and Lillian mines, it is approximately due 
north. Intelligent prospecting requires a recognition 
of the regional trend, with the intention of driving ex­ 
ploratory tunnels as nearly as possible at right angles 
to the prevailing fissure strikes. It is emphasized, how­ 
ever, that it would be most unwise to assume that the 
strike of fissures will be constant for long distances; 
stresses vary considerably from place to place, even 
within a small area, especially if the rocks are not 
everywhere identical.

Gouge has a definite effect upon mineral deposition, 
acting much like a semipermeable membrane by "strain­ 
ing out" some constituents, but allowing others to pass 
through it. The fissures thus exert a differential effect 
on mineralization in ways other than as channels. For 
example, in the southern crosscut at the east end of recent 
workings of the Nevada Tunnel, gold in amounts up to 3 
ounces per ton has been found in a dense, clayey gouge 
of sheared granite, deeply stained with brown iron 
oxide; locally the metal is visible in this gouge, and 
also in the sheared granite "horses" within the gouge 
zone. Whether this gold is primary or secondary in 
origin is uncertain; the oxidized state of the iron sug­ 
gests that the gold is secondary, but the gold in the 
relatively unaltered granite inclusions at least appears 
to be primary.

NEARNESS TO INTRUSIVE BODIES

In the central part of the Leadville district high- 
temperature deposits surround the obscure intrusive 
stock of Breece Hill in zones (Emmons, Irving, and 
Loughlin, 1927, pp. 177-178; Loughlin and Behre, 1934, 
pp. 222-224), but no such high-temperature ores occur 
in the area described in the present report. This zon­ 
ing, despite structural complications between the ores 
and the Breece Hill plug, is interpreted as indicating 
that the mineralizing solutions traveled laterally and 
upward from the same center as the Breece Hill plug, 
following the edges of the newly consolidated plug and 
spreading outward from it along available fault zones.

Thus the Breece Hill plug may be regarded as mrrking 
the source of the mineralization.

No igneous masses in the marginal part of the Lead­ 
ville district are clearly associated genetically with the 
ore. However, there is evidence that the Mansfield 
shaft was sunk in a plug of Johnson Gulch porphyry, 
which cuts the early White porphyry sill at the top 
of the Leadville dolomite. This plug is not clearly 
delimited at the surface because all of the rock in the 
vicinity is greatly bleached and altered (p. 139). From 
the Mansfield plug the ore-forming solutions appar­ 
ently moved outward, in part following along the great 
Mike fault that lies to the east, and in part radiating 
in all directions through the sill of early White por­ 
phyry and the underlying Leadville dolomite. The 
great heat coming from this nearby irregular plug 
appears to have favored the serpeiitinization, locrl dep­ 
osition of crystalline masses of magnetite, and impreg­ 
nations of fine dusty hematite. These minerals are 
conspicuous in the Altoona workings and the adjacent 
area and extend as far east as the First National shaft. 
The plug of Johnson Gulch porphyry or a similar, more 
deeply buried, intrusive is believed to account for the 
arseiiopyrite and manganosiderite found on the dump 
of the First National shaft.

The various porphyry sills were intruded before the 
cross-cutting plugs and were obviously not so closely 
related to the ore-forming solutions. Certain of the 
sills are very closely associated with large ore bodies, 
but this association is a structural feature to be con­ 
sidered below.

EFFECT OF PONDING AGENTS

Upward or lateral progress of solutions may be im­ 
peded or completely halted by impermeable rock masses. 
This stagnation generally favors deposition of the con­ 
tained mineral matter in preexisting openings; simi­ 
larly, ponding commonly affords a better opportunity 
for replacement. Conspicuously effective ponding bar­ 
riers at Leadville are clay gouge in faults (already dis­ 
cussed above), porphyry sills and dikes, and shaly lay­ 
ers; locally silicified limestone strata and quartzitic 
beds have also been effective. Where such ponding 
layers are parallel to the beds, the replacement bodies 
developed are the "blankets" or "contacts" so typical 
of the district. In general, the most common ponding 
agents are sills of the Gray porphyry group or of the 
early White porphyry. In the central part of the 
Leadville district porphyry sills are abundant, espe­ 
cially in the Leadville dolomite. Sills are so numer­ 
ous in some localities that, including one or two shaly 
beds that also act as barriers, as many as ten or eleven 
"contacts" are recognized (Emmons, Irving, and 
Loughlin, 1927, p. 190). However, such occurrences of 
multiple "contacts" are confined to the central part of
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the district; neither intrusive sills nor deposits of the 
blanket type are so plentiful in the marginal parts here 
described.

In the marginal parts of the Leadville district, the 
sill most commonly serving as a ponding agent is the 
great mass of early White porphyry that lies above the 
Leadville dolomite. This is well exposed in the vicin­ 
ity of the Dyer mine and in the numerous prospects on 
the east wall of the Iowa Amphitheater. The sill can 
be readily traced westward far down Iowa Gulch: it 
is recognized on the southern slope of Printer Boy Hill 
and on the northern slope of Long and Derry Hill, west 
of the Hellena mine, and near the Mansfield shaft. In 
the northern part of the area mapped, from Little Ellen 
Hill and Evans Gulch northward, the chief ponding 
sills exposed in shallow workings are of Evans Gulch 
porphyry, as best seen on the southern slopes of Pros­ 
pect Mountain. However, most of the higher-grade ore 
and the larger ore bodies in the northern area are those 
developed beneath the same sill of early White por­ 
phyry (here greatly thinned) above the Leadville dolo­ 
mite ; others occur beneath a thick sill of Johnson Gulch 
porphyry, wherever this lies directly above the top of 
the Leadville dolomite.

In the central part of the Leadville district the pond­ 
ing agent is very commonly one of several shaly beds 
in the Peerless formation, as may be seen on the 7th 
and lower levels of the Ibex mine. In mines of the 
Mikado-Greenback group, shaly beds in the Parting 
quartzite act as ponding agents; where mineralization 
was intense in this ground, even the Parting quartzite 
itself is replaced to some extent by ore minerals. In 
the marginal parts of the district, however, the most 
generally effective shaly barrier is that at the very top 
of the Leadville dolomite, consisting of 5 to 35 ft of 
Peiinsylvanian shale that locally lie between the base 
of the thick early White porphyry sill of Mount Sher- 
man and the top of the dolomite. It is well exposed in 
the Continental Chief and Liddia mines, and may be 
present elsewhere, though it was not generally noted in 
earlier descriptions.

In many places one or several of the beds in the top­ 
most 35 ft of the Leadville dolomite have been silicified, 
and such silicified rock is locally a constant guide hori­ 
zon. One such area, in which the top 15 to 20 ft of the 
limestone are affected, is that near the crest of Sheridan 
Mountain; exposures are especially good on the south­ 
western slope. A second area of good exposures is near 
the Hilltop mine and still another is the region about 
0.8 miles south of the Mitchell ranch. In all of these lo­ 
calities the altered rock is strongly quartzitic. Despite 
careful field work it has not been possible everywhere 
to determine whether the rock is the result of silicifi- 
cation of a limestone or is a true quartzite, such as is

not uncommon in the lowest part of the Weber (?) 
formation, and was produced by the metanorphism of 
a clean but fine-grained quartzose sandstone. Miner­ 
alizing solutions have been ponded locally by such 
quartzites or pseudo-quartzites in the three localities 
mentioned above, though not on a scale that is now of 
commercial importance.

NATURE OF THE COUNTRY ROCIr

Aside from the importance of fissures, tl ^ outstand­ 
ing feature in the control and localization of ore deposi­ 
tion is the presence of limestone, especially the upper 
part of the Leadville dolomite, which is the predomi­ 
nant ore-bearing rock. The ore channels were better 
developed in the sedimentary rocks than in the igneous 
and inetamorphic rocks of late Cretaceons or early 
Tertiary and of pre-Cambrian time because the bed­ 
ding planes in the sedimentary rocks served as solution 
channels and helped to orient fissure formation. Al­ 
though the preceding statement applies to the clastic 
rocks of the Cambrian, Ordovician, Devonian, and 
Pennsylvania!! deposits as well as to the limestones and 
dolomitic limestones, the clastic rocks contain only a 
small proportion of the ore deposits. Such a discrep­ 
ancy between calcareous rocks and all the others must 
have a basic reason; further, the cause seems to be 
mainly chemical, for the physical differences, if any, 
are not apparent. The upper part of tl ^ Leadville 
dolomite is more cherty than the lower part, but there 
is 110 obvious correlation of the chert with the degree 
of mineralization.

Repeated tests with dilute hydrochloric acid were 
made to detect chemical differences between the lower 
and upper beds of the Leadville dolomite in view of 
their contrast in degrees of mineralization. Such 
studies were especially detailed in several localities 
where exposures are good, particularly in the Evans, 
Dyer, Iowa, and Empire Amphitheaters.

Finally, a series of samples was systematically col­ 
lected from the Leadville and Dyer dolomites. Sam­ 
pling was started at the top beds of the Leadville dolo­ 
mite, as exposed beneath the lowest sill of early White 
porphyry on the crest of West Dyer Mountain, and con­ 
tinued downward to the top of the Parting quartzite 
in the northwestern wall of the Dyer Amphitheater. 
The specimens were collected at actual etratigraphic 
intervals averaging about 11 ft, the lowest being 11 ft 
above the top of the Parting quartzite. The Leadville 
dolomite here has a normal thickness of 15-i ft, but the 
Dyer dolomite member of the Chaffee formation is far 
thicker than average, attaining a total of 94 ft. Anal­ 
yses showing the bases (CaO, MgO, and FeO) present 
in the carbonates of the limestone, togetl ^r with the 
insoluble residues, are recorded in the following table:
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Systematic sampling of Leadville dolomite and Dyer dolomite member of Chaffee formation, West Dyer Mountain

[E. T. Erickson, U. S. Geological Survey, Analyst]

1. Sample 
No.

2. Stratigraphic 
height above 
base of forma­ 

tion (feet)

3. Insoluble 
constituents 

(percent)

4. Soluble 
CaO 

(percent)

5. Soluble 
MgO 

(percent)

6. Soluble 
PeO 

(percent)

7. Molecular 
ratio of 

CaO

8. Molecular 
ratio of 
MgO

9. Molecular 
ratio of 

FeO

10. Ratio of mole­ 
cular ratio of CaO 
to molecular ratios 
of MgO and FeO

Leadville dolomite

1
2
3
4
5
6
7
8
9

10
11
12
13
14

154
143
132
121
110
99
88
77
66
55
44
33
22
11

0.39
.24
. 66

44. 64
.52
. 46
. 67
. 61
.72

1.04
. 64

2.30
5.84
5.75

32.47
31.01
31. 20
17. 19
31.95
30. 81
31. 20
30.91
30.80
32. 16
29. 11
30. 19
29.53
29.27

19.84
19. 85
20. 15
11. 68
21. 31
21.27
20. 27
19. 05
19. 72
18. 49
20.75
20. 91
18.89
18.07

0 80
65
41
41
32
28
41
37
46
32
32
32
32
28

0 578
552
556
306
569
549
556
569
549
573
519
538
526
522

0. 491
. 491
.499
.289
.528
.527
.502
. 472
. 488
.458
.514
.518
.468
.448

0 Oil
009
006
006
004
004
006
005
006
004
004
004
004
004

1. 151
1. 104
1. 101
1. 037
1.070
1.034
1. 094
1. 193
1. Ill
1. 240
1.002
1.031
1. 114
1. 155

Dyer dolomite

15
16
17
18
19
20
21
22
23
24

94
88
77
66
55
44
33
22
11

Parting
quartzite_

6.82
8.23

13.22
15.48
29.21
5.96
4. 78
5. 73

18. 65

29.75
29.30
27.42
27.57
21. 19
29. 78
29.59
29.47
25.57

17. 27
18. 13
16. 69
15. 51
13. 52
19.21
18. 99
17.08
15. 21

0 41
37
97

1 01
1 16

60
46
51
62

0 530
522
489
492
378
531
527
525
456

0 428
449
414
384
335
476
471
423
377

0 006
005
013
014
016
008
006
007
009

1.221
1. 150
1. 145
1. 236
1.077
1.097
1. 103
1.221
1. 181

In the Leadville district much of the dolomite in the 
dolomitic limestones contains ferrous iron in place of 
some of the magnesium. The recalculations of the 
analyses listed in, columns 7, 8, and 9, of the above 
tabulation are simple molecular ratios computed by 
dividing the percent of a given oxide as reported in an 
analysis by the molecular weight of the oxide. If for 
a certain analysis the sums of molecular ratios of mag­ 
nesia and ferrous iron oxide are less than the calcium 
oxide ratio given in column 7, this would suggest that 
the calcium oxide was not all used up in dolomite 
molecules but that a surplus exists which appears in 
the rock as calcite. The result of dividing the molec­ 
ular ratio of calcium oxide available by the sum of the 
molecular ratios of magnesium oxide and ferrous iron 
oxide, as expressed in column 10 thus furnishes a rela­ 
tive measure of this surplus calcite indicated for the 
several stratigraphic horizons analyzed.

These calculations are subject to some qualifications. 
First, it is well known that dolomite may contain some 
calcite in solution within the dolomite space lattice; 
this calcite, though appearing in the calculations, is not 
as readily subject to attack by mineralizing solutions 
as ordinary calcite; generalizations concerning the sus­ 
ceptibility of a given bed to replacement, if based upon 
calculations such as the above, would be vitiated if this 
factor were ignored. Second, it is here assumed that 
the three basic ions are present only in the carbonate

minerals, calcite and dolomite. Instead, they may be 
present in part in silicates or other compounds, not de­ 
tectable without careful mineralogic and petrogn,phic 
study. If one or another of these basic ions were lib­ 
erated in quantity from a silicate during solution of 
the specimen for analysis, a false impression v^ould 
arise regarding the ratios of the ions in the carbonate 
minerals assumed to be present. These possibilities do 
not seem likely but they compel a recognition of the 
somewhat tentative nature of the conclusions •Hiich. 
follow.

In all the samples of the Leadville and Dyer dolo­ 
mites, the ratio of CaO to MgO-plus-FeO is close to 
that of dolomite, as indicated in column 10, regardless 
of the percentage of insoluble material. In detail there 
is considerable variation, but assuming that the sam­ 
pling is representative (and very effort was made to 
keep it so), there is no part of the section in which the 
ratio of CaO to MgO-plus-FeO is markedly greater 
than in any other part. Perhaps the lower part of the 
Leadville dolomite and the upper part of the Dyer dolo­ 
mite together constitute the only significant exception, 
though the ratio is high in certain other samples ir­ 
regularly distributed in the section. Calcite, in con­ 
trast to dolomite, does not seem to be unusually abun­ 
dant in the upper part of the section sampled, even 
though that is where mineralization is most extensive. 
The three samples from the highest part of the Lead-
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ville dolomite contain no more calcite than samples 8, 
9, and 10, from near the base of the formation, and no 
more than the average of samples from the Dyer dolo­ 
mite. Indeed, the average ratio of the molecular ratio 
of CaO to the sums of the molecular ratios of ferrous 
oxide and magnesium oxide is higher in the Dyer dolo­ 
mite than in the Leadville.

On this basis alone, in short, there is proportion­ 
ally more calcite in the Dyer than in the Leadville 
dolomite. As calcite is more soluble and presumably 
more readily replaced by ore than dolomite, its per­ 
centages in the different beds have evidently had little 
to do with the localization of ore bodies.

At certain places in the central Leadville district 
large quantities of ore have been mined from the lower 
part of the Leadville dolomite and from the Dyer and 
Manitou dolomites, but even so, the dominance in num­ 
ber and size of the ore bodies in the upper part of the 
Leadville dolomite is very distinct (Emmons, Irving, 
and Loughlin, 1927, pi. 45). This dominance is even 
more striking in the outlying areas: in these outlying 
areas substantial quantities of ore from replacement 
deposits have come only from strata in the uppermost 
part of the Leadville dolomite. This statement applies 
to such relatively large mines as the Hilltop, Conti­ 
nental Chief, and Dyer. In other mines credited with 
large output, such as the Hellena, Clear Grit, and 
Lillian, the ore shoots occurred along fissures with 
which no noteworthy blanket deposits have been found 
to be related, either because the wall rocks are siliceous 
or because gouge along the margins of the fissures has 
prevented solutions from spreading into limestone or 
dolomite walls.

The lower part of the Leadville dolomite and the 
Dyer dolomite as a whole contain more insoluble mate­ 
rial than do the uppermost beds of the Leadville, and 
may therefore have been left comparatively imper­ 
meable, especially in places far removed from faults. 
No porosity tests were made on the samples, as the de­ 
gree of porosity both in the purer and the less pure 
beds is obviously very low.

The Manitou dolomite as a whole contains greater 
percentages of calcite and of insoluble material than 
the Leadville dolomite and about the same percentages 
as the least pure samples of tlie Dyer dolomite (Em­ 
mons, Irving, and Loughlin, 1927, pp. 28-29). Its 
many shaly partings render it still less subject to con­ 
tinuous open fracturing than are the other two 
formations.

The quartzites and sandstones in the outlying areas 
have been wholly unproductive, even though the sand­ 
stones appear to be more porous than the carbonate 
rocks. In a few places within the central area quartz- 
ite and sandstone have been replaced by small ore shoots 
where local shattering and other structural conditions 
rendered the rock unusually susceptible to attack. No

matter how porous the siliceous rocks may be as a 
whole—including the pre-Cambrian rod's, Sawatch 
quartzite, Parting quartzite member of the Chaffee, and 
the Weber (?) formation—they are not expensively re­ 
placed under the conditions that commonly prevailed 
in the Leadville region. Some fissure veins in these 
rocks, particularly the pre-Cambrian, have been mined 
for their precious-metal contents, but their ore shoots 
are too small to justify mining for the base metals.

In brief, chemical data indicate that although the 
carbonate rocks were far more readily replaced than 
any of the siliceous rocks, there was no preference for 
beds containing relatively high or low percentages of 
calcite, and the large replacement bodies are essentially 
restricted to the uppermost part of the Leadville dolo­ 
mite throughout the marginal areas by tlie structural 
conditions.

GENERAL NATURE OF SECONDARY CHANGES

After an ore deposit has been formed by rising solu­ 
tions, and the process of primary mineralization is com­ 
pleted, the ore and gangue minerals are likely to un­ 
dergo changes. These primary minerals nay be acted 
upon by descending cold waters containing oxidizing 
agents (such as oxygen and carbon dioxide) and by 
salts of metals leached from higher parts of the same 
primary ore body. New, secondary, minerals are 
formed: oxides, carbonates and sulfates, native metals, 
and certain sulficles. If the products are rich in oxy­ 
gen, they are said to be oxidized minerals; if there is no 
increase in oxygen but new sulficles with a greater per­ 
centage of metals are formed, they are said to be sec­ 
ondarily enriched sulfides. Chemical conditions re­ 
quired by the process of secondary sulfide enrichment 
can exist only below the ground-water level prevailing 
at the time. In general, ground-water level will coin­ 
cide with the boundary between the zone of oxidation 
and the zone of secondary sulfide enrichment but subse­ 
quent uplift or depression may change the position of 
the ground-water level. Minerals produced by oxida­ 
tion may be brought below ground-water l<wel and the 
products of secondary sulfide enrichment elevated 
above ground-water level. Oxidation products may be 
removed by glaciation or by stream erosion.

The secondary changes tend to separate iron and 
copper. The iron forms such insoluble compounds as 
limonite in the oxidized zone, and the dissolved copper 
is generally reprecipitated at depth as the secondary 
sulfides chalcocite and covellite. Similarly, once ex­ 
posed to oxidation, zinc tends to migrate downward in 
solution, whereas oxidized lead minerals are relatively 
insoluble. Thus, two metals closely associated in the 
primary ore are likely to become separated in the proc­ 
ess of secondary alteration.
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SECONDARY CHANGES IN THE CENTRAL, LEADVIL.LE 
DISTRICT

The nature and origin of the secondary changes in 
the ores of the central part of the district have been dis­ 
cussed in Professional Paper 148 (Enimons, Irving, and 
Loughlin, 1927, pp. 220-272). Oxidation was very ex­ 
tensive in the central Leadville district, and early pro­ 
duction was mainly from oxidized ores. Manganosid- 
erite yielded iron and manganese ores, but some pri­ 
mary iron pyrite, too, found use as flux in smelting. 
Siliceous pyritic ore rich in precious metals yielded 
siliceous gold and silver ores upon oxidation. Mixed 
sulfides were oxidized to form jarositic ores rich in lead 
and also to form various types of lead carbonate. Zinc 
blende was oxidized to zinc carbonates and silicates. 
Siliceous pyrite and chalcopyrite ores were oxidized to 
form copper ore (silicates and carbonates)', and bis­ 
muth compounds yielded oxidized bismuth ores, but 
copper and bismuth ores are relatively scarce and of 
little economic importance in the Leadville district.

Iron and manganese ores of various grades were 
widely distributed, especially making up the so-called 
"vein material," but have been largely exhausted. A 
few small bodies of high-grade manganese ores have 
been formed.

Most siliceous gold-silver ores form irregular bodies 
below lead carbonate ore shoots. On Carbonate and 
Fryer Hills much of the silver occurred as cerargyrite 
along joints or pore spaces. Some ores on Iron and 
Breece Hills were rich in gold but in deeper workings 
they commonly passed abruptly to sulfides low in pre­ 
cious-metal content.

Oxidized lead ores include "hard carbonate" and 
"sand carbonate." Hard carbonate is formed where 
there is enough iron oxide or silica to cement the 
grains of lead carbonate into a hard but generally po­ 
rous rock. Sand carbonate consists of granular cerus- 
site crystals, typically not firmly cemented. Sand car­ 
bonates are gray to brownish; hard carbonates are 
commonly reddish or brownish, though rarely gray. 
Both types of oxidized lead ore are generally silver- 
bearing. Lead sulfate is of mineralogic interest but of 
no economic importance in the district. Jarositic ores 
consist of basic ferric sulfate with some lead in the 
molecule; they are ocherous, finely micaceous, and 
unctuous. They are generally lean in silver but rich 
in lead and gold. Jarosite is fairly common in the 
central part of the Leadville district but rare in the 
marginal sections.

Oxidized zinc ores are of four types: (1) gray car­ 
bonate ore, (2) brown carbonate ore, (3) brownish- 
black carbonate-silicate-oxide ore, and (4) dense zinc­ 
iferous clay. The gray carbonate is the result of re­ 
placement of manganosiderite. The brown carbonate 
ore is highly varied in texture, porosity, and color; it 
represents partly a replacement, partly the filling of

contraction cracks and other cavities containing zinc 
carbonate and silicate. The other two types of oxidized 
zinc ores lack economic importance.

Oxidized ore minerals in the central part of the dis­ 
trict contrast greatly in vertical distribution. The 
primary lead and zinc minerals reacted differently to 
oxygen-bearing solutions. The zinc sulfide was oxi­ 
dized to soluble sulfate and traveled downward in de­ 
scending acid solutions to the point where, comirg in 
contact with calcareous wallrock or with carbonate 
gangue minerals, the solution was neutralized and the 
zinc replaced the iron, manganese, or calcium ir the 
carbonates of the country rock or gangue. Lead sul­ 
fide, however, undergoes only a very slow conversion to 
carbonate or is altered, likewise slowly, to sulfate by 
direct combination with oxygen. As both carbonate 
and sulfate are nearly insoluble, little lead was removed 
by solution from the primary ore; replacement of lime­ 
stone or gangue, resembling the replacement by oxidized 
zinc minerals, is relatively slight. Thus, after oxida­ 
tion an original blanket body of primary mixed lead- 
zinc ore is likely to be divided into an upper body of 
lead carbonate with remnants of primary galena, a thin 
layer of iron oxide and clay, and a lower body of zinc 
carbonate, commonly with some calamine. In veins 
the arrangement is essentially the same, with the lead 
carbonate and galena medial and the oxidized zinc 
minerals marginal. In general, the zinc carbonate ores 
occur beneath the ground-water level, and in rome 
places even beneath sulfide ores.

The depth of oxidation in the central part of the 
Leadville district is greatly varied, in part because of 
differences in the permeability of the country ro^s. 
This variation of depth is increased by the fact that 
rocks of contrasting permeability lie at approximately 
the same level. The old surface of most of the lower 
parts of the district (other than the valley floors) is 
covered by Pleistocene glacial deposits. Because most 
of the oxidation antedated glaciation, the top of the 
sulfide zone is more nearly parallel with the bottoms of 
the moraines rather than with the present surface 
(Enimons, Irving, and Loughlin, 1927, pp. 248-£49).

The processes of oxidation and secondary sulfide en­ 
richment have been closely studied in many districts, 
and their chemistry is well understood. Leadville dif­ 
fers from many other rich mining regions in the scarcity 
of primary copper ore. Copper minerals oxidize near 
the surface to form soluble copper salts which pass 
down into the zone of more sluggish circulation and of 
reducing conditions where they tend to be precipitated 
as secondary sulfides. Copper is the most sensitive of 
the common metals in this behavior but the low amount 
of copper in the Leadville ores precludes its use as an 
index of secondary sulfide enrichment. Zinc rarely (if 
at all) occurs as a distinctive sulfide and likewise is a 
poor criterion for recognition of the secondary sulfide
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zone. Lead, on the contrary, resists oxidation and so­ 
lution. As a consequence, in lead-zinc ores boundaries 
between the oxidation zone, the secondary sulfide zone, 
and the primary sulfides are not only very irregular 
but also commonly hard to identify. The anomalous 
behavior of zinc carbonate, which is commonly carried 
below the level of sulfides produces an additional 
complication.

Thus, with respect to zones of oxidation and second­ 
ary sulfide enrichment, the central part of the Leadville 
district differs from other larger mining districts of 
the United States west of the Front Range.

SECONDARY CHANGES IN MARGINAL, DISTRICTS 

GENERAL FEATURES

Most of the larger mines in the marginal districts 
around Leadville are in areas such as the floors and 
slopes of the Empire, Iowa, Dyer, and Evans Amphi­ 
theaters that have been subjected to vigorous glaciation. 
Other mines, such as the Helleiia, are in deeply gla­ 
ciated valleys. In all these, areas erosion has removed 
most of the thoroughly oxidized ores, and the mines are 
too few to yield dependable general information on the 
secondary changes in the ores. Furthermore, the ores 
are uniform and simple; copper minerals, the most sen­ 
sitive indicators of secondary sulfide enrichment, are 
lacking, and silver salts are rarely visible. In short, 
there is little basis for a trustworthy concept of oxida­ 
tion and secondary sulfide enrichment in the ore.

Nevertheless, the general mineralogical relations do 
not differ greatly from those reported for the central 
part of the district. The primary ores are the same, 
though leaner and very largely lacking both copper and 
gold, with smaller quantities also of manganosiderite; 
zinc and lead predominate, much as in the central dis­ 
trict, but pyrite is far less conspicuous. The mineral 
assemblage, therefore, bears considerable resemblance 
to that of the central Leadville district, and the limits 
of oxidation and secondary enrichment are poorly de­ 
fined in the marginal deposits, just as they are in the 
central Leadville district.

Few observations in deeper mines could be made in 
the present study, but depth to which the oxidized zone 
extends is evidently as greatly varied in the marginal 
as in the central Leadville region. In the Hellena mine 
in Iowa Gulch the effects of oxidation are negligible, 
as might have been inferred from the heavy flow of 
water encountered at all levels. These effects are also 
virtually absent from the Best Friend and other mines 
in the floor of Evans Amphitheater and from most of 
the mines on the valley floor of Iowa Gulch west of 
the Hellena mine. Most of the higher slopes of Long 
and Derry and Printer Boy Hills, however, revealed ex­ 
tensive oxidation to various depths. In the Continen­ 
tal Chief, Hilltop, Liddia, Peerless Maude, and Dyer 
mines oxidized zinc ores predominated, even in the

deepest workings. The higher areas have been less af­ 
fected by glacial erosion (see p. 11). As most of the 
oxidation of the ore antedated glaciation, the lower 
limits of the oxidized zone should be approximately 
parallel with the preglacial surface. Where, as in 
Iowa Gulch, Pleistocene streams and glaciers deeply 
eroded the surface, the oxidized zone may have been 
completely stripped. Where, as in the Peerless Maude 
and Dyer mines, the ore deposits lie (presumably) only 
500 ft or less below the topographic level from which 
oxidation proceeded downward in preglacial times, at 
least a part of the oxidized zone should still be 
preserved.

Another factor affects the present depth of oxidation. 
Structural features such as faults, dikes, and imper­ 
vious strata may produce irregularities in the depth of 
oxidation." Oxidizing waters can descend easily to un­ 
usual depths along faults, but are impeded by imper­ 
vious beds or fault gouges.

Upon very strong evidence, the time of maximum 
oxidation has been placed in late Tertiary or early 
Pleistocene (Emmons, Irving, and Loughlin, 1927, fig. 
83 and p. 272). Most faulting antedated the major 
oxidation so it is most unlikely that the present irregu­ 
larities in the level of the bottom of the oxidized zone 
can be attributed to faulting and displacement of an 
oxidized zone having a previously uniform altitude.

OXIDATION OP SPECIFIC ORE MINERALS

Pyrite oxidizes readily through various ferrous and 
ferric sulfates to limoiiite and the related oxides, the 
commonest minerals of the oxidation group. Some of 
the pyrite, especially where as in the Continental Chief 
mine it lies near lead sulfides, forms small quantities 
of plumbojarosite. Manganosiderite ir not wide­ 
spread, but deposits of wad and other manganese oxides 
(especially pyrolusite and psilomelane, or cryptome- 
lane) are found. They are most common in the "con­ 
tact matter" between two beds. The absence of large 
quantities of manganosiderite suggests th&t the manga­ 
nese oxides have been derived largely from manganif er- 
ous siderite or from inanganiferous calcite. A little 
manganese is also present in such minerals as hetaero- 
lite (2ZiiO-2Mn2O3-H2O) and chalcophanite [(Mn, Zn) 
O-2MnO2 -2H2O], and in a brown zinciferous clay. 
Manganese in zinciferous clay was found in large quan­ 
tity in one of the northwest stopes an intermediate dis­ 
tance down the incline in the east wordings of the 
Continental Chief mine. Such manganif erous ores are 
common in the "contact" or blanket deposits. Large 
quantities, reported to contain much silver, occur in 
and near the Kenosha tunnel on Long and Derry Hill, 
and some has been produced from a tunnel situated 
about 1,000 ft east-southeast of the Himalaya mine. 
The dumps of the First National and Julia-Fisk groups 
show oxidized manganosiderite, but no production of 
manganese ore is recorded from these mines.
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Films of oxidized copper minerals are common, but 
their conspicuous blue and green colors are likely to 
lead to overestimation of the quantity of primary cop­ 
per minerals; in the marginal deposits they are almost 
wholly absent. Small quantities of malachite in minor 
prospects on the north slope of Mount Sherman are 
designated "chloride" (cerargyrite) by miners, but as­ 
says reveal very little silver.

Oxidized lead ores are conspicuous only locally, as 
on Printer Boy Hill, in the Peerless Maude mine on 
Peerless Mountain, and in several prospects situated 
about 1,000 feet north-northeast of the Liddia tunnel. 
Basic ferric sulfates containing lead (plumbojarosite) 
and rich in gold may have been mined to a small extent 
in workings of the Lillian group on the south slope 
of Printer Boy Hill; presumably these sulfates resem­ 
bled those described by Emmons, Irving, and Loughlin 
(1927, pp. 230-231) but their relations to the other ores 
are not known. Probably the absence of extensive de­ 
posits of oxidized lead ores in the marginal Leadville 
district is due to the effects of glaciation. Most of the 
ore deposits are in valley bottoms or on the walls of 
cirques, where the oxidized lead ores were swept away 
by glacial erosion. Remnants of the preglacial topog­ 
raphy, such as the crest of Peerless Mountain, are- most 
likely to retain deposits of oxidized lead ores.

In the outer parts of the Leadville district the zinc 
ores are by far the most conspicuously oxidized. Het- 
aerolite and chalcophanite (complex oxides of zinc and 
manganese) have been mentioned. Chocolate-colored 
zinciferous clay is found locally, especially in "contact" 
deposits, but zinc cannot be extracted from it economi­ 
cally. By far the most common oxidized product from 
primary blende is smithsonite ("dry bone") in choc­ 
olate, yellowish, or gray cavernous masses suggesting 
partly decayed bone. It constitutes the dominant zinc 
ore in the Continental Chief and Liddia mines. Speci­ 
mens shown the writer indicate that it was plentiful in 
the Hilltop mine, but that mine also contained consider­ 
able smithsonite or hydrozincite of a type described by 
the miners as a "chalky carbonate." Near the ground- 
water level the "dry bone" type of smithsonite com­ 
monly has inclusions of greenish to dark-brown blende 
with a striking resinous luster; such inclusions are com­ 
monly shattered and altered to smithsonite along the 
cracks. Remnants of galena, commonly enclosed in 
thin envelopes of oxidized lead minerals, are also pre­ 
served within the larger smithsonite masses. The cav­ 
erns in the "dry bone" are commonly crustified with 
tiny crystals of calamine. In places small calamine 
crystals are enclosed in the smithsonite forming the 
walls of the cavernous "dry bone." In most oxidized 
bodies calamine seems to have been the more recent and 
less plentiful of the two common oxidized zinc minerals, 
though it is very widespread.

In the oxidized marginal ores of the Leadville dis­ 
trict there is some native silver, some in combination 
with halogens (especially in the chloride, cerargyrite), 
and some as a sulfide. None of these three forms is 
visibly abundant or known in quantity, but a few 
silver wires, scales, or leaves are found. Rich silver 
ores in iron-stained flinty material that represented 
silicified Leadville dolomite were worked in several 
prospects in Little Evans Gulch about 1,000 to 1,500 ft 
north and northeast of the Chicago Boy mine. The 
proportion of primary to secondary silver has not been 
determined. The high degree of iron-staining of this 
ore and the occurrence of some of the silver in small, 
open fractures suggest that only oxidized silver or s'lver 
salts have been preserved.

Oxidized gold ores probably occur in what is de­ 
scribed as "rusty" limonite in some oxidized veins, and 
also in iron-stained "contact" deposits. In numerous 
shallow fissures in the pre-Cambrian and Camtrian 
rocks gold has been found, commonly associated with 
considerable manganese stains; such small deposits are 
especially abundant in the pre-Cambrian rocks, and, 
though the small bodies that were worked were rich 
their aggregate output is not great. Examples are 
found in prospects on the slope of East Ball Mountain 
just west of the mouth of Dyer Amphitheater. In gen­ 
eral, however, gold ores in the marginal parts of the dis­ 
trict are lean. The gold reported in the west workings 
of the Continental Chief mine was partly in oxidized 
quartzose ore. The ore along the Mosquito fault or 
its subsidiaries in the southern arm of the Evans Am­ 
phitheater is apparently primary, as alteration of the 
associated blende and pyrite is negligible.

"Contact" or blanket deposits in the marginal parts 
of the district are small (in contrast with the great 
ones of the central parts) but they are nevertheless very 
conspicuous because they are deeply stained brown or 
black. The deposits commonly contain ceru^site, 
smithsonite, silver minerals, and (more rarely), cala­ 
mine and gold. In the marginal region they appar­ 
ently result from local alteration of pyrite, sphalerite, 
or mixed ores.

OXIDATION OF GANGUE MINERALS

Manganosiderite is oxidized to iron and manganese 
oxides, and the other carbonates slowly dissolve, leav­ 
ing a cavernous rock favorable to the deposition of 
smithsonite and calamine. Most of the carbonates' ap­ 
pear to contain at least small quantities of iron car­ 
bonate in isomorphous combination with the carbor ates 
of magnesilim, calcium, and manganese; indeed, some 
of the mineral called dolomite may well be ankerite or 
siderite. Oxidation of the carbonates is therefore 
commonly accompanied by the formation of faint or 
conspicuous rusty coatings.

A special kind of oxidation process, commonly as­ 
cribed to the action of descending waters, is the solu-
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tion of the cement between the grains of dolomite. The 
residue is a poorly consolidated or wholly free sand, 
called locally "dolomite sand." Examples are common 
at Oilman and Eed Cliff, Colorado (Henderson and 
others, 1934, p. 75), and also in the central Leadville 
district (Emmons, Irving, and Loughlin, 1927, pp. 
36-37).

Quartz in the oxidized ore also is commonly stained 
brown as the result of the oxidation of pyrite, and made 
cavernous in appearance by the solution of grains of 
pyrite and blende. Barite is highly insoluble and re­ 
mains unaltered except that its normal bluish white 
color is changed to a creamy hue.

SECONDARY SULFIDE ENRICHMENT

Secondary sulfide enrichment consists of the oxida­ 
tion of primary sulfides near the surface, their solution 
in descending waters, and their reprecipitation as sec­ 
ondary sulfides at depth. It is important in copper- 
rich deposits of the western United States, but not in 
the Leadville district where copper is negligible and 
lead and zinc are the dominant mineral constituents of 
the primary ores. Apparently, lead is rarely if ever 
reprecipitated as a sulfide at the ground-water level 
(Butler, 1913, p. 92; Emmons, 1917, p. 140). The 
theory of enrichment of zinc in ore deposits of the Lead­ 
ville type on a large scale by secondary sulfide deposi­ 
tion is also not accepted by most observers and seems 
not to be supported by fact (Emmons, 1917, p. 271; 
Emmons, Irving, and Loughlin, 1927, p. 268). In 
some places silver is reprecipitated in commercial quan­ 
tities, both as native silver and as argentite (Emmons, 
1917, pp. 373-374). Gold, taken into solution as the 
chloride in the oxidized zone, may be precipitated as the 
native metal in the zone of secondary sulfide enrich­ 
ment by reaction with certain sulfides or with constitu­ 
ents in the ground water (Emmons, Irving, and 
Loughlin, 1927; Emmons, 1912, pp. 25-28).

The writer found conclusive evidence of a secondary 
sulfide zone only in the South Ibex (Venir) mine, where 
chalcocite has stained otherwise fresh surfaces of 
pyrite.

The absence of copper in the ore and the complicated 
relation between ore zones and topography nullified 
every attempt to trace the relation between secondary 
sulfides and depth below the surface and makes im­ 
possible any regional generalizations about the depth 
of secondary enrichment in the marginal areas around 
Leadville; in short, secondary sulfide enrichment is not 
an important factor in these areas.

SUGGESTIONS FOR PROSPECTING IN THE OUTLYING
AREAS

Attention has already been directed to the most prom­ 
ising areas of the central part of the Leadville district 
(Loughlin, 1926; Emmons, Irving, and Loughlin, 1927, 
pp. 323-326). In the following paragraphs sugges­

tions are offered for selection of outlying areas that de­ 
serve more careful exploration. The recommendations 
are based on inferred geologic relations and upon ex­ 
plorations already carried out.

The principal centers of mineralization and the larg­ 
est ore bodies are in the central Leadville district, but 
in the outlying areas there are minor centers that are 
likely to have somewhat smaller ore bodi?s. Such de­ 
posits are likely to be rich in lead, zinc and silver, and 
to contain some gold; they are most likely to occur as 
fissure veins, but replacement bodies in limestone may 
also be present. Preliminary exploration indicates 
that the outlying ore bodies are most abundant near the 
major premineral faults and are (1) most likely to pass 
from fissure fillings into replacement bodies (2) at the 
contacts between the upper Leadville dolomite and the 
overlying sill or if the sill is absent or does not rest 
directly on the dolomite, between the Leadville dolomite 
and the Weber (?) formation. The Hellena mine ex­ 
emplifies the first of these and the Continental Chief 
and Hilltop mines the second. The deposits are char­ 
acterized by silver in association with galena, sphalerite, 
and pyrite, and by such gangue minerals as carbonates, 
quartz, and barite. Within this broad pattern, a few 
suggestions may serve as a general guide in prospecting.

First, the most favorable zone is the upper part of the 
Leadville dolomite. This zone is preferable to lower 
parts of the same unit and to the Dyer and Manitou 
dolomites, particularly because it is more massive and 
more brittle than the slightly more shaly lower lime­ 
stones, and because it is directly overlain by thick im­ 
pervious rocks. These impervious rocks include the 
thick sill of early White porphyry and the lowest, shaly 
beds of the Weber (?) formation.

Second, the Leadville dolomite seems to be at least 
moderately recrystallized in the neighborhood of ore 
and this feature may, with care and due conservatism, 
be used as a guide to ore. The alteration product, 
known as "zebra rock" because of its alternating layers 
of fine-grained blue-gray and more coarsely crystalline 
white dolomite, is characteristic of regions where at 
least a little mineralization has taken place. Ore is 
not in all cases found near "zebra rock" but the presence 
of such markings suggests fracturing and the possible 
circulation of mineralizing solutions.

Third, the Johnson Gulch porphyry se°ms to be the 
facies of the Gray porphyry group most commonly 
associated with mineralization. This doep not hold for 
many sill-like bodies but apparently it applies to dikes 
(such as those in Iowa Gulch near the Lillian mine) 
and to plugs, like those on Breece Hill and near the Rex 
and Mansfield mines.

Fourth, premineral fractures have been channels of 
mineralizing solutions. Most of them trend N. 0° to 
30° E., but detailed study shows that the pattern varies 
greatly with the part of the district studied. Many
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of these premineral fractures are reverse faults that 
may not be mineralized themselves but do commonly 
contain some ore, or have related small ore-bearing 
fractures or replacement bodies. It is not everywhere 
possible to determine which faults are reverse and 
which are normal. Generally, at least in faults of 
larger displacement, the eastern side is raised. Most 
of the faults that dip eastward are reverse faults and, 
being premineral, have economic potentialities.

Fifth, many of the minor faults of the outlying dis­ 
tricts—like parts of the Tucson, Colorado Prince, and 
Bowden faults of the central Leadville district—lie 
very nearly parallel with the bedding as essentially 
flat reverse faults, and are most probably of premineral 
origin. As expected, the related small fissures are 
highly productive in many places. They are structural 
features favorable to the occurrence of ore.

Sixth, in driving for ore, it is best to tunnel toward 
the uppermost beds of the Leadville dolomite. The 
geologic map of the region (pi. 1) will aid in finding 
places where these uppermost beds are cut by fractures 
that may have served as ore feeders. In these places 
exploratory tunneling should be planned, insofar as the 
topography and dip of the rocks will permit, to cross 
the largest number of fissures at right angles in order 
to reduce the cost of drifting in ground that is barren. 
It is generally preferable to tunnel in the upper Lead­ 
ville dolomite rather than in the overlying Weber (?) 
formation, which slabs off badly. Commonly, the early 
White porphyry is likewise a difficult country rock in 
vdiich to drift, especially where it has been slightly 
mineralized. Moreover, effects of mineralization, even 
if slight, are most readily recognized along fissures in 
the dolomite. Raises may then be put up along any 
such promising fissure to the desired zone in the upper­ 
most, most productive part of the Leadville dolomite.

The question of drilling versus exploratory drifting 
furnishes a never-ending argument. Certainly at 
Leadville a narrow vein can best be followed by drift­ 
ing, for it is very likely to pinch out locally with no 
clue as to its direction of continuation except a small 
unmineralized fissure, rarely visible in diamond drill 
cores and wholly unrecognizable in the cuttings of a 
churn or percussion drill. On the other hand, tabular 
deposits of the "contact" or blanket type, such as have 
been reported from the Kenosha and related openings 
near the crest and on the southern slope of Long and 
Derry Hill, are ideal among western lead-zinc ores for 
exploration with the drill. This statement is made with 
a full realization of the economic factors involved in 
deep drilling, the limitations caused by an alpine 
climate, and the problems involved in the interpreta­ 
tion of the drill cores or cuttings.

NORTHERN AREA

North of the central Leadville district the principal 
rocks exposed are sandstone and shale beds of the

Weber (?) formation and sills of the Gray porphyry 
(pi. 1). Surface exploration is not feasible, as ex­ 
posures are poor and there are but few distinctive lime­ 
stones to serve as horizon markers. Detailed geologic 
structure, therefore, cannot thus be deciphered and 
drilling will be necessary to determine the positions of 
any productive beds, especially the Leadville dolomite 
and the Dyer dolomite member of the Chaffee 
formation.

Especially disappointing is the large area extending 
from the Board of Trade mine westward to Canterbury 
Hill. At the surface this area shows scant evidence of 
mineralization, but little could be expected as the sur­ 
face cover consists almost wholly of unfavorable clastic 
beds of the Weber (?) formation. Search will neces­ 
sarily have to be below the surface, and the writer 
considers exploration northward and eastward from the 
Yak tunnel toward the Great Eastern shaft and beyond, 
and also near the Diamond and Resurrection mires as 
most likely to discover ore. Unfortunately, the north­ 
eastward dip of the beds carries the most promising 
zone progressively deeper beneath the Yak level, in­ 
creasing the difficulties of hauling and dewatering if 
ore is found.

MOSQUITO PASS, EVANS AMPHITHEATER, AND SOUTH 
EVANS GULCH

The Mosquito fault and its subsidiaries in this area 
are at least locally mineralized. Careful search along 
them is merited, especially where Leadville dolomite lies 
close to the main Mosquito fault or between two minor 
faults of the Mosquito fault zone, as in the northern 
end of the South Evans Amphitheater and in the floor 
of Evans Gulch half a mile east of the upper Leadville 
reservoir.

In the two areas designated, limestone "slivers 1 ' lie 
between two branches of the main Mosquito fault. The 
larger faults, such as the Mosquito fault, are commonly 
not mineralized because of their general tightness (see 
p. 67), but there are many open crevices and therefore 
favorable localities where (1) minor feather-fractures 
lead off from the main fracture or (2) branches sepa­ 
rate from the main fault and rejoin it farther on. On 
these two criteria, the two areas mentioned hold much 
promise for exploration, especially in view of th Q, ore 
found in the openings 1,000 ft north of the Best Friend 
tunnel and the extensive mineralization along the main 
Mosquito fault at Prospect C-103 south of the Best 
Friend group.

The southerly head of Evans Amphitheater also 
seems to merit careful examination, although showings 
there in the past have not been highly encouraging. As 
in other areas, the most favorable locations are at the 
contact between the Leadville dolomite and the over­ 
lying thin band of Weber (?) formation or the sills of 
porphyry. Of special interest here are minor workings 
about 1,500 ft northeast of the peak of West Dyer
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Mountain (Prospect N-25). These workings have re­ 
vealed considerable barite in the dolomitic country- 
rock, which suggests mineralization of the type found 
in the Continental Chief and Hilltop mines; but the 
workings developed are too low, lying only about 40 
ft above the base of the Leadville dolomite. Important 
fissures were not noted here, but to the northwest there 
are several that strike northeast. Exploratory work 
should be directed into the northern slope of West Dyer 
Mountain. Drifts due west should gain depth, follow 
the top of the Leadville dolomite, and yet cross fissures 
nearly at right angles.

IOWA AMPHITHEATER 
I

The Iowa Amphitheater area is more promising be­ 
cause the rocks are considerably shattered. The Dyer, 
Liddia, and South Dyer faults are major fractures and 
the last two have large displacements. The thrust 
faults on Mount Sherman, on the east wall of the north­ 
ern head of Iowa Amphitheater, are noteworthy also; 
throughout most of its extent each is nearly parallel 
with the bedding planes and locally the walls have been 
mineralized. These thrust faults and the Liddie fault 
contain silver-lead-zinc ore with much barite. The 
high-grade ore produced in the Continental Chief mine 
indicates uncommonly intense mineralization for this 
area. Here, as elsewhere, exploratory mining consists 
of finding one or more northeast-trending mineralized 
fissures, and then raising or sinking along them to the 
top of the Leadville dolomite. Adits and crosscuts 
should be driven as nearly as practicable at right angles 
to the mineralized fissures, which trend N. 40° to 45° E. 
Similar suggestions apply to the vicinity of the Hilltop 
ore body, a mile and a quarter farther south. In that 
area the fissures are parallel in strike with those on the 
west slope of Mount Sherman.

On the northern slope of the northern West Sheridan 
Peak, on the southern slope of East Ball Mountain, and 
at a few other localities small bodies of gold ore have 
been mined. Commonly, they are characterized by 
narrow shear zones which are rusty and perhaps 
quartzose, but they do not contrast strikingly with the 
barren country rock. Mineral deposits of this type lie 
along fissures in pre-Cambrian and Cambrian rocks 
throughout the Mosquito Range. The ore bodies are 
commonly small, and locally very rich. Search for 
similar deposits by small-scale operations is suggested.

PEERLESS AND HORSESHOE MOUNTAINS

Along the crest of the range, from Mount Sheridan 
south to the north slope of Horseshoe Mountain, the ore 
has generally been found in small but productive de­ 
posits at the contact between the Leadville dolomite and 
either the early White porphyry or a highly silicified 
bed which marks the top of the dolomite. The most 
promising places for search are along the fractures

that cut across the beds—fractures such as those near 
the Peerless Mountain and at the pits half a mile north 
of Horseshoe Mountain along the range crest. Espe­ 
cially interesting are the mineralized faults northeast 
of Prospect U-71 and near Prospect CJ-67. The ground 
there resembles that at the Continental Chief and Hill­ 
top mines. At Prospect TJ-67, on Peerless Mountain, 
eastward-dipping Leadville dolomite is overlain by a 
White porphyry sill which may conceal promising 
ground. Fissures should be sought in thQ< exposed part 
of the dolomite and in the overlying sill for productive 
bodies at the contact between the two rocl* units. Pros­ 
pecting is made especially difficult by th« altitude and 
ruggedness of this area; nevertheless, further explora­ 
tion here is merited.

HEAD OF EMPIRE AMPHITHEATER

The territory at the head of Empire Amphitheater 
is less likely to contain ore than the others described, as 
the country rock is chiefly pre-Cambrian granite. Con­ 
siderable prospecting has been done here, mainly and 
misguidedly along pegmatite dikes. Small gold veins 
have been discovered, mostly trending northeast, but 
evidently have not encouraged further prospecting.

EMPIRE GULCH BETWEEN MITCHELL RANCH AND 
EMPIRE HILL

There has been extensive prospecting in the area of 
Empire Gulch between Mitchell ranch and Empire Hill, 
especially along the Mike fault, north of its junction 
with the Union fault. This relatively in accessible area 
is one of the most promising places in the marginal 
Leadville area. The area along the minor faults trend­ 
ing east on the western slope of Empire Hill should be 
prospected. The workings on the Eclipse claim 
(T-151) are of interest because rock in the dump is 
considerably iron-stained and ore reputedly of high 
grade was once mined here. However, ore in place 
is not available as the workings are caved.

The prospects about 1% miles due west of the crest of 
Empire Hill are especially interesting. The Leadville 
dolomite, here beneath a sill of early White porphyry, 
is considerably shattered, not only by faults transverse 
to the strike but also along others, unquestionably of 
premineral age, that are parallel with the strike and 
almost parallel with the bedding planes. The struc­ 
tural situation is thus analogous to that on the north­ 
eastern wall of Iowa Amphitheater. Unfortunately, 
erosion has destroyed all but one small area of the early 
White porphyry caprock. Several "showings" of high- 
grade ore with silver-bearing galena are exposed in 
shallow workings or at the outcrop, but lack continuity.

IOWA GULCH BETWEEN CRESTS OF PRIl^TER BOY HILL 
AND LOWER LONG AND DERRY HILL

The area of Iowa Gulch between the crests of Printer 
Boy Hill and Lower Long and Derry Hill contains the
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Lillian, Eex, and Mansfield workings. Of special prom­ 
ise is the region east of the Mike fault, for this fault is 
known to be of premineral age, and shattered ground 
along it may have provided channels for ore-forming 
solutions. Moreover, the area between the Mike fault 
and the Doris shaft, three-quarters of a mile east, is 
heavily shattered and cut by dikes of the Johnson Gulch 
porphyry, the member of the Gray porphyry group 
generally most closely associated in time and place with 
ore. Apparently a small plug of Johnson Gulch por­ 
phyry, similar to the Breece Hill stock to the north, cuts 
the sill of early White porphyry exposed west of the 
Mike fault. By analogy, fissures in or close to such a 
plug should be favorable for mineral deposits. The ore 
and gangue minerals at the Julia-Fisk and First Na­ 
tional mines reflect the relatively high temperature and 
great intensity of mineralizing processes. A short dis­ 
tance to the north are the once highly profitable work­ 
ings of the Lillian and Steel Spring mines, whose out­ 
puts included unusually large proportions of precious 
metals. The exposures are generally fair, and explora­ 
tion at definite horizons is thus not difficult. The First 
National, Lillian and Steel Spring mines are located in 
the upper part of the Leadville dolomite and the Julia- 
Fisk mine follows a vein that cuts the overlying White 
porphyry and Weber (?) formation. The intensity of 
mineralization, however, justifies prospecting where 
dikes and premineral faults cut the lower formations.

On the south side of Iowa Gulch, the Belcher tunnel 
near the valley bottom and the Kenosha, Diana, and 
Porphyry prospects on higher ground have all been 
productive, at least on a small scale. Their records 
show that pockets of good ore have been mined. The 
Belcher and Kenosha tunnels are in the Manitou dolo­ 
mite and Cambrian beds, the Diana and Porphyry pros­ 
pects are in the upper part of the Leadville dolomite, 
and several prospects to the west are in the lower part 
of the Leadville, Dyer, and Manitou dolomites. Per­ 
haps all the rocks from the base of the Weber (?) for­ 
mation to the top of the pre-Cambrian have been some­ 
what mineralized. Certainly the highly stained silici- 
fied outcrops and the few showings of ore on the 
dumps of the prospects in their vicinity along the crest 
of Lower Long and Derry Hill merit some investi­ 
gation.

The widespread mineralization indicates that the 
margins of the numerous dikes and the traces of the 
many faults that cut the quartzite and limestones on 
both sides of Iowa Gulch deserve careful search for 
more ore.

IOWA GULCH NEAR THE WESTON FAULT

From the Mosquito fault west to the Weston fault, 
the area bounded on the south by Upper Long and 
Derry Hill and on the north by the southern slope of 
Ball Mountain is of great interest. Within or closely

adjacent to it are the Ontario, Hellena, Clear Grit, and 
other properties that were once extensively worked. 
Several of them, notably the Hellena, have yielded rich 
ore. The area from the Hellena mine northward along 
the Hellena vein especially merits exploration. From 
the Hellena mine south this fault was productive, and 
it is known to have extended to the American Conti­ 
nental workings, 600 ft north of the Hellena. As the 
Hellena fault was at least moderately well mineralized 
there, and as its northward continuation may be repre­ 
sented by the productive Sunday vein, exploration be­ 
tween the Sunday and American Continental mines ap­ 
pears to be merited; cover at the surface, however, 
would make underground exploration by test-pitting 
or shallow prospecting necessary. A lateral from the 
Yak tunnel would afford drainage down to approxi­ 
mately the 600-ft level of the Hellena mine. Such a 
lateral would reach the Sunday vein in about 4,500 ft, 
and the vein zone could be explored by drifts for a dis­ 
tance of 3,000 ft as far as the Hellena shaft.

The entire region of Iowa Gulch between the Ball 
Mountain and Hellena faults and north of the Iowa 
fault holds considerable hope for production below 
the Leadville dolomite, but very much water is likely 
to be encountered on any faults below Iowa Gulch. 
This difficulty may perhaps be reduced by preliminary 
diamond drilling, following careful planning.

Another area meriting exploration is that in the 
Leadville dolomite west of the Weston fault, Miere 
search should be directed at possible ore bodies below 
the thick sill of early White porphyry, the bedrocl* that 
underlies the gravel-covered floor of Iowa Gulcl.

MINES AND PROSPECTS 

PLAIT OF DESCRIPTION

The excellent studies by Emmons, Irving, and Lough- 
lin (1&27), contain adequate descriptions of the surface 
geology, the mines, and the prospects of the central part 
of the Leadville district. The current report pictures 
in similar detail the surface geology and mines of the 
outer part of the district, beyond the limits shovai on 
plate 13 of their report.

In this outer area there are probably more than 1,800 
openings. Most of them are but shallow pits, shallow 
caved shafts, or short caved tunnels, which yielded 
little ore and are useful mainly because they furnish 
clues to the bedrock geology, and so are not described 
here. However, the dumps of a few minor inaccessible 
pits and tunnels which reveal ore minerals or other fea­ 
tures encouraging to prospectors, are briefly described. 
Still others, such as the Hilltop Mine, are credited with 
a substantial output and may again become productive; 
though inaccessible, such mines are described as fully as 
is feasible on the basis of data collected from former 
operators and miners. Finally, several larger mines, 
and also the few smaller prospects that were in oper-
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ation or at least accessible at the time of these studies, 
contain ore or exhibit the relations of ore bodies and 
are therefore described in considerable detail.

To facilitate finding the places, the large map (pi. 1) 
has been divided into sections on the basis of latitude 
and longitude. These sections are designated by let­ 
ters. In each section the separate openings, or groups 
of openings where individual pits and tunnels lie close 
together, have been numbered. In general, the num­ 
bers begin in the upper left corner of each section, 
progressing toward the lower right. Any mine may 
thus be found by reference to its letter and number on 
this grid. The names of certain prominent mines ap­ 
pear on the map.

The descriptions of the mines of the marginal dis­ 
tricts are arranged in geographic groups, as, for ex­ 
ample, the Canterbury Hill group. Mines of the north­ 
western part of the mapped area are described first— 
then those of the northeastern, southeastern and south­ 
western parts.

Only a few mines in the central part of the Leadville 
district (shown on plate 13 of Professional Paper 148) 
that have been opened or greatly extended since 1927, 
are re-described. For convenience the original num­ 
bers of plate 13 are retained for mines of the central 
Leadville district, but the sections are lettered differ­ 
ently to make them consistent with sections of the mar­ 
ginal part of the district.

OUTLYING LEADVILLE AREA 

CANTERBURY HILL

Very few mines or prospects on Canterbury Hill are 
now accessible, and the geology must be largely inferred 
from early reports and from the surface exposures. It 
is clear that the Mikado fault reaches the southwestern 
slope of Canterbury Hill, but it appears to be broken 
and repeatedly offset by branches of the later Pendery 
fault. Such branches were not recognized with cer­ 
tainty by Emmons, Irving, and Loughlin (1927), but 
the irregularities in outcrop pattern of the Leadville 
dolomite between the Chicago Boy mine and the Old 
St. Louis shaft cannot be explained satisfactorily un­ 
less faulting is postulated. Because the actual struc­ 
tural relations are not clear, faults and formation 
boundaries are indicated by dashed rather than by solid 
lines on the map (pi. 1).

A thick sill of Johnson Gulch porphyry overlying 
the Leadville dolomite crops out over much of the 
southern slope of Canterbury Hill. Stratigraphically 
above this sill and northeast of it are alternate thick 
beds of grits, thin shales, moderately thick limestones 
of the Weber (?) formation, and sills of Gray porphyry 
of various types; these rocks form the southwestern 
slope of Prospect Mountain. Shallow prospects in this 
region are not likely to show ore, as the Weber (?)

formation shows little, if any, mineralization in the 
marginal part of the Leadville district.

There are only two important groups of workings on 
Canterbury Hill—the Canterbury tunnel (No. A-l) 
and the several workings of the Old St. Louis-Priiice- 
ton-Little Blonde group, situated within 2,000 ft to the 
south and southwest of the Old St. Louis shaft.

CANTERBURY TUNNEL

The Canterbury tunnel (No. A-l), a community 
project intended to explore the land between Canter­ 
bury Hill and the Ibex mine and to drain the deeper 
workings of Breece Hill, was begun in 1921. It ex­ 
tends 4,170 feet in a S. 62° E. direction. Since 1926 
no work has been done on it. A plan and section of 
the tunnel are given on plate 11. Starting in glacial 
and alluvial material, it enters altered porphyry 1,150 
ft from the portal and for 300 ft exposes alternations 
of grits of the Weber (?) formation and porphyry. At 
1,450 ft from the portal it crosses a major fault, beyond 
which it cuts successively the Peerless formation, the 
Parting q,uartzite and Dyer dolomite members of the 
Chaffee formation, and the Leadville dolomite; the 
Manitou dolomite is faulted out and the relations among 
the other formations are complicated by repeated fault­ 
ing. Still farther southeast, a small anticline has 
brought Parting quartzite to the tunnel le^el, then Dyer 
dolomite and Leadville dolomite as the beds dip south­ 
east on the southern limb of the fold. Approximately 
3,200 ft from the portal the Canterbury tunnel crosses 
a conspicuous fault, probably the main F^ndery fault, 
to judge from its position in the new deep-drainage tun­ 
nel driven in 1945. This fault strikes N. 70° E. and dips 
75° NW., in contrast to its strike of N. 35° E. and dip 
of 67° NW. in the new tunnel. Beyond it the tunnel 
crosses Cambrian quartzite and small down-faulted 
blocks of the Peerless formation. Near the face of the 
tunnel the beds dip east to northeast, and this dip, 
coupled with a small fault, brings limestone to the level 
of the tunnel. The identity of this limestone is in 
doubt, some observers regarding it as Dyer or Lead­ 
ville dolomite, but both its lithologic character and its 
position next to the Peerless formation favor its identi­ 
fication as Manitou dolomite.

Economically, this tunnel has been disappointing. 
Some high-grade ore in small bodies is said to have been 
found long ago in the Roseville (No. A-3) and Min­ 
neapolis (No. A-6) shafts before the tunrel was begun. 
Ore was found in the tunnel only at abont 2,720-2,780 
ft from the portal. The ore is in the margins of small 
fissures striking N. 55° to 80° E. and N. 60° W., and 
dipping variously. The northwest-striking fissure, ex­ 
posed in a crosscut northeast of the tunnel line, has been 
the site of a little stoping. Most of the mineral matter 
here is barite that has replaced limestone bordering the 
fissure. A very small amount of galena that contains
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some silver is associated with the barite. A raise of 
146 ft was put up 50 ft northeast of the tunnel, but 
no ore was found. Samples of ore, selected because 
relatively rich in sulfides, assayed 13 to 14.5 percent 
lead, 2.5 to 4.5 percent zinc, and 14 to 16.5 ounces of 
silver to the ton (Dickerman, personal communication, 
1936). The limestone in the face of the tunnel, how­ 
ever, contains disseminated sulfides said to carry as 
much as 100 ounces of silver to the ton (Cortellmi, per­ 
sonal communication, 1934), though the average con­ 
tent is 10 ounces of silver together with a small amount 
of zinc carbonate.

It thus appears that the Canterbury tunnel has so far 
not proved to be an encouraging venture. There is no 
evidence that any of the major premineral faults 
hitherto recognized intersect the tunnel. Surface map­ 
ping on the southwestern slope of Prospect Mountain 
(where the rock exposures are poor) indicates that an 
additional 6,300 ft of tunneling will be necessary to 
reach the Weston fault. However, there are two favor­ 
able indications. One is the presence of extensively 
mineralized ground along a line of prospects extending 
N. 35° E. up the southwestern slope of Prospect Moun­ 
tain from a point about 2,000 ft east of the face of the 
tunnel. If results of further investigation are encour­ 
aging, extension of the tunnel beneath the prospect 
holes should be considered, as the top of the Leadville 
dolomite may not be far from tunnel level. The other 
favorable indication is the presence of oxidized ore rich 
in silver in the Pawnolos (No. F-6), shaft, as reported 
by E. P. Chapman (Personal communication, 1938). 
It occurs near the projected course of the east branch 
of the Iron fault, presumably along premineral fissures. 
The east branch of the Iron fault should be intersected 
about 1,000 ft beyond the Weston fault.

OLD ST. LOUIS SHAFT AND NEARBY WORKINGS

The sequence of rocks on the southwestern slope of 
Canterbury Hill near the Old St. Louis shaft (No. A- 
54) was outlined by Emmons in 1886 (p. 223). A thick 
sill of Johnson Gulch porphyry (the Gray porphyry 
of Emmons) overlies about 30 feet of early White 
porphyry. Below it is Leadville dolomite; this and 
older formations are exposed only locally in the region 
northwest of the Chicago Boy mine. The Leadville 
dolomite in this vicinity underlies a thick porphyry sill, 
a condition generally favorable, but there is little evi­ 
dence of premineral faults which might have admitted 
ore-forming solutions. Moreover, the rocks here are 
poorly exposed and the favorable Leadville dolomite 
lies mostly under so thick a cover that it cannot be 
explored from the surface.

A feature of interest is the extensive silicification of 
the Leadville dolomite where it crops out north of the 
Chicago Boy mine. Here, presumably near the inter­ 
section of the Mikado fault with the several branches 
of the Pendery fault, the dolomite is brecciated, deeply
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iron-stained and silicified. This alteration is exempli­ 
fied near the Little Blonde (No. A-85) and Princeton 
(No. A-84) tunnels. These facts alone suggest that 
this part of the Mikado fault was premineral near the 
larger, postmineral faults. It is also possible that small 
premineral faults were localized here but have 110+ been 
recognized in the relatively sparse outcrops. Perhaps 
in this part of its course the Mikado fault is parallel 
to an older premineral fissure, as in the similar case 
in Graham Park (Emmons, Irving, and Loughlin, 1927, 
p. 92).

Some mines near here are said to have supplied ap­ 
preciable quantities of native silver, apparently from 
oxidized ore, but only small amounts of sulfides are 
found in place today. This type of altered and min­ 
eralized ground extends a thousand feet east, north, 
and west, from the two mines mentioned. The silici­ 
fied limestone is clearly restricted to the faulted areas 
and not to the contact between limestone and porphyry. 
Similar ore from the silicified upper part of the Lead­ 
ville dolomite in the Evelyn mine in Graham Park (No. 
J-122), contained 8 to 9 ounces of silver to th°i ton 
(Chapman, personal communication) ; but generally 
beds that contained sulfides and constituted a good 
grade of ore where unsilicified declined abruptly in 
value where silicified. In such cases silicification ap­ 
parently antedated ore deposition and converted the 
hitherto soluble limestone, favorable for ore, into an 
insoluble, difficultly replaced, and densely crystalline 
rock.

PROSPECT MOUNTAIN

Almost all of the rock exposed on Prospect Moun­ 
tain is of the Weber (?) formation, which consists of 
grits and sandstones with smaller quantities of shale 
and thin-bedded limestone. The limestones, which con­ 
trast sharply with the rest of the strata and can be 
traced for a mile or more along the outcrop, are espe­ 
cially valuable as guides to the structure.

In addition to the Weber (?) formation, and the Lead­ 
ville dolomite (which is exposed by faulting in a small 
area along shallow workings near the Uncle Sam shaft) 
the surface formations consist of several sills of por­ 
phyry belonging to the Gray porphyry group and one 
thin sill of early White porphyry. An especially con­ 
spicuous sill of Johnson Gulch porphyry with char­ 
acteristic large phenocrysts of potash feldspar sepa­ 
rates the uppermost Leadville dolomite from the lowest 
grits of the Weber (?) formation. A porphyry sill of 
the Evans Gulch type, 50 ft thick, forms a large 
outcrop in the Lake Isabelle basin, southeast of Pros­ 
pect Mountain; the extent of this outcrop results, not 
from the exceptional thickness of the sill, but rather 
from the chance parallelism of the sill and the surface 
of the ground. It is significant that no dikes Avhat- 
ever are known in the area. A pipe of rhyolitic ag-
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glomerate, first found by R. T. Walker in a west crosscut 
from the Resurrection mine and later recognized by him 
at the surface, underlies the basins of the two small 
lakes northwest of the Resurrection mine.

There are faults of small displacement on Prospect 
Mountain but complete details are not known because 
exposures are poor. A continuation of the Winnie- 
Luema fault (which is mineralized farther south) ex­ 
tends slightly west of north from Little Evans Gulch 
for about 2,500 ft up Prospect Mountain. The Weston 
and Iron faults should intersect near Little Evans 
Gulch, as mapped. The Weston fault is mineralized 
farther south but the Iron fault is generally believed 
to be postmineral. The smaller faults on the sides of 
the amphitheater in which Lake Isabelle is situated do 
not appear to have favored mineralization. Two ap­ 
parently unmineralized faults that seem to be related 
to those of the Pendery system are exposed at the west 
end of the south slope of Prospect Mountain.

Very few shafts and pits on Prospect Mountain, south 
as far as Little Evans Gulch and west to Canterbury 
Hill, are more than 75 ft deep. Most of the tunnels 
are short and, as the dips of the rocks are generally 
slight, do not expose very thick stratigraphic sections. 
The Weber (?) formation and the 250-ft sill of John­ 
son Gulch porphyry beneath it are equally unfavorable 
to mineralization; shallow holes on Prospect Mountain 
where these are the dominant surface rocks clearly of­ 
fer little promise. The limestone beds within the 
Weber (?) formation are not thick enough nor suffi­ 
ciently fractured to have been the places of large-seale 
mineralization. The only indications of mineraliza­ 
tion, even in lower zones, are: the fairly general 
bleaching of the porphyry sills; the local silicificatioii 
of some shale of the Weber (?) formation—for example, 
along the northeast-trending line of prospects (Nos. 
B-27, B-29, B-30, B-53, and B-52) that lies about 
2,000 ft southwest of the crest of Prospect Mountain; 
and the small deposits of alteration minerals, such as 
epidote, found in lenses of limestone of the Weber (?) 
formation, which are exposed in several small tunnels, 
notably No. B-75, about 1,500 ft S. 65° E. from Lake 
Isabelle.

The striking alignment of two groups of prospects 
on the southwestern slope of Prospect Mountain sug­ 
gests the presence of mineralized fractures. One group 
was mentioned above and the other (Nos. A-14, A-15, 
A-17, A-18, A-24, A-25, and A-26) extends along the 
gulch that separates the crest of Canterbury Hill from 
the western spur of Prospect Mountain. However, 
evidence obtained on the dumps is insufficient to prove 
that either line is located on a mineralized fissure, de­ 
spite the arrangement which so strongly invites that 
interpretation.

UNCLE SAM SHAFT

The Uncle Sam shaft is no longer accessible. Em- 
mons (1886, p. 260) describes it as 420 ft deep, passing 
through a very thin body of early White porphyry and 
penetrating successively the Leadville dolomite, the 
Dyer dolomite and Parting quartzite members of the 
Chaffee formation, the Manitou dolomite, and probably 
the Peerless formation. The Uncle Sam tunnel nearby 
penetrates only the Johnson Gulch porphyry, which is 
the surface rock. Nothing is known of the history of 
operations.

GREAT EASTERN SHAFT

The Great Eastern shaft, 1,500 ft south-southeast of 
Lake Isabelle, must have been a large oj eration—sev­ 
eral buildings are still in place, and there is evidence 
of a campaign of exploration involving extensive core- 
drilling. It is said that the shaft is 116 ft deep and 
that a drill hole below it extended 500 ft more. Old 
maps show a small amount of drifting northeastward 
from the bottom of the shaft. Little else could be 
learned of its history, except that a well-defined "con­ 
tact" deposit, 5 ft thick, was found at the bottom of 
the shaft; the contact is in the grits of the Weber(?) 
formation and dips in general southward parallel to 
the beds at an angle of 25 degrees. Assays showed 
small amounts of precious metals, especially silver, in 
oxidized ores rich in manganese and iron. The dump 
of this shaft reveals fine-grained porphyry of the Evans 
Gulch type, considerably bleached and silicified, and 
also a small amount of breccia of the same rock, greatly 
stained with iron and manganese oxides. As the drill 
cores found at the shaft collar are of Evans Gulch 
porphyry, it is inferred that this porphyry and 
Weber (?) strata extend to a depth of 616 ft below 
the surface.

BOARD OF TRADE AMPHITHEATER

The Board of Trade Amphitheater offers hope only 
for deep workings. No important faults are known to 
occur in it and the surface rocks are sills of the Evans 
Gulch and Lincoln porphyries and grit and shale beds 
of the Weber (?) formation with thin intercalations of 
limestone, locally a little silicified. Several shafts and 
shallow pits, none more than 100 ft deep, have been 
sunk in the bottom of the amphitheater. Some short 
tunnels have been driven into the steep slopes below the 
mouth of the amphitheater and also in the west wall.

It is not likely that ore can be developed under these 
openings merely by continuing the Yal* tunnel 'in a 
N. 30° E. direction. As the beds dip eastward, and as 
the level of the Yak tunnel (at an altitude of about 
10,430 ft) is above the top of the Leadville dolomite at 
the Diamond mine farther south, extension of the tun­ 
nel northeastward to a place near the Board of Trade 
Amphitheater would cut progressively higher strata 
and correspondingly less favorable rocks, stratigraphi-
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cally well above the top of the Leadville dolomite (sec. 
A-A', pi. 2). This conclusion was suggested by Em- 
mons, Irving, and Loughlin (1927, pi. 14) and is amply 
borne out by the studies here reported.

BIRDSEYE GULCH AND ADJACENT SLOPES 

HEAD OP BIRDSEYE GULCH

The Mosquito fault extends northward from the 
north branch of Evans Amphitheater into the head of 
Birdseye Gulch, along the western slope of the range. 
The escarpment along that slope is virtually a fault 
scarp with the lower part of the Paleozoic section ex­ 
posed on the upthrown side of the fault. East of this 
escarpment there are several distributive faults, ap­ 
proximately parallel to the Mosquito fault and some­ 
what similarly mineralized. No faults that might offer 
encouragement to vein mining are known west of the 
Mosquito fault near the head of Birdseye Gulch and 
mining would have to be carried to depths correspond­ 
ing to an altitude of about 10,200 ft, where the top of 
the Leadville dolomite would be reached. Mining at 
such a depth would involve a long extension of the Yak 
tunnel and the sinking of winzes for 230 ft or more be­ 
low the tunnel level; or the sinking of shafts to depths 
of 1,600 ft or more, depending upon their location.

It is reported that at some prospects at the very head 
of Birdseye Gulch, small fissure veins in the grits of the 
Weber (?) formation contain some gold (Youe, per­ 
sonal communication, 1929).

LITTLE CORINNE AND NEARBY PROSPECTS

In an area east of Birdseye Gulch on the western 
slope of the Mosquito Range, and northeast of the area 
shown on the main geologic map (pi. 1) there are the 
Little Corinne and several other small mines and pros­ 
pects ; all except one of them have been abandoned (fig. 
74). They are of interest because they lie between the 
Mosquito and London faults, and near their junction. 
Both of the faults—especially the London—are miner­ 
alized to the south. The writer spent two days study­ 
ing the western slope of the range just west of Mos­ 
quito Mountain and prepared a geologic map of the 
area. Much of the crest of the range west of the Lon­ 
don fault is covered with rubble and therefore the ge­ 
ology must be inferred. No topographic map was avail­ 
able and locations are approximate. A claim map was 
kindly furnished by Mr. F. J. McNair of Leadville.

The Little Corinne mine, on the northern slope of 
Mosquito Mountain, was developed by two tunnels on 
the Little Corinne claim; the upper was near the top of 
the Leadville dolomite, the lower in Manitou dolomite. 
Both are now abandoned. The country rock is in­ 
tensely shattered and the Leadville dolomite is consid­ 
erably stained by iron oxides and copper carbonate. 
The mining properties lie in a triangle formed by the 
main London fault, an intersecting fault to the west,

and a fault trending east which forms the southern 
border of the triangle. The Little Corinne mine is 
said to have been highly productive, but records of 
shipments are not available.

Several adits have been driven eastward from the 
western slope of Corinne and Mosquito Mountain?, but 
generally they do not follow fissures. The adits trend 
northeast to east, whereas the three faults recognized 
on the surface west of the London fault trend south­ 
east, as shown on figure 74. A caved adit on the Gov­ 
ernor claim evidently started with an east-northeast 
trend, then followed the accessory thrust fault thr.t lies 
west of the London fault; material from this accessory 
fault is represented on the dump by breccia cemented 
with pyrite and siderite.

The Killarney adit, southernmost of four openings 
on the Prince Frederick claim, has a course generally 
eastward through Leadville dolomite and a sill of rock 
belonging to the Gray porphyry group. About 640 ft 
from the portal the adit passes through upturned west­ 
ward-dipping beds that may be indicative of drag along 
the same thrust fault as that followed by the Governor 
tunnel, or perhaps along the London fault itself. This 
adit had been extended intermittently for about 10 
years previous to 1930 but cut neither the faults nor any 
ore bodies.

EVANS AMPHITHEATER

North of the point where the Mosquito fault crosses 
the saddle between West Dyer Mountain and Little 
Ellen Hill it follows a north-northeasterly course across 
Evans Amphitheater. There is but little faulting on 
the west or downthrown side, though one accessory 
fault lies subparallel to the major fault plane. The 
rocks exposed are the clastic beds of the Weber (?) for­ 
mation with a few thin limestone strata and sills of 
Lincoln, Evans Gulch, and Johnson Gulch porphyries. 
Thrusting from the east has sharply upturned the 
Weber (?) strata against the Mosquito fault and has 
apparently broken away and dragged up a mass of 
Leadville dolomite, bounded on the west by the acces­ 
sory fault. This fragment is nearly 1 mile long and 500 
ft wide. East of this fragment, and also farther north 
and south along the outcrop of the Mosquito fauK the 
rock succession on the upthrown side is fairly regular, 
with the beds dipping generally east or southeast, as 
shown in the head and in the eastern wall of the TVans 
Amphitheater (fig. 75). Pre-Cambrian rocks f orm the 
eastern wall of the fault and farther east the strata ex­ 
posed include all formations up to the grits and shales 
of the Weber (?) formation, which cap the crest of 
Mount Evans. This upthrown side is broken by several 
faults having strikes similar to that of the Mo^uito 
fault. Only one fault of this group has a throw of as 
much as 100 ft. The dips of only a few of the fault 
planes are determinable. Generally the westerr side 
is downthrown, as also along the Mosquito fault.
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EXPLANATION

Base from claim 
by F. H. McNair

FIGTJEE 74.—Map showing geology near Killarney and Little Corinne workings. In part after F. H. McNair.

Four groups of prospects in Evans Amphitheater 
merit description. They are the Daisy-Kemble group, 
the Miller group, the Best Friend group, and the group 
of prospects and mines at the southern head of the 
Evans Amphitheater.

DAISY-KEMBLE GROUP

At the extreme northern end of the Evans Amphi­ 
theater the several faults with strikes of N. 15° to 50° 
E. are subordinate, locally show much drag of the ad­ 
jacent beds, and are apparently related to the great 
Mosquito fault. They are clearly exposed near a group

of prospect tunnels and shafts (Nos. C-59, C-60, C-61, 
and C-62) situated between the 12,250-ft and 12,500-ft 
contours. The short tunnels, now largely caved, were 
driven into the hillside along the zones of shattered, 
iron-stained rock bordering the faults.

The easternmost tunnel of the group (No. C-60), 
situated on the Kemble claim, is 150 ft long and has 
a shallow shaft near its end. The rock penetrated is 
bleached Dyer dolomite a short distance above the Part­ 
ing quartzite. The tunnel apparently follows a fissure 
striking N. 25° E.; along it there has been a small
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have been sunk to depths of 100 ft or less in brecciated 
granite, pegmatite, and schist. On one of the dumps 
there are much coarsely crystalline dolomite and small 
quantities of pyrite and sphalerite. Apparently the 
shafts were sunk along a fault fissure, here trending 
N. 40° E., that is continuous with that of the Daisy
mine.

MILLER GROUP

FIGURE 75.—Floor and walls of southern head, Evans Amphitheater; 
rock glacier in left middle distance; laccolithic sill of Dyer Mountain 
in background ; note later white porphyry dike (Tlw) in saddle and, 
Ts, Sacramento porphyry in Dyer Mountain; Tew, early White pory- 
phyry ; -C, Cambrian ; Om, Manitou dolomite ; Dp, Peerless shale ; Ddf 
Dyer dolomite ; Cl, Leadville dolomite ; Gw, Weber ( ?) formation.

amount of stoping. About 50 ft higher is a short adit 
just east of the fissure; at its portal the beds of Dyer 
dolomite are dragged sharply up along a fault whose 
west wall is upthrown.

The workings of the Daisy mine (No. C-62), 800 ft 
northwest of the Kemble tunnel, are caved, but ap­ 
parently are along a small fault trending northeast 
in the upper part of the Dyer dolomite.

Three shafts (No. C-59), situated at an altitude of 
12,050 ft and 110 ft S. 35° W. from the Daisy tunnel,

Along the western flank of Evans Mountain and on 
the cliffs rising to that peak there are numerous small 
tunnels and shafts or pits, none of which has yielded 
appreciable quantities of ore. Several tunnels that 
have been driven in the Dyer dolomite and the Lead­ 
ville dolomite are the most promising.

The northernmost opening of the group (No. C-74, 
north adit) is situated about 1,500 ft south of the Daisy 
mine. It represents some 300 ft of workings in the 
Gray porphyry group and early White porphyry and 
Dyer dolomite (fig. 76). The structural relations are 
complicated by several minor faults that do not reach 
the surface, but are seen to strike north or northeast 
in the adit. The faults generally have the west side 
dropped and are only weakly mineralized, containing 
mainly coarsely crystalline dolomite.

About 1,500 ft south of opening C-74 are two other 
openings (No. C-91) ; only Miller's adit, the lower of 
them, is accessible (see fig. 77). It is driven chiefly 
just below the contact between the Peerless formation 
and the Sawatch quartzite (and at a lower altitude than

EXPLANATION

Early White porphyry (dike)

Intrusive contact

Fault, showing dip

_______ 90

Vertical fault, dashed where inferred 
U, upthrown side; D, downthrown side

Strike and dip of beds

FIGURE 76.—Geologic map of prospect C-74, Evans Amphitheater.
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Fault or fissure, showing dip 
. so V

Vertical fault or fissure
_lls 

Strike and dip of beds

FIGURE 77.—Geologic map of Miller's adit. Note dominance of faults 
with northeast trend.

no. C-74) (fig. 77). Like C-74, Miller's adit has re­ 
vealed numerous small northeastward-trending faults 
that are vertical or dip steeply west and generally have 
the west side down-thrown. They are not mineralized 
and, except for a small amount of fluorite found on 
the dump, there is little here to encourage prospecting. 
Work here was carried on in 1927-30.

South of the above prospect several tunnels on the 
western slope of Mount Evans seem to have courses 
about due east along a series of joints or small faults. 
No evidence of mineralization remains, but it is said 
that several of these fissures contained very small but 
rich pockets of native gold.

BEST FRIEND GROUP

Many attempts have been made to explore the main 
Mosquito fault in its course across the Evans Amphi­ 
theater. The prospects are here grouped together al­ 
though they lie on several properties.

The northernmost of the openings, an isolated tun­ 
nel (No. C-77), is in the pre-Cambrian rocks just east 
of the Mosquito fault. Here brecciated schist forms 
the walls of a subsidiary fissure about 200 ft east of 
the probable location of the fault. The breccia is ce­ 
mented by pyrite and galena, and is somewhat copper- 
stained. A shaft is located close to this tunnel.

About 1,500 ft southwest of this tunnel is a group 
of workings (No. C-80) which comprises three shafts 
and an adit. The adit (fig. 78) follows a northeasterly 
vein and fault contact that dips 75° SE., and has 
brought pre-Cambrian schist on the northwest against 
granite on the southeast; the walls of the fault are lo­ 
cally silicified, and bear strong vertical striae. Kocks on 
the dump of this and the neighboring shafts are some­ 
what epidotized, silicified, and iron-stained, and contain 
a little pyrite; a few pieces of granite contain vugs lined 
with sphalerite. These workings are said (John Har­ 
vey, oral communication, 1939) to have yielded ore con­ 
taining 100 to 200 ounces of silver and 0.40 ounce of 
gold to the ton, presumably from the vein mentioned.

PORTAL

50 Feet

Strike and dip of foliation

FIGURE 78.—Geologic may of prospect C-8Q.

The Best Friend tunnel (No. C-88), now caved, is 
said to be 300 ft. long and to trend south-southwest, 
evidently along the Mosquito fault. Its dump con­ 
tains fragments of Leadville dolomite and grit of the 
Weber (?) formation from the downthrown wall of the 
fault and of pre-Cambrian granite from the opposite 
wall. There is a little mineralized material containing 
pyrite and chalcopyrite, but no massive ore could be 
found on the dump. This tunnel is said to have dis­ 
closed pockets of high-grade ore in the fault. Previous 
to 1893, the operators are reported to have mined ore 
valued at $100,000, chiefly gold but also considerable 
silver (Harvey, oral communication, 1939).

A short distance east are two shallow shafts and a 
tunnel (No. C-89). The tunnel is in pre-Cambrian 
granite east of the fault. It shows no fissure, but both 
shafts, now inaccessible, have on their dumps fragments 
containing veinlets of galena, sphalerite, pyrite, and 
chalcopyrite crustified upon earlier quartz. In general 
the mineralized rock occurs along a small fissure ap­ 
proximately parallel to the main Mosquito fault; there 
is, however, no good evidence of such a fissure in the 
scattered surface outcrops of granite.

About 1,200 ft southwest along the trace of the Mos­ 
quito fault are a shaft and two small pits (No. C-103). 
The depth of the shaft is estimated to be 85 to 100 ft. 
The dumps here contain heavily mineralized granite, 
with vugs containing siderite, quartz, and pyrite, with 
a little sphalerite and some galena. Crustified vein- 
lets prove that the pyrite was earlier than the siderite. 
This operation is said to have yielded $100,000, chiefly 
in gold and silver (Harvey, personal communication, 
1938).

PROSPECTS AT HEAD OF EVANS AMPHITHEATER

One shaft and two tunnels with an adjoining cabin 
(No. N-24) are located at an altitude of 12,200 ft at 
the head of Evans Amphitheater. All the develop­ 
ment work was done in the Peerless formation and hence 
is not well located for discovery of ore.
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About 800 ft south of the cabin of Prospect N-24, 
on the northern slope from the saddle connecting West 
Dyer and Dyer Mountains, are three tunnels (No. 
N-25) driven in the upper part of the Dyer dolomite 
or just above it. Barite is disseminated in the lime­ 
stone country rock and fills small fissures. The min­ 
eralization resembles that in the Continental Chief 
mine (pp. 133-136) and seems to justify more careful 
prospecting, especially at a higher horizon.

LITTLE ELLEN HILL AND ADJACENT PARTS OF EVANS
GULCH

Sills of various porphyries of the Gray porphyry 
group alternating with beds of the Weber (?) forma­ 
tion are exposed on Little Ellen Hill. The Mosquito 
fault passes between Little Ellen Hill and West Dyer 
Mountain (fig. 79). On the southern slope of Little 
Ellen Hill and the northwestern slope of West Dyer 
Mountain the beds of the downthrown block are 
dragged up so sharply that their dips are generally as 
high as 55° and locally 70°. Elsewhere, however, the 
structure is gentle and the beds dip gently eastward or 
northeastward. This gentle dip of the rocks is also 
seen in Evans Gulch, between the Board of Trade Am­ 
phitheater and Little Ellen Hill, and here, too, the sur­ 
face rocks are grits and shales of the Weber (?) forma­ 
tion and sills of rocks of the Gray porphyry group, 
continuous with those of Little Ellen Hill.

PUZZLER GROUP

The Puzzler group of prospects (Nos. C-117, C-118, 
and related openings) and the Diamond mine are the 
principal workings of economic interest on Little 
Ellen Hill and the adjacent parts of Evans Gulch. 
These workings disclosed lenses of slightly silicified 
limestone in the Weber (?) formation. The Leadville 
dolomite, however, lies too deeply buried to be readily

FIGURE 7 '.— Trace of mineralized Mosquito fault near the south head 
of Evans Amphitheater, looking southwest. Barren Weber (?) forma­ 
tion (Cw) and Tertiary porphyry (Tge) exposed on Little Ellen Hill 
over the potentially productive Leadville dolomite, which passes be­ 
neath the valley to the right. Rocks exposed on slopes of West 
Dyer Mountain include the Leadville dolomite (Cl), early Paleozoic 
formations (P), and pre-Cambrian rocks (p-C).

accessible from the surface, and the limestones of the 
Weber (?) formation are not sufficiently mineralized 
to justify exploration.

The Izzard (No. M-14) and other mines just south­ 
west of the Puzzler group, are outside the area here 
described and also inaccessible, but they may indicate 
the nature of mineralization at depth in the Puzzler 
and related claims. Lessees working in these mines 
discovered many small fractures, along which ore has 
replaced Leadville dolomite below the basal shale of 
the Weber (?) formation (John Harvey, oral communi­ 
cation, 1939). As suggested to the writer by E. P. 
Chapman, the Puzzler area thus gains in interest, and 
the geologic conditions appear to justify further ex­ 
ploration at depth.

DIAMOND MINE

According to data assembled by E. P. Chapman (Per­ 
sonal communication, 1936), the Diamond mine (No. 
D-2) was opened in mineralized ground that may be 
regarded as a single, almost continuous shoot extend­ 
ing northward from the Little Ellen incline (No. M-9) 
to the Diamond mine. This shoot was a "contact" body 
at the top of the Leadville dolomite, here covered by 
a sill of early White porphyry about 100 ft thick (Em- 
mons, Irving, and Loughlin, 1927, pi. 15). As mining 
was carried progressively farther north, past the Re­ 
surrection No. 2 shaft and into the Diamond claim, 
the northeasterly dip of the beds compelled progres­ 
sively deeper mining, largely below the level of the 
Yak tunnel. This in turn necessitated hoisting through 
several winzes; moreover, it is said that pumping, 
handicapped as it was by the indirect course of the 
openings, became expensive, although it amounted to 
only 350 gallons per minute. These factors, together 
with a decrease in the size of the ore body, finally 
brought an end to the operations about 1917. The ore 
mined was apparently ferruginous, largely oxidized, 
and rich in lead. Some ore was found in the Manitou 
dolomite, but it was more siliceous, contained consider­ 
able zinc and less lead, and was but little oxidized.

The area northeast of the Diamond shaft may justify 
further exploration, but this exploration would have 
to be carried on below the level of the Yak tunnel 
and, almost certainly, large volumes of water would be 
encountered. Exploratory deep drilling might be suc­ 
cessful but it would have to be carried to depths of 
1,000 ft at the Diamond shaft, with an increase in depth 
of about 120 ft for every 500 ft of horizontal advance 
northeast of that shaft.

BALL MOUNTAIN AND SOUTH EVANS GULCH

North of the spur connecting East Ball Mountain 
with Ball Mountain, the geology is relatively simple. 
The conspicuous features here are the Mosquito fault 
and several somewhat similar and subparallel faults 
in the head of South Evans Gulch. A block exposing
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parts of the Leadville and Dyer dolomites and part of 
a sill of early White porphyry lies between the Mosquito 
fault to the east and a subsidiary fault to the west; 
this block is noteworthy for its similarity to the one west 
of the Best Friend mine (p. 126).

South and southwest of the saddle at the head of 
the Alps Gulch the structure is more complicated. The 
main Ball Mountain fault extends north-northwestward 
from Iowa Gulch, crossing Ball Mountain just a little 
west of its crest. Its course is marked by a highly 
silicified and altered breccia zone, in places attaining 
a width of as much as 300 ft. East of it are several 
minor subparallel faults. On the eastern slope of Ball 
Mountain, east of the minor faults, an eastward pitch­ 
ing anticline with axis trending about N. 80° E. is cut 
along its crest and on its north limb by numerous dikes 
of Johnson Gulch porphyry. In vertical sections at 
right angles to the axis of the fold, these dike frac­ 
tures radiate outwrard from the central part of the fold 
and are chiefly on the crest of its northerly, more gently 
dipping limb. Two faults north of the fold trend 
northeastward in the direction of Alps Gulch, but sur­ 
face evidences of their northward extension are lost 
in the Weber (?) formation near the middle of the 
gulch. Along its southern limb also the anticline is 
broken by a fault that dies out northeastward toward 
the Mosquito fault.

Within the boundaries of the area here described, 
three blocks of ground are of possible economic interest. 
One is in the group of prospects near U. S. Land Monu­ 
ment Alpha (Prospects N-80 and N-82) another is 
about 1,500 ft farther north near Prospects N-62 and 
N-68, adjacent to subsidiary faulting on the Defiance 
and nearby claims; the third is near the Way Up No. 1 
claim, in the region of Prospect N-17, in the block of 
"Blue" limestones between the Mosquito fault and the 
subsidiary fault that passes northeast of the notch be­ 
tween East Ball and Ball mountains.

PROSPECTS NEAR V. S. LAND MONUMENT ALPHA

The prospects and shafts (Nos. N-78, N-81, N-82, 
N-90, N-128, and O-129) east of the Ball Mountain 
fault near Land Monument Alpha are of interest be­ 
cause of their stratigraphic and structural position. 
Several are near the contact between the Leadville dolo­ 
mite and the overlying thick sill of early White 
porphyry. All are within 1,000 ft of the great Mosquito 
fault, along which mineralizing solutions rose and 
formed the ore deposits of the Best Friend and other 
mines in the more northerly part of the Leadville dis­ 
trict. Although conditions are similar in this area, no 
surface evidence of mineralization was found, perhaps 
because of the absence of fractures other than the Mos­ 
quito fault itself along which mineralizing solutions 
could rise, and possibly because the quantity or con­

centration of the solutions rising along the fault was 
less here than farther north.

The Mosquito fault is premineral in this area. A 
caved tunnel (No. N-128) situated about TOO ft east- 
southeast from U. S. Land Monument Alpha and driven 
directly on the Mosquito fault is inaccessible, but the 
Leadville dolomite on the dump is largely replaced 
by pyrite. As at several other localities in Evans Am­ 
phitheater, similar evidence indicates that the Mosquito 
is a premineral fault. The writer suggests that it be 
explored where it passes through the Leadville dolo­ 
mite.

DEFIANCE AND ADJACENT CLAIMS

There is some mineralized ground in and near the 
small fault trending northeast along the south limb of 
the anticline situated east of Ball Mountain. Mineral­ 
ized material found on the dump of the prospect pit of 
group No. N-70, consists chiefly of iron-stained, bar- 
itized limestone. A tunnel located 1,500 ft from the 
summit of Ball Mountain in a direction S. 43° E. and 
west of the Ball Mountain fault cuts pyritized Johnson 
Gulch porphyry.

The dumped material from several minor openings 
in this area is heavily iron-stained, which indicates the 
oxidation of disseminated pyrite and, possibly, the pres­ 
ence of other sulfides. Nothing could be learned of the 
history of operations in these localities, however, and 
none of the openings is large enough to indicate that 
large ore bodies had been present. The Ball Moun­ 
tain fault is definitely premineral, but the surface rocks 
on both sides of it in this immediate locality are not 
especially susceptible to mineralization as they consist 
of the Weber (?) formation, Sawatch quartzite, Peer­ 
less formation, and porphyry.

WAY UP NO. 1 CLAIM

Several small openings (Nos. N-14, N-15, and adja­ 
cent claims) in the block of Leadville and Dyer dolo­ 
mites lying west of the Mosquito fault expose Leadville 
dolomite which is deeply stained by oxidized iron pyrite. 
The Mosquito fault, which forms the eastern boundary 
of the block, is mineralized at points 2,000 ft to the 
north and 3,500 ft to the south; moreover, the branch 
of the Mosquito fault that forms the western boundary 
of this block is probably mineralized. The block of 
limestone between the*faults therefore merits prospect­ 
ing, and some evidence of mineralization is exposed in 
Prospects C-113 and N-16. The top of the Leadville 
dolomite, however, has been removed by erosion. The 
normal depth to the top of the Leadville dolomite along 
the western wall of the fault should be 1,800 to 2,300 ft. 
These depths are respectively about 400 and 950 ft 
below the nearest point on the Yak tunnel from which 
a lateral could be driven to this block of ground. Ore 
and water would therefore have to be raised to the Yak 
tunnel level. Moreover, the length of such a lateral
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would approximate a mile. Exploratory mining in 
the downthrown block west of the fault should be 
undertaken only if preliminary exploratory drilling 
from the surface clearly indicates that such mining 
would be worthwhile.

BAST BALL MOUNTAIN

PROSPECTS ON SOUTHERN SLOPE

In the pre-Cambrian and Cambrian rocks west of 
the mouth of Dyer Amphitheater and east of the Mos­ 
quito fault, there are several small openings (Nos. N-83 
to N-89) at altitudes between 11,600 and 12,000 ft, The 
rocks exposed here are just beneath the South Dyer 
thrust, and most of the prospects are located on small 
fissures, in part true faults, which strike N. 0°-45° E. 
and dip westward or vertically. Evidence of mineral­ 
ization consists of iron and manganese staining along 
these fractures. Some of the openings are in sills of 
early White porphyry, some are in pre-Cambrian gran­ 
ite, but most are in dense, massive, white Cambrian 
quartzite. The two largest adits lie at altitudes slightly 
above and below 11,900 ft respectively. They are 
nearly parallel, trending approximately due north 
along a well-marked fault that dips 50°-70°W., and 
displaces the South Dyer thrust fault. It is charac­ 
terized by a quartz filling accompanied by limonite, 
pseudomorphic after pyrite; accessory fissures seen in 
the openings meet the fault at a small angle, striking 
similarly but dipping only 40° W. The lowest pits on 
the southern slope of East Ball Mountain are open­ 
ings in the lateral moraine of the Dyer-Iowa valley 
glacier; they do not enter bedrock. There is some 
development work also along a dike of quartz-diorite 
porphyry that crops out along the western slope near 
the crest of East Ball Mountain.

Prospects of this group are said to have been operated 
largely for gold. No evidence remains that gold was 
ever found here but fissure walls are commonly stained 
with manganese oxide, and possibly, as inferred by min­ 
ing men familiar with the area, there was enough gold 
to support small-scale operations.

PROSPECTS ON CREST AND EASTERN SLOPE

Several small openings on the crest of East Ball 
Mountain were driven along faults that trend N. 15° E. 
The faults displace the contact between Cambrian and 
pre-Cambrian rocks or intervening sills at many places 
and are occupied by dikes of later white porphyry. 
Farther northeast an adit (No. N-43) about 10 ft long is 
driven along a fracture trending N. 30° W. These 
openings and others of the same kind nearby were 
located on iron-stained fractures in Cambrian quartz­ 
ite; apparently they were driven in search of gold 
ore but there are no evident results.

DYER AMPHITHEATER AND DYER MOUNTAIN

The area near the mouth of Dyer Amphitheater and 
the southern slope of Dyer Mountain forms a struc­ 
tural unit. The South Dyer reverse fault dipping 
northeast breaks across the local rock sequence, lift­ 
ing the block composing Dyer Mountain and Dyer 
Amphitheater and advancing this block southward 
with respect to the block beneath Iowa Gulch. The 
sequence of rocks exposed above the fault in Dyer 
Amphitheater and on Dyer Mountain is normal. It 
consists of pre-Cambrian rocks forming the floor of the 
amphitheater and overlain by the usual succession. A 
thick sill of Sacramento porphyry some distance above 
the base of the Weber (?) formation caps the crest 
of Dyer Mountain.

In addition to the South Dyer thrust, this region 
shows two noteworthy faults, the Liddia and Dyer. 
The former is not mineralized, but premineral fhsures 
near it control the positions of ore bodies in the Liddia 
mine. No ore has so far been discovered along the 
Dyer fault.

There are three groups of prospects and mines of 
interest in this area: the tunnels on the west slope of 
Dyer Mountain near the Kitty and Dyer group of 
claims, the prospects on the southwestern spur of Dyer 
Mountain near the Revenue and Tingle-Tangle claims, 
and the Liddia mine and nearby openings.

KITTY AND DYER GROUPS

The Kitty prospects (N-43a) include three small 
openings in vuggy upper part of the Leadville dolomite, 
stratigraphically about 50 ft below the base of the 
early White porphyry sill. These prospects are favor­ 
ably located near the projected trace of a small fault 
that crosses Dyer Mountain about 1,000 ft north of its 
summit. This fault is presumably premineral, to judge 
by its course and its stained walls, but no mineral de­ 
posits have been discovered along it. A tunnel about 
2,000 ft due south of the Kitty claim is in mu^h the 
same geologic position.

Six openings on the Dyer or Dyer Extension claims 
(No. N-42) lie about 1,500 ft south of the Kitty claim. 
The three larger ones are adits; two of the smaller 
openings are short tunnels or shallow pits; the sixth 
is a shallow shaft. One of the adits begins along a 
fault striking N. 80° E. and dipping 40° S.; on it the 
vertical displacement is 6 in. down on the southeast. 
All of these openings are either in the lower part of 
the Leadville dolomite or near the top of the Dyer 
dolomite. No ore is exposed in the accessible work­ 
ings, but ore appears on all of the dumps; it consists 
chiefly of limestone replaced by scattered large crystals 
of barite, between which are small vugs or unreplaced 
remnants of limestone. In the vugs crystals of light- 
browii to yellow sphalerite and less commonly of ga­ 
lena rest on the barite. Some copper stain is seen.
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This ore and its geologic environment strongly suggest 
conditions in the Continental Chief mine.

The main and lowest Dyer adit (No. N-42) is still 
accessible (fig. 80). The workings are not extensive, 
but include at least two stopes. The ore bodies lay 
on or near a northeastward-trending fissure, not seen 
at the surface. They consisted of two small "contact" 
bodies, that, is replacements parallel to the bedding, 
one on the lower level under a shaly layer near the top 
of the Dyer dolomite, and the other and larger one on 
the upper level under a shaly layer a few feet above the 
base of the Leadville dolomite.

Little is known of the history of the Dyer and Dyer 
Extension mine. Emmoiis (1886, p. 213) says it is 
one of the first mines of the district but that it was 
worked only intermittently because of its inaccessi­ 
bility. He states also (p. 616) that some of the ore 
consisted of "flint, impregnated with galena"; this ore 
is in striking contrast with that now seen on the dump.

REVENUE AND TINGLE-TANGLE CLAIMS

The small openings near the Revenue and Tingle- 
Tangle claims (Nos. N-90 and N-91) are along the 
contact between the Leadville dolomite and the over­ 
lying sill of early White porphyry. The Leadville do­ 
lomite in them is appreciably iron-stained along dis­ 
continuous fissures trending generally north. They 
are of interest chiefly because they indicate that the
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Inclined workings 
Chevrons paint down

Country rock is Leadville dolomite 
and Dyer dolomite

FIGURE 80.—Geologic map of main lowest Dyer adit. Upper level and 
stope in Leadville dolomite; lower level and incline in Dyer dolomite 
member of the Chaffee formation.

top of the Leadville dolomite along Dyer Mountain 
should be explored.

LIDDIA MINE AND NEARBY OPENING*

The course of the Liddia fault is generally N. 25° 
E., uphill a little west of the portals of the two Liddia 
tunnels. Pre-Cambrian crystalline rocks are faulted 
against Leadville dolomite (pi. 1) with a vertical dis­ 
placement of 530 feet near the Liddia mine. The Lid­ 
dia fault can be traced by a breccia across the southern 
slope of Dyer Mountain, but openings directly in the 
fault zone (such as the several small prospects about 
100 ft higher than the upper Liddia tunnel) show no 
mineralized ground.

The Liddia mine (No. N-94) (fig. 81) consists of two 
adits connected by a raise. The lower adit enters pre- 
Cambrian Silver Plume (?) granite and is driven N. 
36° W. in this rock. About 240 ft from the portal a 
gouge zone, 10 ft wide, appears, striking N. 10° E., 
and dipping 65° NW. This is the Liddia fault. Both 
of its walls are sharply bounded against the gouge 
but are not striated. Beyond this fault zone Lead­ 
ville dolomite with typical "zebra" markings appears, 
strongly recrystallized. The dip of the dolomite is 
uniformly and gently northeast. At three places 
within 100 ft of the breast of the tunnel the bedrock 
is broken by faults trending N. 20°-30° E. and dip­ 
ping vertically or steeply eastward. Their west sides 
are down thrown, but the displacement can be measured 
only at the northernmost point, where it amounts to 
17 ft of stratigraphic throw. The lower tunnel shows 
no trace of ore, even along the faults, but the dolomite 
is somewhat silicified, a distinct band of silica being 
noticeable on the northwestern side of the northern 
fault mentioned above. The recurrence cf this silici­ 
fied zone in the raise to the upper level show? the amount 
of displacement on that fault.

The upper adit extends for 50 ft through Sawatch 
quartzite, crosses the Liddia fault, and enters the upper 
beds of the Leadville dolomite. There it connects 
with a series of alternate crosscuts and g€-ntly sloping 
inclines. The highest point on this level is the portal 
at 13,000 ft above sea level; its lowest point, 12,928 ft, 
is at the head of the winze connecting it w'th the lower 
level. Some 70 ft southeast of the winze the upper 
level crosses a fault having 8 ft of upthrow to the 
southeast. South of the fault this level enters a dis­ 
continuous replacement ore body lying abcve the silici­ 
fied zone that is exposed in the winze. Directly above 
the silicified zone is a rather dense blue-gr,<>,y limestone 
whose upper beds contain the ore which has supplied 
most of the output of the mine. As seen in a winze 
situated about a third of the distance from the portal 
to the main connecting winze at the breast, the gray, 
productive limestone is overlain by 7 ft of dense silici­ 
fied rock, and by a thin bed of black shale of the
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FIGURE 81.—Geologic map and section of the Liddia mjne.
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Weber (?) formation, which evidently had a ponding 
effect not unlike that observed in the Continental Chief 
mine (p. 134). A few raises through this shale strike 
the overlying sill of early White porphyry.

The ore zone has been stoped cliscontinuously (fig. 
81) southward from a point about 180 ft north of the 
portal nearly to the crossing of the Liddia fault, 135 ft 
farther south along the upper level. The shoot is thus 
at least 100 ft long. Apparently, much of the ore was 
oxidized, and was called "ocher ore". The ore mineral 
is chiefly cerussite stained slightly by films of malachite, 
azurite, and aurichalcite. The primary ore is not con­ 
spicuous; its most important mineral is galena; barite 
and some very fine grained silica are especially con­ 
spicuous in the gangue. The oxidized ore seen is 
deeply iron-stained and almost every trace of its orig­ 
inal pyrite content has disappeared, except casts sur­ 
rounded by poorly terminated crystalline quartz. De­ 
spite the copper staining mentioned, no chalcopyrite 
has been found. Typical assays are cited below (Ivarl 
Norberg, personal communication, 1929) :

Assays of ore from Liddia mine

Descriptions

1. "Ocher ore" from upper level___
2. Primary (?) ore from stope.
3. Oxidized seams without visible 

lead sulfide-_________________
4. Ore from face of stope, upper 

level_____________________
5. High-grade ore, locality uncer­ 

tain _______________________

Lead 
(percent)

15. 0
40.0

4.5

13.5

40. 0

Silver Gold
(ounces') (dollars)

5. 0 2. 00
12. 0 2. 50

4.2 _______

4.0

15. 0

In general, the ore increases in richness upward, 
including the primary ore, and is especially rich at the 
black shale that forms its "cap." The history of the 
mine is not known.

The Liddia fault can be traced about 300 ft north 
of the portal of the Liddia upper tunnel. There it 
branches (pi. 1), and although the western or main 
branch is undeveloped, a caved shaft (No. N-38, some­ 
times designated the Mammoth) and several smaller 
pits on the Hoosier Girl claim were dug near or along 
it. The Leadville dolomite on the dump of the shaft 
is considerably brecciated and largely replaced by cal­ 
cium carbonate. The distribution of these openings 
east of the Liddia fault and the general resemblance 
of their ores to those in the Liddia mine suggest that 
the Liddia and Hoosier Girl ore shoots were once con­ 
tinuous but that the Hoosier Girl shoot was lifted about 
525 ft vertically by faulting after mineralization.

About 500 ft to the southeast a short tunnel (No. 
N-96) has revealed somewhat iron-stained, fissured 
Dyer dolomite which gives no indication of ore al­ 
though small bodies of oxidized lead ore rich in silver 
are said to have been mined here prior to 1921.

IOWA AMPHITHEATER, NORTHERN PART

The valley of Iowa Amphitheater and the head of 
Iowa Gulch form a T, the amphitheater representing 
the cross-piece and the valley representing the axis. 
At the junction, the South Dyer reverse fault is offset 
by the Liddia fault. To the northeast the sequence of 
formations is normal. There are sills of early White 
porphyry in the Cambrian quartzite and a thick sill 
of the same rock above the Leadville dolomite. The 
crest of the range east and northeast of this area is 
made up of Sacramento porphyry, the Weber (?) for­ 
mation, and early White porphyry, named in strati- 
graphically descending order.

Several faults serve to complicate the structure of 
this area. The Dyer fault trends west-northwestward 
and, close to the buildings of the Continental Chief 
mine at the head of Iowa Amphitheater, it is normal 
and drops the southwestern side about 50 ft. Several 
minor faults strike northeastward. They extend from 
the northern edge of outcrops of pre-Cambrian rocks 
in the Iowa Amphitheater to the Dyer fault; these 
minor faults break the formations into slivers or elon­ 
gate blocks, some of which were lifted by the faulting, 
some depressed. On the eastern wall of tH amphithe­ 
ater two distinct types of faults occur: (1) steeply 
dipping faults with trace roughly east up the slope 
of Mount Sherman, and having only small displace­ 
ment and (2) low-angle thrust faults with larger dis­ 
placements, whose traces extend northward.

Mines and prospects of economic interest are the 
openings on the Umatilla and adjacent claims, the Con­ 
tinental Chief mine, the McGuire working?, and several 
small tunnels on the eastern wall of the amphitheater 
approximately a mile south of the Continental Chief 
mine.

UMATILLA GROUP AND NEARBY WORKINGS

Three tunnels are located on the Umatilla group of 
claims. The western one (No. N-98) is a short adit 
that trends N. 50° W. and crosses a fracture zone that 
trends N. 40° E. in Leadville dolomite. The northern 
tunnel (No. N-36) is 350 ft long and trends generally 
north-northwest in Leadville dolomite along a fault 
that dips steeply east and raises the eastern side about 
•1 ft. This fault has a branch trending northeastward 
near the northern end of the workings. Both faults 
slightly displace a dike of early (?) White porphyry. 
No ore is exposed.

The southern tunnel (No. N-3T) includes 500 ft of 
drifting in an easterly direction in coarsely crystalline 
Dyer dolomite, cutting through the basal conglomerate 
of the Leadville dolomite about 1TO ft from its portal. 
Some "dolomite sand," probably formed by the solu­ 
tion of the calcareous cement between the dolomite 
grains by acid surface waters (Emmons, Irving, and
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Louglilin, 1927, p. 36), appears close to the portal. The 
breast of the tunnel is in Leadville dolomite which con­ 
tains some "zebra" rock, but there is little evidence of 
mineralization.

In all of the Umatilla workings numerous small 
faults striking N. 0°-40° E. show no trace of ore and 
are evidently of postmineral age. They are compar­ 
able in strike, in lack of mineralization, and in age, with 
the Liddia fault (pp. 130, 132).

CONTINENTAL CHIEF MINE

Iii the northeastern head of Iowa Amphitheater, just 
above the Leadville dolomite, a 5-ft zone of black shaly 
beds contains pyrite concretions. It forms the base of 
the Weber (?) formation, but because the shale is so 
thin, it is not practicable to differentiate it from the 
Leadville dolomite on the geologic map. The shale is 
separated from the rest of the Weber (?) formation by 
the thick sill of early White porphyry that forms the 
upper slopes on both walls of the northern head of Iowa 
Amphitheater. This shale, like that in the Liddia 
mine (p. 131), forms a cap over the ore-bearing lime­ 
stone beds. A similar but lighter-colored shaly bed, 
2 to 5 ft thick, lies 12 to 15 ft below the top of the 
Leadville dolomite and likewise seems to have induced 
ore deposition beneath it.

The gentle folding seems to have caused some move­ 
ment along the contacts of both shales and the more 
brittle Leadville dolomite. These movements produced 
small openings along the bedding planes above and 
below the shaly layers. Hence, along the western 
slope of the range, from the northern head of Iowa 
Gulch south to Mount Sheridan, a 25-ft zone directly 
below the thick sill of early White porphyry is lo­ 
cally mineralized. Many tunnels have been driven 
into this zone, most of them within 2,500 ft of the 
Continental Chief mine. These tunnels are largely in­ 
accessible. Some are filled with ice, but most of them 
are full of caved black shale and White porphyry. 
However, the dumps contain blocks of porphyry and 
shale, pieces of ore, and many fragments of typical 
blue-gray limestone. The limestone is seamed with 
white dolomite and quartz veinlets, and partly replaced 
by bladed crystals of barite. Metallic minerals present 
include galena, light-colored sphalerite, and small 
amounts of pyrite, stained somewhat by iron and cop­ 
per films. As is usual in this type of ore, the sulfides 
appear to have been deposited later than the non- 
metallic minerals.

The Continental Chief mine (No. N-99) is the only 
large operation in such deposits in the Iowa Amphi­ 
theater. It consists (pi. 12) of an adit driven approxi­ 
mately due east for 125 ft and thence branching so that 
one arm (the "north drift") leads northeastward and 
forms with the adjacent stopes the "west working",

whereas the other (the "south drift") follows an east- 
northeasterly course, leading toward the "east" or "main 
workings." Some older mining was carried out from 
the northeast-leading branch, which is driven in the~ •*

upper part of the Leadville dolomite just below the 
gray shale horizon. The limestone along this branch 
is broken by fissures and faults of small throw, of trends 
IS". 5°-50° E., and, generally, of steep dips. Q,uartz 
has been deposited along the fractures and has also re­ 
placed some of the limestone. The ore is quartz-rich 
and contains pyrite, smaller amounts of galena, and 
still less sphalerite of local occurrence. Locally, the 
oxidized ore contains large quantities of cerussite and 
a little limonite. Stoping has proceeded along the 
fractures, especially where the ore is oxidized, and in 
some places the back or roof, partly made up of black 
shale of the Weber (?) formation, has caved, filling 
the passage. The oxidized quartzose ore is ST.id to 
have had a high content of gold and silver. Srmples 
collected in the stope walls—at two points within 75 
ft of the northeast breast—contained respectively 4.4 
and 1.4 ounces of silver to the ton, and traces of gold, 
according to J. R. Fyfe & Co., Leadville Assayers 
(courtesy of C. N. Larson, 1929).

The east workings consist of two generally separate 
parts. One of them lies at about the level of the main 
or south drift. This includes the Ice Palace sto^e and 
adjacent workings.

Approximately 300 ft from the point where the, north 
and south drifts separate is the head of an incline. 
Most of the stoping was done along the incline or 
along subordinate drifts spaced at irregular intervals. 
This mining opened a series of stopes trending N. 
30°-40° E., generally following fissures that dip steeply 
northwest or southeast (figs. 82 and 83). The small 
displacements along these fissures are mainly horizon­ 
tal. In the lowest workings near the incline, and at a 
few other places, the mineralized ground is coextensive 
with a large number of such fissures, so closely spaced 
as to shatter the ground thoroughly. In places the 
mineralized fractures are offset by others of postmin­ 
eral age.

Approximately 1,000 ft east-northeast fro^n the 
portal a large body of ore was found in the deepei 
part of the mine (fig. 84). This elongate shoot trends 
due east and thus differs conspicuously from the other 
large shoots of the mine. To develop this body further 
a crosscut was driven southeastward from the bottom 
of the incline, but the mineralized ground at this depth 
was disappointing; it apparently ended eastward 
against a fault striking IS". 2° W., and little ore was 
found beyond.

The detailed stratigraphic sequence downward from 
the sill of early White porphyry, exposed in th°! cliffs



134 GEOLOGY AND ORE DEPOSITS, WEST SLOPE OF THE MOSQUITO RANGE

FIGURE 82.—Strikes of fissures and faults in Continental Chief mine. Lengths of radii are proportional to total number 
of observations. All data plotted to within 10° of the true azimuth reading. Numbers on inner dials give decrees 
azimuth east or west of true north and south; those on outer dials give the number of observed fissures having the 
indicated azimuth reading. A, All fissures observed (91 observations). B, Definitely mineralized fissures (33 observa­ 
tions).

these key horizons irregularly; a few faults pass up­ 
ward into the shaly beds and are lost, apparently by 
dissipation of movements along bedding planes.

Although the premineral fissures were an important 
source of ore, by far the greater part of the output was 
from replacement bodies. Most of the fissures are 
fairly tight and few are wide enough to have been 
worth mining for their own ore content alone (fig. 
85). The large stopes along the incline, the Ice Palace 
stope at the head of the incline in the south workings, 
and the "northeast" stope in the norther stern end of 
the mine represent ore bodies of impressive size, formed 
chiefly by replacement. The Ice Palace shoot (even 
with the lower boundary arbitrarily placed at the level 
of the main southwest adit) is 250 ft long, its width 
ranges from 30 to 60 ft, and its height is as much as 
45 ft. In general such bodies are elliptical in vertical 
cross-section, with the longer axis of the ellipse parallel 
to the mineralized fissures. These bodies (see figs. 86 
and 87) are mass replacements of limestone that began 
along fissures, either closely spaced or isolated.

A significant feature of such replacement is that it is 
clearly preferential. The coarsely crystalline lime­ 
stone, such as beds 2 and 5 in the stratigraphic column 
above, is distinctly more susceptible to replacement 
than the finely crystalline rock of beds 1 and 3. The 
two limestones do not differ in solubility, as chemical 
analyses indicate that both are dolomitic limestones of 
about the same composition. The difference is attrib­ 
utable to three other factors: (1) the occurrence of 
ponding beds, notably the black shale, Nc. 6, above the 
upper limestone, as in so many of the Leadville "contact'' 
deposits; (2) the greater porosity of the recrystallized, 
cellular limestones; and (3) the mode of fracture. The

FIGURE 83.—Inclinations of striae along faults observed in Continental 
Chief mine. Length of shaded segments proportional to number of 
observations. Note dominance of nearly horizontal as opposed to 
nearly vertical readings.

a few feet higher than the portal of the main adit, is as 
follows:

Feet
7. Early White porphyry.
6. Shale, black, carbonaceous with a few py- 

ritic concretions ; very slabby and plastic-
5. Limestone, coarsely crystalline blue-gray 

dolomitic, with few traces of fossils; lo­ 
cally characterized by secondary veinlets 
of white dolomite ("zebra" rock)______

4. Shale, gray to blue-gray, slabby; not high­ 
ly plastic; fossiliferous__________ 2-5

3. Limestone, dense, light blue-gray dolo-
mitic______________________ 2

2. Limestone, coarsely crystalline blue-gray 
dolomitic; "zebra" markings common; 
fracturing irregular___________________

1. Limestone, finely crystalline, light blue- 
gray, dolomitic.

2-S

10

20±

The black shale (bed 6) with overlying porphyry is 
found wherever stoping or exploration have been ex­ 
tended high enough. Faulting has raised or lowered
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FIGURE 84.—Lowest large stopes at foot of new incline, Continental Chief mine, showing 
prominence of fissures and their apparent relation to mineralization.

dense limestone generally develops clean-cut fractures 
which tend to be conchoidal and discontinuous; for 
this reason it is frequently given the very graphic 
designations of "short-fracturing dolomite" or "short 
lime." In contrast, the coarsely crystalline limestone 
breaks along wider shattered zones, and the resulting 
angular fragments are more readily attacked from all 
sides. Moreover, the thinner beds of the dense lime­ 
stone act as limits to the continuity of fractures across 
the bedding, whereas the more massive beds of the 
coarsely crystalline rock are cut by continuous fractures 
along which solutions should be able to move with 
greater freedom. These factors and the greater poros­ 
ity of the coarsely crystalline limestone and hence its 
greater susceptibility to penetration and to replace­ 
ment readily explain the preferential mineralization of 
this kind of rock.

Most of the ore occurred as replacement bodies of 
considerable vertical thickness about fissures that served 
as channelways, but some was found in small, flat bod­ 
ies, essentially true "contacts." Thus along the old in­ 
cline a blanket of this type formed a small shoot lying 
west of the main ore body and 25 ft below the shales; 
the present stope is about 20 ft square and from 5 to 6

NW.

ft high. Like most similar bodies it resulted from se­ 
lective replacement of a bed, but a few bodies actually 
lie along bedding-plane faults. (See Belire, 19F7, pp. 
512-529.)

One of the mistakes made in development work in 
the Continental Chief mine resulted from a failure to 
grasp the importance of the stratigraphy in determin­ 
ing the location of the ore. The incline has an aver­ 
age dip of 19°-21° to the northeast. The average dip 
of the beds is 12°-21°, but varies greatly from place to 
place, and in the lower parts of the incline the strike is 
generally almost parallel to the direction of the in­ 
cline ; the component of the bedding dip along the in­ 
cline is thus very low, averaging much less than 10°. 
Hence, as the incline loses altitude, it passes gradually 
from the productive beds into the underlying, denser 
dolomite, which is generally less favorable to ore 
deposition.

The mineral composition of the ores is fairly simple. 
Apparently, the chief primary ore minerals were ga­ 
lena, sphalerite, and pyrite, in a gangue consisting of 
dolomite, barite, and quartz. The most conspicuous 
ore mineral is galena, and the ore is largely rich in 
silver, especially where the sulfide has been slightly ox-

SE.

porphyry
V /

Black shale of 
^•r-rv.~. . .CWeber W far-nation

100
I
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FIGURE 85.—Vertical section through larger stopes near foot of incline, Continental Chief mine.
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FIGURE 86.—Stopes in sacking-ore developed in limestone along fissures. 
Plan of part of southwest stope in East Workings, Continental Chief 
mine.

idized to cerussite. Galena is more conspicuous in the 
upper workings, and sphalerite and its alteration prod­ 
ucts in the lower, but there is no marked contrast in 
the quantity of the primary and secondary minerals 
containing the lead and zinc. Pyrite and quartz seem 
to have been associated with the ore that was richest in 
precious metals; much of the "sacking" or high-grade, 
precious metal ore, mined locally in the west workings 
and in the stopes on the level immediately below the 
head of the incline, was partly oxidized pyritic material. 
Most of the zinc recovered from the base-metal ore 
came from oxidation products, especially smithsonite 
of the "dry bone" type; some hetaerolite was found, and 
hydrozincite was common. Completely unoxidized 
sphalerite is rare and generally of a distinctive olive- 
gray color; large masses have been found only in the 
deeper parts of the mine, most of it in the lowest stopes 
east of the foot of the incline. Small amounts of auri- 
chalcite and a few stains of malachite indicate that chal- 
copyrite or some other copper mineral was present. 
These products of oxidation are found even in the deep­ 
est workings, which are well above the ground-water 
table.

Leadville
dolomite

8 Ft.

The metal contents of three samples collected by the 
writer are shown in the following table:

Assays of samples from ihe Continental Chief mine 

[J. R. Fyfe & Co., Leadville, Assayers. Courtesy of C. N. Larson, 1929]

No.
Gold 

(ounces)

2_---------------------- Trace

Silver 
(ounces)

5.6 
2.4

Lead Zinc
(percent) (percent)

19. 8 13. 6
14. 1 1. 4

_______ 17.3

FIGURE. 87.—Preferential or selective replacement of certain beds adja­ 
cent to fissures. Wall of stope under head of incline, Continental 
Chief mine.

Sample 1 is from one of the deeper stopes about 125 ft 
up the incline from its lower end. Sample 2 is from 
sacked ore in the stopes immediately under the head 
of the incline. Sample 3 represents sirithsonite ore 
found in a short drift branching southepstward from 
the north workings.

It is said that the Continental Chief mine was first 
opened in 1884, after a landslide had uncovered some of 
the western lode in the cliffs. This body of ore led to 
other shoots farther in the side of the mountain, and in 
order to remain below the early White porphyry sill an 
incline was started—the so-called "old incline"; later 
the new incline was driven to simplify haulage. Work 
was continued from this new incline and the total out­ 
put up to about 1920 is said to have had a gross value 
of $3,000,000. The mine was shut down for a period, 
but operations were resumed in 1926 by the East Butte 
Exploration Co. Production methods (according to 
E. P. Chapman, who supplied most of the data) were 
modernized, and diamond drilling was used for ex­ 
ploration. These changes resulted in som e production, 
chiefly from the lower part of the new ircliiie and the 
stope at the far northeastern end of the mine. Most 
of the mineralized ground, however, ended against the 
fault striking N. 2° W. and bounding the northeastern 
stope along its eastern end. The maximum vertical dis­ 
placement along this fault is estimated to be 12 to 25 
feet. A so-called "dike" along this fault is merely the 
calcareous gouge and breccia derived from the dolo- 
mitic limestone. Evidently, efforts to find the offset 
extension of the ore body (or the productive zone) 
failed, and it appears that the ore body originally ended 
about where the fault crossed it. Work was aban­ 
doned by this company in 1928.

In 1930-31 exploration was resumed by a Denver 
company. Efforts were directed not at development 
work at depth, with its difficulties in haulage and ven­ 
tilation, but at discovering new bodies near the surface 
to the south. As most of the mineralized fractures 
strike northeast and the beds generally also dip north­ 
east, drifting was begun in a southeasterly direction, 
with the object of maintaining an approximately con­ 
stant stratigraphic horizon and, at the same time, tran­ 
secting as many fissures as possible. The, management 
planned a raise on each vein as found, up to the sill of 
early White porphyry, at the base of which ore was 
reasonably expected. The work was begun southeast
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of the Ice Palace stope. A small northeast-trending 
vein was found 250 ft south of the incline, and a raise 
put up on it, hut little ore was discovered. The same 
procedure was followed with a second vein 100 ft farther 
south, with no better results. A third vein was found 
75 ft farther south, but again a raise yielded no prom­ 
ising ore, and work was stopped. This very well 
planned prospecting campaign could be resumed and 
supplemented by other prospecting northward from 
the incline, at a point where the productive beds are 
stratigraphically about 20 ft higher than those at the 
bottom of the incline.

McGUIRE TUNNELS

The two small prospect adits (No. N-106) of the Mc- 
Guire property lie close together, some 1,600 ft due 
south of the entrance to the Continental Chief mine. 
The portal of the upper tunnel is about 75 ft above that 
of the lower tunnel and 300 ft southeast of it. The 
upper tunnel is caved and inaccessible. The lower 
tunnel trends generally S. 70° E. for a total length of 
about 550 ft; at its end an inclined raise, 48 ft long 
as measured on a slope of 55°, gives access to about 20 
ft of exploratory work in "Blue" dolomite. The main 
level is in the Manitou dolomite and the Parting quartz- 
ite and Dyer dolomite members of the Chaffee forma­ 
tion. The general strike of these rocks ranges from 
N. 10° E. to N. 20° W., and the dip is predominantly 
eastward, but 13 faults could be mapped in this short 
tunnel, and relations in the section exposed in the tun­ 
nel are not simple. The section is of interest chiefly 
because of the light it sheds on the structure typical 
of the western slope of Mount Sherman. Many of the 
faults are normal, but there are at least three thrust 
faults whose presence is indicated by drag of the beds 
in addition to the common gouge or breccia. Despite 
this extreme shattering, the only indications of ore are 
several pieces found on the dump, containing a small 
amount of pyrite, galena, and barite, and the presence 
of conspicuous dolomite veins along some of the faults.

To the north and south along the western slope of 
Mount Sherman, within a distance of 1,200 ft of the Mc- 
Guire tunnels, there are several other prospects. They 
are shallow pits and tunnels, driven either along joints 
or small fractures that trend roughly due east or north­ 
east or along irregular thrust faults. Most of them are 
not accessible, but the material on the dumps is char­ 
acterized by small amounts of galena, rare gray-green 
sphalerite, smithsonite of the cavernous type, and 
barite, all of which were formed by replacement of the 
Leadville and Dyer dolomites; vein material composed 
of quartz and pyrite is also found.

It is clear that the structural relations and mineral 
composition of these small deposits are essentially like 
those of the Continental Chief mine. Their mineral­ 
ized fissures have northeasterly or easterly trends; ore 
occurs where these fissures cut the contact between the

Leadville limestone and the overlying sill of early 
White porphyry. None of these prospects, however, 
seems to have shown enough ore to have encouraged 
extensive work nor to have left a record of production.

PROSPECTS ON EASTERN WALL OF IOWA AMPHITHEATER ON 

AND NEAR EQUATOR CLAIM

Approximately a mile S. 10° W. of the portal of the 
Continental Chief mine, on the western slope cf the 
spur extending from Mount Sherman toward Hilltop 
Pass and Mount Sheridan, there are openings (No. N- 
171) comprising several tunnels, shallow pits, and one 
shaft. They are on or near the Equator, Klondike, 
and adjacent claims. Like the McGuire tunnels and 
the Continental Chief mine, these openings lie along 
the contact between the Leadville dolomite and the 
overlying sill of early White porphyry. They are 
largely caved and inaccessible, but a study of their 
dumps suggests that the carbonaceous shale seen in the 
Continental Chief mine separates the porphyry from 
the Leadville dolomite here also. There are no indi­ 
cations of definite fissures that governed the localiza­ 
tion of ore. The scattered fragments of ore found on 
the dumps consist of limestone, which is partly silici- 
fied, or iron-stained, or replaced by barite. The barite 
contains small quantities of sulfides, mostly galena, and 
some zinc carbonate of the "dry-bone" type. Despite 
these indications of ore, the area lacks the fissures which 
might have guided mineralization and so is not as prom­ 
ising as that farther north near the Continental Chief 
mine.

IOWA AMPHITHEATER, SOUTHERN PART

South of the region where the northern and southern 
branches of Iowa Amphitheater join to drain westward 
through Iowa Gulch, the rocks exposed are mainly 
Cambrian and younger. The Liddia fault (p. 69), its 
east side upthrown, is the cause of a marked difference 
on the eastern side of the southern head of Iowa Amphi­ 
theater. This part of the amphitheater is floorec1 with 
pre-Cambriaii rocks and its walls and higher slopes are 
made up largely of Cambrian and Ordovician strata 
and intruded sills, which west of the fault appear only 
in the floor of the amphitheater. The numerous routh- 
erly branches of the Liddia fault produced several off­ 
sets, which are visible in the southern walls cf the 
amphitheater; along most of these faults the eastern 
side is upthrown, as along the main fault. The South 
Dyer reverse fault, readily recognizable on the southern 
spur of Dyer Mountain, is less conspicuous in tta pre- 
Cambrian rocks immediately east of the Liddia fault, 
reduced in throw in the lower Paleozoic rocks farther 
southeast, and split up into a series of faults that pass 
into sharp folds stratigraphically higher on the south­ 
eastern wall of the Iowa Amphitheater just west of 
Hilltop Pass. The South Dyer fault is not recognizable 
along the crest of the range to the east. Perhaps its
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discontinuity is linked to a change in the thickness of a 
sill of early White porphyry just below the Manitou 
dolomite, the intrusion of the sill having accompanied 
the faulting. Considerable ore might have been de­ 
posited along these branches had the faults reached the 
contact between the Leadville dolomite and the over­ 
lying sill of early White porphyry. Nevertheless, there 
are some fairly attractive prospects along the traces or 
the southeastward projections of the branches of the 
South Dyer fault.

Two groups of prospects in the southern part of 
Iowa Amphitheater deserve mention—the prospects 
on or near the Liddia fault and those on the northern 
slope of Sheridan Mountain.

PROSPECTS NEAR LIDDIA FAULT

Some pits omitted from the map, on the floor of 
the amphitheater near the Liddia fault, have revealed 
no mineralized rock and it seems that the fault itself 
is not mineralized. It is only coincidence that the 
Mammoth (Nos. N-38 and N-96) and Liddia (No. 
N-94) mines are near the Liddia fault. It is rumored 
that a little gold was found in these prospects, but there 
is neither evidence nor likelihood of this.

PROSPECTS ON NORTHERN SLOPE OF MOUNT SHERIDAN

Along the northern slope of Mount Sheridan, the 
general sequence of rocks, in descending stratigraphic 
order, is as follows:

Feet
5. Thick sill of early White Porphyry____ 200 
4. Black shales of Weber(?) formation__ 25 
3. Thin sill of early White Porphyry

(locally pinches out completely)____ 0-15 
2. Blue-gray quartzite, basal Weber (?) for­ 

mation____________________ 10 
1. Uppermost part of Leadville dolomite_ —

Ore occurs in fractures or breccia zones of the quartz­ 
ite (bed 2), or as replacement bodies or fissure fillings 
in the uppermost beds of limestone (bed 1). Mineral­ 
ized ground is thus confined mainly to a zone strati- 
graphically about 30 ft thick, near the top of the Lead­ 
ville dolomite. The dump of virtually every tunnel 
driven along this zone shows small quantities of ore 
minerals, chiefly smithsonite, cerussite, and galena, 
with some copper staining, and with barite and quartz 
as gangue minerals.

Two important groups of prospects (Nos. U-22 and 
U-23) are situated about 1,000 ft southwest of the 
13,184-ft knob at Hilltop Pass. This was once appar­ 
ently fairly active property, as shown by a cabin, traces 
of a shaft and seven tunnels. The quartzite in this 
vicinity has locally been replaced by barite, and the 
associated ore resembles the baritic ore of the Conti­ 
nental Chief mine. However, the ore seems to have 
been leaner because the quartzitic host rock is less 
favorable to ore deposition than dolomite.

The more western of the two prospects designated 
U-33 on the map is a tunnel driven along a fault zone. 
The basal quartzite of the Weber (?) formation exposed 
in this opening has been shattered to a breccia and then 
recemeiited by barite; there has also been replacement 
of the country rock by barite. Between barite blades 
are small amounts of galena.

TIPPER IOWA GULCH, EAST OF HELLFNA MINE

In the marginal part of the Leadville district, the 
only area rivaling the one between the Hellena mine 
and the Mansfield and Rex shafts in the complexity of 
its geology is in upper Iowa Gulch, between the Iowa 
Amphitheater and the Hellena mine. The traces of 
the Mosquito and Ball Mountain faults are well exposed 
on Upper Long and Derry Hill, cross upper Iowa 
Gulch, and rise toward Ball Mountain and East Ball 
Mountain. The Mosquito fault has its downthrow on 
the west, bringing pre-Cambrian rocks on the east 
against Dyer dolomite on the west. The Ball Moun­ 
tain fault north of its junction with the Iowa fault 
also has the western side dowiithrown, an almost 
equal amount. Between the two there are minor faults, 
along most of which the western side is down- 
thrown; in part they are occupied by dikes of 
Johnson Gulch porphyry. The Iowa fault apparently 
ends eastward against the Ball Mountain fault.

Many prospects lie between the two major faults. 
Some, such as N-146 and N-148, are relatively near 
the Mosquito fault; others, such as N-140 and N-141, 
are on the inferred trace of the B?ll Mountain 
fault. Yet, only on the dump of the eastern tunnel of 
the western part of group N-134 has mineralized mate­ 
rial been found. Even 011 the dumps only a small 
amount of pyritic ore was seen. Some of the work­ 
ings—for example, the three shafts at N-142—give evi­ 
dence of fairly extensive exploratory work but with 
no indications of mineralized ground.

East of the Mosquito fault several short tunnels 
were driven along fissures in the pre-Cambrian gran­ 
ite—for example, about half a mile northwest, or an 
eq,ual distance northeast of the crest of the northern 
peak of West Sheridan Mountain (Nos. ?T-117, N-118, 
N-119, and N-163). The fissures trend northwestward, 
contrary to the general structural pattern of this re­ 
gion. The mineral matter consists of quartz veinlets 
with iron and manganese oxides from which, it is ru­ 
mored, small pockets of high-grade ore were mined.

LOWER IOWA GULCH AND SOUTHERN SLOPE OF 
PRINTER BOY HILL

Rock exposures are few in the valley of Iowa Gulch 
west of Hellena mine. The overburden of glacial and 
alluvial material and the heavy influx of water have 
made mining in the valley bottom very difficult. De­ 
spite reasonable expectation of mineralized ground, 
therefore, exploration has not been extensive though
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the prospects are numerous. Therefore, the bedrock 
geology in the valley bottom is not known in detail and 
must be inferred largely from rock exposures on the 
higher slopes.

Perhaps the most complicated surface geology of 
the marginal area is that along the Hellena-Weston- 
Union fault complex, near the Hellena mine. The fault 
relations here are of special interest because ground 
along the branches of the Weston fault is considerably 
mineralized. Several interpretations have been of­ 
fered for the geological relations known for the area 
between the three great faults—the Union, Weston, 
and Iowa faults (p. 75). The interpretation accepted 
and reviewed below takes into account the trend, the 
direction of displacement, the amount of throw of each 
fault, and also data obtained at surface and under­ 
ground exposures by the writer and others who studied 
this region.

On the southern slope of Upper Long and Derry Hill 
the Union fault, trending north-northeast, breaks up 
into several smaller faults. These faults are clearly 
revealed by offsets of the contact between the Cambrian 
beds and the pre-Cambrian 011 the cliffs overlooking 
Iowa Gulch. They offset the Weston fault repeatedly 
along the southern slope and crest of Long and Derry 
Hill. North of the intersection of the Union and 
Weston faults, the Weston fault forks, the main fault 
trending about N. 20° W., and an easterly branch, the 
Hellena fault, striking approximately due north and 
dipping steeply eastward. The Hellena fault has been 
traced northward about 1,500 ft. from the stream in 
Iowa Gulch. Beyond this point the rocks in the hang­ 
ing wall and f ootwall are too similar to reveal its posi­ 
tion at the surface. The main Weston fault also forks 
near the southern end of the Clear Grit claim, and a 
western branch extends across Iowa Gulch almost 
parallel to the main fault, and reuniting with it a little 
farther north. At the surface the western wall of the 
main Weston fault consists of a thick sill of early White 
porphyry with lenses of the uppermost beds of Lead- 
ville dolomite.

Near the middle of Iowa Gulch the Hellena fault 
brings pre-Cambrian granite on the west against 
Weber (?) strata on the east. The Hellena is a reverse 
fault farther south, so this condition can be explained 
only by assuming the presence of the Iowa fault—an 
east-west fault along which shales and grits of the 
Weber (?) formation are thrown down to the north 
against the pre-Cambrian rocks at the south. This 
fault must be assumed to exist both in the block be­ 
tween the main Weston fault and the Hellena fault, and 
in the block between the Hellena fault and the Ball 
Mountain fault farther east.

From the vein complex of the Hellena mine westward 
to the neighborhood of the Rex shaft (where the Mike 
fault crosses Iowa Gulch) the succession is fairly regu­

lar, and the rocks crossed in a westward traverse are 
progressively older beds. The easternmost exposures 
are sills of early White porphyry with intercalations of 
quartzites and grits of the Weber (?) formation and of 
upper beds of Leadville dolomite. Westward are suc­ 
cessively exposed the Leadville dolomite, the Dyer dolo­ 
mite and Parting quartzite members of the Chaffee for­ 
mation, the upper part of the Manitou dolomite, and, 
farthest west, a sill of Iowa Gulch porphyry. All 
these rocks dip uniformly eastward. The structure is 
complicated by many faults, all trending approximately 
northward and nearly all having the western side down- 
thrown. Along these faults are dikes of Johnson Gulch 
porphyry, near which the rocks are commonly miner­ 
alized. The crest of Printer Boy Hill is made up of 
early White porphyry, this being the sill above the 
Leadville dolomite which appears also on the crest of 
Long and Derry Hill at and above the 11,500-ft ccntour.

In the ground between the Mansfield shaft, the First 
National shaft, the crest of Printer Boy Hill, and the 
bottom of Iowa Gulch, the effects of mineralization are 
such as to suggest higher temperatures than in adjacent 
regions (p. 48). Probably a plug of Johnson Gulch 
porphyry (forming a minor center of mineralization) 
came close to the present surface here, and the erposed 
dikes of this rock are offshoots from it.

A similar plug is exposed about the Mansfield shaft, 
west of the Mike fault. Little is known about tr^ bed­ 
rock geology owing to the cover of lateral moraines on 
the lower, western continuations of Printer Bcv and 
Long and Derry Hills. Farther west, between the 
Dome and Iron faults, the bedrock in Iowa Gulch seems 
to consist chiefly of Leadville dolomite and an overlying 
sill of early White porphyry, but these relationships 
are only inferred.

In lower Iowa Gulch and on the southern slope of 
Printer Boy Hill there are eight mines or groups of 
workings. In lower Iowa Gulch are (1) the Hellena 
mine, (2) the First National and Julia-Fisk group, (3) 
the Ontario-Lou Dillon group, (4) the Lillian mine, 
and (5) the Mansfield mine. On the southern slope of 
Printer Boy Hill are (1) the Doris group, (2) the Clear 
Grit-Ella Beeler group, and (3) the Rex shaft.

HELLENA MINE

The Hellena (pi. 13) was the only large mine in 
Iowa Gulch accessible at the time of these studies. Pre­ 
vious to 1909, operations at relatively shallow depths 
are said to have yielded $100,000 worth of ore. This 
work was stopped largely because of water trouble. The 
mine was again in operation in 1928 and 1929, hut ad­ 
ministrative difficulties between the operating company 
and land owners, together with increased costs of pump­ 
ing, forced the operating company to close down in 1930.

The Hellena shaft was sunk on the outcrop of the 
Hellena fault. Its depth in 1930 was 766 ft. Earlier
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work developed five levels (pi. 13), at depths respec­ 
tively of 99, 195 (first level), 272, 290 (second level), 
and 400 ft (third level) below the collar of the shaft. 
The operations in 1928-30 were chiefly on still deeper 
levels: at 501 (fifth level), 605 (sixth level), and 700 
ft (seventh level). Work was most extensive on the 
501-ft level where long crosscuts were driven east and 
west from the shaft, whereas the higher levels were 
chiefly along the fault itself (the locus of most of the 
ore). This fault (fig. 88) is exposed on every acces­ 
sible level, striking generally N. 15° E.-N. 5° W., and 
dipping east at angles ranging from 62°-85°. The 
steeper dips and the northeasterly ones are nearer the 
surface. The fault was opened into a widely gaping 
fissure on the 195- and 290-ft levels, but not at the 
deeper levels (fig. 91). The parts of the vein having a 
northeasterly trend and a relatively shallow depth are 
coextensive with the better grade and greater quantity of 
ore. This relationship may signify that the premin- 
eral shearing thrust that produced the Weston fault 
had a component on the east side of the fault that 
was directed southward as well as upward. This in­ 
terpretation is consistent with the displacement of the 
Iowa fault south of the mine shaft (see pi. 1) but, on 
the other hand, all the striae observed along the fault 
on the 290-ft level dip gently southeastward in the fault 
plane. They may be due to renewed but opposite 
movement on the same fault planes, as suggested 
on pages 63—64. The fault fissure itself contains 
much breccia; on the 290-ft level rhyolite, rhyolite 
agglomerate, and breccia are found along the edges of 
the fault, as though rhyolite had been forced out along 
the fault but had been somewhat shattered by subse­ 
quent movement. On the 400-ft level the Hellena fault 
contains a large block of pre-Cambrian granite between 
walls of early White porphyry and grit of the Weber (?) 
formation; here the rocks in the footwall of the fault 
dip westward as through dragged up by the elevation 
of the hanging wall. Fragments of country rock are 
cemented by ore (fig. 73), indicating that part of the 
movement was of premineral age.

The work extends far east of the Hellena fault only 
on the 501-ft level. The east wall of the fault below 
the 290-ft level is made up of early White porphyry 
that forms a thick sill lying under grit beds of the 
Weber(?) formation and presumably just above Lead- 
ville dolomite. This White porphyry mass has been 
generally identified as a dike, but the east wall of the 
Hellena fault consists of grit beds on the 195- and 290- 
ft levels. Peculiar structural features on the east 
drift east of the Hellena fault are the several "clay 
dikes" (p. 64). At the extreme eastern end of this 
level "Blue" limestone was reported to have been found 
in drilling, but shortly thereafter this drift was no 
longer accessible and confirmation was thus prevented.

West of the shaft on the 501-ft level, the rocks are 
a series of sills of Johnson Gulch porphyry, intercalated 
with grits and sandstones of the Weber (?) formation. 
About 625 ft west of the shaft a zone of breccia and 
gouge, approximately 20 ft wide, and bordered by walls 
that show striae dipping 30° toward the southeast was 
cut; these Avails strike N. 15°-45° W. and dip 55°-65° 
NE. Beyond this fault zone is Parting quartzite, dip­ 
ping 55°-80° W., greatly shattered and yielding much 
water; its dip decreases westward, and 75 ft beyond the 
fault the overlying Dyer dolomite appears. The latest 
working is said to have struck more quartzite, repre­ 
senting either the Parting again or the thin quartzite 
at the base of the Leadville dolomite, but the mine was 
abandoned before this new exposure could be studied.

All strongly mineralized ground seen ir. the Hellena 
mine is confined to the Hellena fault and the immedi­ 
ately adjacent rocks, and this fault is clearly the trunk 
channel (fig. 89). Where it is full of gouge or sheeted 
rock, the ore is absent or lean; where it is more open, 
gash veins in the sheeted rocks or in the gouge flanking 
the fault are common; where there is no gouge in it, 
the ore shoots are strong and are the chief source of ore. 
Locally, as on the 195-ft level north and tre 501-ft level 
east, small replacement bodies adjacent to the fault have 
been stoped. Rhodochrosite is a conspicuous gangue 
mineral here, and also farther south along the Hellena 
fault (fig. 90). The chief ore minerals are galena and 
sphalerite; in the higher workings, according to re­ 
ports, some of their oxidation products occur. There 
is also much pyrite, especially in tiny veinlets in the 
country rock. During the years 1928-30 about 25 tons 
of ore were obtained from the Hellena vein or from a 
small branch vein on the 290-ft level. T'lis ore aver­ 
aged 0.18 ounce gold and 8.0 ounces silver per ton, 23.1 
percent lead, and 7.1 percent zinc; 500 tons of milling 
ore were recovered, assaying 0.14 ounce gold and 5.0 
ounces silver per ton, and 7.0 percent lead and 6.0 per­ 
cent zinc (H. H. Wallower, personal communication, 
1930). Data furnished by U. S. Bureau of Mines and 
compiled by R. D. Longyear and G. M. Schwartz show 
that in 1906-12 and in 1924 the mine produced 1,113 
short tons of ore, having a value of $45,10* and averag­ 
ing as follows: 0.16 ounce gold and 10.42 ounces silver 
to the ton, 29.5 percent lead and 0.03 percent copper.

In 1930 five holes were sunk with a churn drill west 
of the Hellena workings. Some ore containing a mod­ 
erate percentage of galena and sphalerite and consid­ 
erable pyrite was found in two of the holes.

Two points are of special interest in connection with 
the Hellena workings. One of them is the type of ore 
that locally contains considerable quantities of gold and 
rhodochrosite; these minerals indicate ?, temperature 
slightly higher than that generally prevailing during 
ore deposition in the marginal part of the Leadville 
district. A second point of interest is that, despite the
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Ore veinlet

Oreveinlet
d e

8 feet

FIGURE 89.—Section across hanging-wall part of Hellena vein, 3d level, 
Hellena mine, showing sheeting, gouge, and ore. a, shattered rock 
in foot wall; b, fault breccia; c, sheeted or bedded grit of Weber (?) 
formation; d, rhyolite, sheeted parallel to hanging wall; e, rhyolite 
breccia.

w.

FIGURE 90.—Diagrammatic cross-section of vein, showing rhodochrosite, 
Hellena mine, 3d level, a, shattered rock in footwall; 6, gouge; 
c, discontinuous vein of sulflde ore; d, discontinuous vein of rho­ 
dochrosite ; e, shattered rock in hanging wall.

indicated higher temperatures, nearly all the ore is in 
openings along the Hellena fault and very little was 
formed by replacement of the walls. Perhaps this dis­ 
tribution is due largely to the chemically resistant 
nature of the wallrock so far exposed by the workings. 
It may also be attributed in part to gouge, which pre­ 
vented ore-forming elements from spreading into the 
walls. It may be that at greater depths the limestone 
is extensively mineralized where the fault crosses the 
contact between the Leadville dolomite and the wide­ 
spread sill of early White porphyry above, although the 
limestone may have been so sealed off by gouge as to 
escape replacement. The actual depth to that contact 
here is not known, however, and data on the structural 
conditions between the Hellena fault and the fault 
found at the west end of the 501-ft level are not adequate 
to justify an estimate. A preliminary step in explor­ 
ing for such a deep ore body would be to drill holes

from the 501-ft level or from the surface, on both sides 
of the Hellena fault. In selecting drilling sites, care 
should be taken that points east of the fault are started 
far enough east of the present shaft to avoid crossing 
the fault before reaching the limestone, and thus fail­ 
ing to explore its eastern or hanging wall.

ONTARIO-LOT! DILLON GROUP

The old abandoned workings of the Ontario-Lou 
Dillon, group (O-20 to O-24, O-27 to O-30, O-42), 
are in the north wall of Iowa Gulch, nortt, and north­ 
west of the new Hellena shaft and within 1,200 ft of 
it.

The Lou Dillon (O-22) and New Orleans (O-29) 
tunnels and shafts are no longer accessible and no ore 
remains on their dumps. With the exception of the 
lowest Ontario tunnel, nothing could- be learned of
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their past output or of details of their geology. The 
identity of the rocks penetrated can be inferred from 
material on the dumps. The northward entension of 
the Hellena fault was encountered in the east workings 
connected with an old shaft on the American Con­ 
tinental claim (O-29-a), about half way between the 
Lou Dillon shaft (O-22) and the portal of the Ameri­ 
can New Orleans main adit (O-29). A hole drilled 
in the American Continental workings at their eastern 
end and just east of the Hellena fault started 110 ft 
below the surface in early White porphyry, passed 
through 171 ft of porphyry, 8 ft of fault breccia (or 
rhyolite agglomerate), and then 103 ft more of por­ 
phyry. Here the drill entered grit of Weber (?) for­ 
mation and penetrated it for a depth of 25 ft, to stop at 
a depth of 417 ft below the surface of the ground.

The Ontario claim lies about 650 ft northwest of the 
American New Orleans adits. In it are four adits and 
a shaft (O-27). They were driven along a fault that 
in places brings sills of Johnson Gulch porphyry 
against grit beds of the Weber (?) formation. Only 
the lowest adit (also called the Midas mine) was ac­ 
cessible from 1929 to 1933 (fig. 92). In it a fissure vein 
filling a fault lies between walls of Johnson Gulch 
porphyry. The vein strikes N. 6°-ll° E. and dips 
steeply west, but is joined in its hanging wall by several 
small fissures which strike about parallel but dip only 
30° W.; along them, as also along the main fissure, 
considerable stoping has been done and indeed the 
main adit is badly caved in many places under such

Vein on fault—

EXPLANATION

Fault or fissure, showing dip; 
dashed where approximately located

0 
Foot of raise or winze

Caved workings 

All workings in Gray porphyry group

50

stopes. In some places the ore-bearing material of the 
stopes still remains in the walls and consists of a silici- 
fied breccia suggesting, in the angular forms and mixed 
nature of its fragments, some of the rhyolite agglomer­ 
ate found in various workings in this area. According 
to Emmons (1886, p. 507) this vein contained coarse­ 
grained galena where the walls were porphyry, but 
was unproductive where it passed through sandstone. 
It strikes about parallel to the Hellena vein, but is 700 
ft to the west and dips west instead of east. The output 
of this group of claims is not known but Emmon? (p. 
608) cites analyses of ore from the Ontario turnels, 
rich in galena and pyrite, and containing 20 ounces of 
silver to the ton. Here also pyrite is a characteristic 
mineral, as in the Hellena mine and elsewhere in this 
area.

North of the Ontario tunnels, and apparently on the 
same vein, is the Green Mountain shaft. This property 
once supplied high-grade ore but is no longer accessible. 
Data regarding two exceptionally rich shipments made 
about 1884 are recalled by Mr. Ezra Dickerman of 
Leadville (Oral communication, 1930) as follows: 5 
tons averaging 456 ounces of gold, 42 ounces of silver, 
and 30 percent of lead; and 8 tons averaging 266 ounces 
of gold, 40 to 42 ounces of silver, and a moderately 
high percentage of lead.

The two Yale adits (O-6 and O-7) are about 810 ft 
due west of the lowest and most southern of the On­ 
tario adits. The east adit (O-6) (fig. 93) was driven 
along northeastward-trending fissures that are not ex­ 
posed at the surface. The most conspicuous of these 
fissures strikes N. 32° E. This working is chief y in 
Johnson Gulch porphyry. Near the portal, however, 
the tunnel and a northwest-trending crosscut expose a

EXPLANATION

Early White porphyry

Fault, showing dip; dashed where 
approximately located

H 
Foot of raise or winze

0 
Head of raise or winze

Coved

--Lagging

PORTAL

50 100 Feet

FIGURE 92.—Geologic map of Lower Ontario or Midas mine. All work­ 
ings show Johnson Gulch porphyry. FIGURE 93.—Geologic map of the East Tale tunnel.
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broad shear zone, irregular and filled with gouge, which 
is inferred to represent the main branch of the Weston 
fault. It brings the Johnson Gulch porphyry on the 
northeast down against early White porphyry on the 
southwest. Few signs of ore are seen.

The west tunnel (O-7) lies a hundred feet to the west 
and at slightly higher altitude (fig. 94) than the east 
adit. It is chiefly in Johnson Gulch porphyry but 
there is a small exposure of early White porphyry on 
the southwest side of a fault at the end of a west cross­ 
cut (fig. 94). Many fissures that trend N. 0°-45° E. 
and dip steeply northwest or southeast, resemble the 
fissures of the eastern adit and seem to be subsidiary 
fissures leading off from the main Weston fault, which 
is exposed in the east adit. The dump contains pyritic 
ore, partly oxidized, and small quantities of lead and

Earlier unit of 
Gray porphyry group

Fault, showing dip 

Vertical fault

Lagging-

50 100 Feet-

PORTAL

FIGURE 94.—Geologic map of the West Tale tunnel.

zinc sulfides. The mineral composition of the ore is 
similar to that in the Hellena mine, suggesting that ore 
deposited in the immediate vicinity of the Hellena and 
Weston faults in Iowa Gulch was formed at somewhat 
higher temperatures than that deposited farther east 
or west.

The shaft of the old North Star mine (O-34) is no 
longer accessible, but is said to have supplied a small 
quantity of ore from about 300 ft of workings. Several 
shallow pits lie northwest of the shaft.

FIRST NATIONAL AND JULIA-FISK GEOUP

A group of prospect pits and shafts of the First Na­ 
tional and Julia-Fisk mines lies on the northern side of 
Iowa Gulch, about 3,000 ft due west of the Hellena 
mine and about 1,400 ft due north of the Doris mine. 
With one exception, the surface workings are either 
in Leadville dolomite or in the overlying sill of early 
White porphyry. A single shaft was opened in lime­ 
stone of the Weber (?) formation. None of the larger 
openings are now accessible, so the only sources of in­ 
formation are the material on the dump rnd data fur­ 
nished by Mr. E. P. Chapman of Washington (oral 
communication, 1930), based upon his conversations 
with former miners.

The Julia-Fisk shaft (P-49) was sunk to a depth of 
600 ft, penetrating a sill of early White porphyry, the 
Leadville dolomite, and the rest of the stratigraphic 
succession down to the Sawatch quartzite. At a depth 
of 410 ft the Parting quartzite was reached. On the 
contact between this quartzite and the Dyer dolomite a 
small bedding-plane deposit of silver-bearing galena 
was found; driving northeastward, the operators mined 
ore valued at $20 per ton. In the Sawatch quartzite 
near the bottom of the shaft, a gold-bearing fissure was 
discovered, assaying 1.0 ounce gold and 4C to 50 ounces 
silver to the ton, but organizational difficulties and 
heavy pumping costs compelled the company to stop 
operations. Mining was carried on chiefly between 
1900 and 1910, and dewatering today would necessitate 
considerable initial cost. Ore on the dump contains 
galena, dark-brown sphalerite, and large quantities 
of manganosiderite. The presence of manganosid- 
erite indicates that the ore of this mine, like that of 
other mines nearby, was formed at a relatively high 
temperature.

The First National shaft (P-52) is situated 400 ft 
southwest of the Julia-Fisk mine. The surface geol­ 
ogy is like that at the Julia-Fisk shaft; the Leadville 
dolomite was reached at a depth of 198 ft by a shaft, 
which was dug to a depth of 256 ft. From this shaft 
four levels were driven—146,160, 198, anc1 246 ft below 
the collar. In 1937 the longest drift extended 375 ft 
from the shaft. A map of the mine furnished by Mr. 
G. R. Elder of Leadville in 1934 indicates a small ore 
body south of the shaft on the 246 level. Later min­ 
ing (according to E. P. Chapman) led to eastward 
drifting and developed a large body of zinc carbonate 
at a shallow depth near the east boundary of the prop­ 
erty. Work was resumed in 1937-38, when the 198-ft 
level was extended along three fractures. Selected 
samples of ore assayed 0.15 ounce of gold and 7.6 ounces 
of silver to the ton, 7.5 percent of lead, and 11.2 per­ 
cent of zinc. Descriptions suggest that there has been 
some silicification of the Leadville dolomite under the 
base of the early White porphyry that appears at the 
shaft collar; the ore body is a discontiruous blanket
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just beneath this silicified stratum (R. D. Elder, Per­ 
sonal communication, 1938). C. J. Moore (Unpub. 
rept. 1909) estimated the value of the output at $15,000. 
The large dump in 1932 yielded many specimens of 
primary minerals, including galena, dark-brown sphal­ 
erite, a little chalcopyrite, and much pyrite, and also 
some vein quartz and considerable mangaiiosiderite. 
Most of the mangaiiosiderite occurs as rhombohedrons 
with curved surfaces, and some as very thin rhombo­ 
hedrons forming rosettes, under which arsenopyrite 
commonly appears in short prisms up to 0.05 in. (1.2 
mm) in length. Both forms of mangaiiosiderite are 
mentioned in Professional Paper 148 (Eminons, Irving, 
and Loughlin, 1927, pp. 151-152). Much of the ore is 
banded because it has replaced limestone along the beds. 
The presence of mangaiiosiderite and arsenopyrite sug­ 
gests that the temperature during mineralization was 
slightly higher here than in most of the outlying parts 
of the Leadville district, and gives reason to hope for 
extensively mineralized ground in this vicinity.

The same general type of mineralized rock is seen 
in several small openings (P-45) and on their dumps, 
about 800 ft west of the Julia-Fisk shaft. The surface 
rock is Leadville dolomite and a sill of the overlying 
early White porphyry. It seems that most of the ore 
occurs at the contact of these two rocks. However, 
pieces of Parting quartzite found on one dump show 
incomplete replacement by small groups of galena and 
light-colored sphalerite crystals.

LILLIAN MINE AND ADJACENT OPENINGS

The term Lillian mine is now applied to two large 
workings and a group of several small prospects. The 
eastern of the larger workings is known as the Altoona 
adit; its portal is at an altitude of 10,673 ft. The other 
large working is the Brian Boru mine, whose portal is 
about 400 ft N. 60° W. from that of the Altoona adit.

The Altoona adit (lower tunnel, P-68) was worked 
as a prospect in 1929 and 1930. It connects with older 
workings of the Lillian mine, which are now caved and 
inaccessible. Work in the Altoona tunnel was on two 
levels. The upper level explored the Sangamon fault, 
which strikes N. 7°-8° W., dips 70° E., and is marked 
by down-dip striae. The Sangamon is one of several 
north-trending faults crossing the southern slope of 
Printer Boy Hill. Although the Leadville dolomite 
bordering the fault is considerably bleached and silici­ 
fied in places, or ore is to be seen on the upper level.

The main level, 132 ft lower (pi. 14), penetrates 
Manitou dolomite and porphyry of the Johnson Gulch 
type, which contains the typical scattered pink pheno- 
crysts of potash feldspar. Northward-trending faults 
are conspicuous in this adit. Several of them are re­ 
verse faults, but the Sangamon fault, which is well ex­ 
posed at two points, is normal.

At the northeastern end of the workings that are now 
accessible a raise passed through 83 ft of the upper part 
of the Manitou dolomite, 18 ft of red and green shale 
of the lower part of the Parting quartzite, 29 ft of typi­ 
cal Parting quartzite, and it entered the Leadville dolo­ 
mite above.

The contact between the Johnson Gulch porphyry and 
the Manitou dolomite on the main level is generally a 
fault along which the Manitou dolomite is dragged 
down so it would appear that bodies of the dolomite 
overlie the porphyry and were dropped down against 
it by faulting. At exposures in the northeastern work­ 
ings of the main level, however, the porphyry (trough 
overlying some of the dolomite) probably is a thin sill 
from one of the dikes in this region, intruded between 
beds of Manitou dolomite.

The Altoona adit (plate 14) was operated on a small 
scale during the years 1920-30, but the development 
work was disappointing. From the Nellie S. min^ sev­ 
eral fair-sized stopes were opened, presumably in the 
upper part of the Leadville dolomite above the highest 
level of the Altoona mine. The ore bodies thus ex­ 
posed were in part veins and in part small blanket de­ 
posits containing the lead minerals galena and cerus- 
site and also zinc carbonate and pyrite. The minerals 
found included lanarkite and schapbachite, botl bis­ 
muth-bearing minerals. The ore was rich in silver, 
and some contained visible native gold (Emmons, 1886, 
p. 510; Emmons, Irving and Loughlin, 1927, p. 295). 
The blankets are distinctly elongate in a north or north­ 
east direction (Eminons, Irving, and Loughlin, 1927, 
p. 295, pi. 45) and, according to the published maps, 
are parallel to the feeding fissures. The orientation of 
these blankets agrees with that of the Printer Boy vein, 
as described by Emmons (1886, p. 232)—in fact, the 
Sangamon fault or the Nellie S. fault may be identical 
with the vein found in the Love joy workings in the 
northern side of Printer Boy Hill. It is directly on the 
strike of that vein, and the sequence of rocks in the 
Love joy workings is identical with that described 
above.

The Brian Boru adit (P-62) is now largely c^ved, 
but some 300 ft of workings that can still be examined 
are in Leadville dolomite (fig. 95). An east drift about 
70 ft north of the portal enters early White porphyry 
that has been brought down against the Leadville dolo­ 
mite by a normal fault striking N. 10° E. Two small 
blanket deposits, within 250 ft of the portal, apparently 
related to other northeast-striking faults, have been 
mined out. Nothing could be learned as to the nature 
of these ores.

North and northeast of the Brian Boru and Altoona 
adits numerous small prospects have been driven in the 
beds at the top of the Leadville dolomite, just under the 
early White porphyry, and near faults trending north­ 
ward or northeastward. At several of them, copper-

998133—53- -12
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FIGURE 95.—Geologic map of the accessible part of the Brian Boru
tunnel.

stained rock is found on the dump, together with silici- 
fied Leadville dolomite and extensively sericitized and 
partly epidotized early White porphyry; such altered 
rocks have been found associated with ore but are not 
infallible indicators. Some prospects reached the 
Dyer dolomite.

West of the Brian Boru and Sangamon adits, at alti­ 
tudes ranging from 10,750 to 11,100 ft, several small 
prospects have been opened in beds below the base of 
the sill of early White porphyry that overlies the Lead­ 
ville dolomite. Most of them seem to have been driven 
along dikes of Johnson Gulch porphyry, which locally

contain a little finely crystalline, disseminated pyrite. 
Strongly silicified Leadville dolomite is also found on 
many of their dumps. However, some of these pros­ 
pects lie west of the Mike-Pilot fault complex, along 
which the west side is downthrown, and consequently 
they are in the upper part of the Leadville dolomite or 
in the overlying early White porphyry.

The widespread silicification of the lim Qstones, and 
the magnetite found on some of the dumps, indicate that 
mineralization in this area,,as in the vicinity of the Hel- 
lena mine, took place at higher temperatures than those 
of most of the marginal deposits. This magnetite is 
partly altered to hematite, and locally the Leadville 
dolomite contains small cloudy patches of finely dis­ 
seminated hematite.

MANSFIELD MINE

The Mansfield mine and the prospects within 600 ft of 
it to the southeast and east were opened for the most 
part in the outcrop of the sill of early White porphyry 
overlying the Leadville dolomite. Some of the rock 
cut by the main shaft may be bleached Jol nson Gulch 
porphyry, though the evidence is inconclusive because 
of the extreme degree of alteration. The Mansfield is a 
three-compartment shaft, said to have been sunk to a 
depth of 800 ft. It is said that some ore was found, 
but there is no record of production from: this shaft. 
Operations were stopped because cost of pumping be­ 
came excessive. Bleached, silicified, and conspicuously 
iron-stained Leadville dolomite was found en the dumps 
near the main shaft.

REX MINE

The Eex mine is the most extensive in Iowa Gulch, 
west of the Lillian mine. Mining began in 1893 and a 
shaft was sunk on what may be regarded as the Mike (?) 
fault or as its extension southwarel from its junction 
with the Pilot fault on the southern slope of Printer 
Boy Hill. The surface rock is most probably a highly 
altered member of the Gray porphyry group. A large 
flow of water, encountered at a depth of about 300 ft 
where the shaft entered the Manitou dolomite, precluded 
further deepening of the shaft. A drift wr,s begun, but 
the flow of water continued to be so large that work 
was abandoned, elespite the reported finding of a good 
graele of gold ore.

A new firm leaseel the mine in 1901, tr°! shaft was 
retimbered, and the contact between the porphyry and 
the Manitou eloloniite was explored; lead carbonate ore 
was founel which was noncommercial at that time (E. P. 
Chapman, personal communication). However, geo­ 
logical conditions seem to be generally favorable for 
the occurrence of ore along the contact between the 
porphyry and limestone or along crosscutting fissures 
because the shaft is situated on or just eas*. of the pre- 
mineral Mike( ?) fault and only 900 ft southeast of the
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small pluglike body of Johnson Gulch porphyry that 
was probably a minor center of mineralization.

Less than 2,500 ft west of the Rex shaft, and also east 
of the Dome fault, there are several openings in the 
early White porphyry. Although they are close to the 
contact between the great sill of early White porphyry 
and the underlying Leaclville dolomite, these prospect 
pits are far from all known channels of mineralization 
and would produce but negligible quantities of ore.

DORIS GROUP

The two shafts and one tunnel of the Doris mine 
(P-114) are located in an old landslide terrain, where 
bedrock is not exposed. None of the workings are now 
accessible and local geologic conditions cannot be 
closely inferred. The shaft is said to be at least 400 
ft deep. It is believed that much of the exploratory 
work was done east of the shaft, along the contact be­ 
tween the Leadville dolomite and the overlying early 
White porphyry, but some at least was in the Dyer 
dolomite. On the dump Leadville dolomite and a little 
quartzose vein matter and limonite are the principal 
materials; there is, however, a small quantity of specu- 
larite indicating, as at the Julia-Fisk group, a relatively 
high temperature of mineralization.

Mine production records of U. S. Geological Survey 
and Bureau of Mines, kindly compiled by C. W. Hen- 
derson of the U. S. Bureau of Mines, 1934, show that 
the total output of the Doris mine was about $156,000.

Three prospects (No. P-113) 500 ft west of the Doris 
mine reveal mineralized rock similar to that in the 
mine.

About 600 ft north of the Doris mine are three shafts 
and a tunnel (P-53). The Leadville dolomite is at the 
surface here and exploratory work was apparently done 
in the upper part of the subjacent Dyer dolomite. The 
rocks have been altered in ways that are commonly 
associated with ore formation, including silicification of 
some beds, the development of "zebra rock" in the Lead­ 
ville dolomite, and the pyritic replacement of a sandy 
bed, presumably that separating the Dyer and Lead­ 
ville. However, no ore was found by the writer in 
place, or on the dumps.

About 500 ft east of the last-described group of pros­ 
pects and 1,000 ft northeast of the Doris mine is a large 
group (Q-55) of shallow pits and shafts and a short 
tunnel. Leadville dolomite (in part silicified and 
pyritized) and a little sericitized early White porphyry 
were encountered.

ELLA BEELER-CLEAR GRIT GROUP

Here many geologic details can only be inferred be­ 
cause much of the valley floor is covered by alluvial and 
glacial deposits, and most of the workings are no longer 
accessible. Much of the information assembled in the 
present report was obtained from reports by mining 
geologists to whom the workings and older reports were

accessible. C. J. Moore, E. P. Chapman, G. M. 
Schwartz, and R. D. Longyear furnished unpublished 
reports and personal communications. Special thanks 
for data from a more recent study of the Clear Grit 
mine are due the E. J. Longyear Co. of Minneapolis 
and E. C. Congden of Duluth, Minn.

Thin beds of limestone that are essentially inclusions 
in the sill of early White porphyry appear above and 
south of the new Clear Grit shaft. Possibly these beds 
belong to the lower part of the Weber (?) formation or, 
more probably, to the uppermost part of the Lepiville 
dolomite, as suggested by their color, texture, and 
massiveness. If they belong to the upper part of the 
Leadville dolomite, their position in the sill of early 
White porphyry, opposite outcrops of basal sandstone 
of the Weber (?) at the Julia-Fisk shaft, suggests that 
the porphyry sill was in part transgressive, cutting the 
Leadville dolomite below its top and lifting its upper 
beds on the south side of Iowa Gulch, but advancing to 
a stratigraphically higher position between the Lead­ 
ville and the basal beds of the Weber (?) north of the 
gulch near the Julia-Fisk workings.

The mines of this group (pi. 15) are the Clear Grit 
discovery shaft (O-50), on the western part of the Clear 
Grit ground, the new Clear Grit shaft and workings, 
the Constance shaft (O-49) and tunnel, and many other 
tunnels, including Ella Beeler (O-46, O-47, O-65), 
Little Troubadour (O-49), Louisa (O-64), Little Julia 
(O-65, west), and Fortuna (O-46). The workings 
reached by way of the new Clear Grit and Constance 
shafts are loosely referred to as the Clear Grit mine. 
Most of the ore produced from this property in the 
early days was from shallow workings along ths Con­ 
stance tunnel, reputedly driven on the western branch 
of the Weston fault. Some ore was also found at 
greater depth in a "contact" deposit between the Lead­ 
ville dolomite and a sill of early White porphyry. The 
chief ore minerals were pyrite and silver-bearing sphal­ 
erite. The fissure vein mined was as much as 20 ft 
in width and locally had a high content of leac1 . The 
"contact" body was at least 250 ft long and some assays 
showed as much as 3,940 ounces of silver to the ton, 
but the average was 12 ounces. Production of this type 
of ore began in 1883, but was temporarily discontinued 
about ten years later. The estimated value of tiN total 
output from these operations is, according to an appar­ 
ently trustworthy unpublished report by C. J. Moore, 
$14,000 including some $12,000 for 638 short tons mined 
in 1883-84. This report by Mr. Moore presents sections 
of these earliest workings with stoping on two levels, 
one at a depth of 80 ft below the surface.

By 1885 the so-called Clear Grit vein, along the main 
Weston fault, had been discovered in work east of the 
Little Troubadour tunnel in the northern part of the 
Clear Grit claim. The ore was much like that from 
the Constance workings. Two fissure veins were f oimd,.
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1 to 4 ft wide with ore shoots containing 30 to 50 ounces 
of silver to the ton; a third, about 6 in. wide, contained 
native silver, ruby silver, and enargite in ore assay­ 
ing as much as 300 ounces of silver to the ton. Figures 
quoted by Moore show an output for 1885-89 of 84,600 
short tons of ore, with a total average assay of 8.4 per- 
(Cent of lead, 0.06 ounce of gold, and 46.2 ounces of 
silver to the ton. Some doubt, however, attaches to 
the total tonnage figure quoted.

In 1885 work was directed chiefly still farther east, 
mainly to the three Ella Beeler tunnels, operating on 
the southward extension of the Hellena fault (pi. 15). 
These operations are properly designated the Ella 
Beeler workings. The only accounts of them available 
to the writer are those by C. J. Moore (see pi. 16). 
Most of the ore produced came from the Hellena fault 
fissure itself (fig. 96), where masses of rhyolite ag­ 
glomerate were found. George Hartmann (personal
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communication, 1932), reports that one ore shoot, about 
100 ft long and 7 ft wide, assayed $100 per ton. Subor­ 
dinate shoots were found where the fault intersected 
the contact between the Sawatch quartzite and the un­ 
derlying pre-Cambrian granite, and fairly large bodies 
of oxidized ore were developed along the Hellena fault 
at the contact between shale of the Peerless formation 
and an overlying sill of early White porphyry. An in­ 
complete record of production given by Moore is as 
follows:

Output of Ella Beeler workings

Upper tunnel, Hellena vein- 
Lower tunnel, Hellena vein-

Upper tunnel, Hellena vein- 
Lower tunnel, Hellena vein-

Total-. -----------

Period

1889-91 
1903-13 
1885-90

Zinc 
(percent)

10.2
11. 7

Silver (ounces 
per ton)

31.6 
22. 9
48. 1

Lead 
(percent)

21.3 
14.4

Weight 
(short tonsl

138. 151 
494. 36<i 
102. 167

734. 684

Gold 
(ounces 
per ton)

0.47 
.40

Value

$4, 789. 71 
9, 852. 62 
2, 307. 00

16, 949. 33

FIGURE 96.—Geologic map of accessible part of Ella Beeler tunnel.

The New Clear Grit shaft, located wes* of the Ella 
Beeler workings, was last operated in 1930. It pene­ 
trated a sill of early White porphyry and reached the 
Leadville dolomite at a depth of 398 ft. At this point an 
unusually vigorous flow of water (probabl7 from one of 
the branches of the Weston fault, for the ground is de­ 
scribed as having been heavily shattered) forced aban­ 
donment of the work. As in the Hellena mine, pyrite 
is one of the most conspicuous minerals of the ore in 
this group of prospects, especially in the smaller open­ 
ings in the slope of Long and Derry Hill.

The Heady Cash or Two Mile High adit (O-69, west 
tunnel) is about 1,800 ft southeast of the new Hellena 
shaft and approximately 1,200 ft east-southeast of the 
Ella Beeler workings (pi. 15). It is said (W. D. Leon­ 
ard, personal communication, 1934) to have had a gross 
output valued at $480,000, chiefly from two small veins 
in the pre-Cambrian granite. These veinr are reported 
to have strikes of N. 25° E. and N. 45° E., and to dip 
50 degrees or more to the southeast, thus trending about 
like the Union fault; they may be related to the local 
monocline or, as mentioned on page 74, may be regarded 
as the diverging branches of the Union fault where it 
fingers out. The ore was siliceous and galena-bearing 
with large amounts of gold and silver. Considerable 
free gold and some secondary silver chloride are re­ 
ported (Emmons, 1886, p. 508). Some ore was pro­ 
duced from the slightly lower Big Chicago tunnel 
(O-70, east tunnel), the main body of tH deposit oc­ 
curring as a vein said to trend N. 30° W.
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LONG AND DERRY HILL

A thick alluvial cover conceals the bedrock geology 
almost wholly on the lower, western slopes of Long and 
Derry Hill from the Musk Ox shaft (S-17) westward. 
Scattered outcrops and deeper workings, such as the 
Musk Ox shaft, give just enough evidence to indicate 
that there are two major faults trending about south- 
southeast approximately 1,500 to 3,000 ft west of the 
Musk Ox shaft—probably the Dome and Iron faults 
respectively.

Evidence of the bedrock geology west of the Musk 
Ox shaft is too scant to merit further discussion. Ex­ 
posures to the east also are few, up to the point where 
the road from Iowa to Empire Gulch crosses the crest 
of Long and Derry Hill. Still farther east exposures 
are fair on both slopes of Long and Derry Hill, and 
tunnels and shafts furnish abundant clues to the geol­ 
ogy on the ridge crest where the bedrock is largely 
concealed by timber and soil. The geology of this part 
of Long and Derry Hill, east of the road from Iowa 
Gulch to Empire Gulch, is much like that of Iowa Gulch 
to the north. The beds dip gently eastward. In the 
columnar section presented below, the thicknesses of 
the sills are averages only, since they vary greatly from 
place to place.

Generalized columnar section of formations exposed on Lower 
Long and Derry Hill between Mike and Weston faults

Thickness 
(feet)

Weston fault
Sill of early White porphyry_________ 20 
Shale and grit of Weber (?) formation__ 120 
Sill of early White porphyry_________ 150 
Shale and grit of Weber (?) formation__ 120 
Sill of Gray porphyry group_________ 130 
Shale and grit of Weber (?) formation___ 120 
Sill of early White porphyry_________ 460 
Leadville dolomite________________ 260 
Dyer dolomite member of Chaffee formation- 40 
Sill of early White porphyry (local)___ 50 
Dyer dolomite member of Chaffee formation- 30 
Parting quartzite member of Chaffee

formation ___________________ 40 
Manitou dolomite (upper part only)_____ 80 
Sill of Iowa Gulch porphyry_________ 100± 
Mike fault

This sequence, like the similar one on the southern 
slope of Long and Derry Hill, is repeatedly broken by 
faults. The direction and amounts of these displace­ 
ments vary, but the faulting has generally brought older 
rocks to the east against younger ones to the west. Like 
the faults on Printer Boy Hill, several of those on Long 
and Derry Hill are occupied by dikes of Johnson Gulch 
porphyry.

Mineralization here was scattered and nowhere in­ 
tense. A few short tunnels are located on the northern 
slope of Long and Derry Hill but the largest openings, 
by far, are the Belcher tunnel (P-105), the Kenosha 
mine (T-6, T-7, and T-10), the Musk Ox shaft (S-17),

and the prospects near the Faint Hope tunnel along the 
crest of lower Long and Derry Hill (T-12 to T-35). 
Much placering has been carried on below an altitude 
of 10,900 ft on the southwestern spur of Long and Derry 
Hill.

PROSPECTS AND MINES NEAR CREST OF LOWER LONG AND 
DERRY HILL

The group of prospects near the crest of Lower Long 
and Derry Hill consists of two shafts, each about 50 ft 
deep, and a long tunnel, now caved. Much iron-stained 
limestone, apparently from the uppermost part of the 
Leadville dolomite, appears on the tunnel dump; it is 
typical of the "contact" or "vein material" that so com­ 
monly occurs just under the sill of early White por­ 
phyry that here overlies the Leadville dolomite.

The prospects, long abandoned, are described by Em- 
mons (1886) under the names Faint Hope (T-15), 
Diana (T-16), Homestake (T-23), Gildersleeve 
(T-34), Campbell (T-34 and T-35), Porphyry (T-22), 
and Himalaya (T-21); they seem to have been designed 
chiefly to explore the upper beds of the Leadville dolo­ 
mite. In describing the Faint Hope tunnel, Emmons 
stated that it was connected with the Porphyry shaft, 
which was siink through 46 ft of "vein material" com­ 
posed of low-grade ore. Most of the mines mentioned 
above were operated in a single ore body or several 
closely spaced ore bodies. Collectively, they are com­ 
monly called the Long and Derry mines. Apparently 
a large part of the output was from discontinuous 
masses extending downward irregularly into the lime­ 
stone. Parts of these bodies cropped out on the surface 
and were thus among the earliest ores discovered in the 
Leadville region. Small bodies of pyritic ore were 
found, but apparently the chief primary ore mineral 
was galena, with which were associated noteworthy 
quantities of cerussite and cerargyrite. The most con­ 
spicuous outcrops consisted of black rock that i? now 
identified as silicified Leadville dolomite, thoroughly 
impregnated with oxides of iron and manganese (Em­ 
mons, 1886, p. 509).

BELCHER TUNNEL

The main Belcher tunnel (P-105) and the adjacent 
minor adits are all caved. They are driven in Lead­ 
ville dolomite, just a little above the top of the Dyer 
dolomite, which they enter virtually along the strike of 
the beds, about S. 20° E. Because they are thus di­ 
rected, the tunnels fail to reach the top of the Leadville 
dolomite. Some of the dumps, however, contain galena 
and a little calamine, and one shows considerable chal- 
copyrite. Each of the openings clearly follows a small 
fissure or fault, along at least two of which dikes of 
Johnson Gulch porphyry have been intruded.

Iron-stained, silicified Leadville dolomite of the kind 
here so common crops out near the portal of the Belcher 
tunnel. Emmons (1886, p. 229) records also the pres-
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ence of an ore body in the "lower Blue limestone1' which 
was developed by the main Belcher tunnel. From this 
group of prospects E. P. Chapman (Personal com­ 
munication, 1936) reports the mining of several small 
ore bodies, chiefly by lessees; the ore assayed 30 to 150 
ounces of silver to the ton and occurred in pockets along 
inconspicuous fissures, presumably related to the faults 
mentioned above.

KENOSHA MINE

Old workings of the Kenosha mine lie on each side of 
the Mike fault. The two prospects west of the fault 
are in early White porphyry. Those east of the fault 
consist of an old caved shaft and several pits; they 
penetrated Parting quartzite, Dyer dolomite, and dike 
rock of Johnson Gulch porphyry. Considerable iron- 
stained limestone came from these workings; some 
nodules, selected by Emmons (1886, pp. 227, 557, 602) 
for analysis, contained 21.10 percent insoluble matter, 
7.7 percent Fe2O3, 65.98 percent MnO, and 0.12 percent 
silver. There is no evidence that the outcrop here was 
large.

MUSK OX MINE

The equipment of the Musk Ox mine (S-17) was ex­ 
tensive and included a boiler house, several cabins, and 
a well-timbered shaft. The shaft is no longer accessi­ 
ble, and nothing could be learned of earlier operations 
in it. Material found on the dump and evidence in 
nearby openings such as the two shafts of prospect 
S-16 reveal that the bedrock nearest the surface here 
is a sill of early White porphyry; below this the shaft 
entered the Leadville dolomite and some of the frag­ 
ments found were from the Dyer dolomite (as indi­ 
cated by their slightly sandy texture and their pinkish- 
gray, buff and yellowish colors). No ore could be 
found on the mine dump, and records or even rumors 
of ore discoveries are lacking. *

The next prospects to the west (S-12 and S-13) have 
Leadville dolomite on the dump, suggesting that the 
prospects are separated from the Musk Ox shaft by a 
small fault, trending due north. The first large fault 
(the Dome fault) is about 1,200 ft west of the Musk Ox 
shaft. As this is a post mineral fault (Emmons, S. F., 
Irving, J. D., and Loughlin, G. F., 1927, pp. 92-93 and 
pi. 39) there is no reason to believe that the Musk Ox 
mine holds special promise of ore. However, it does 
penetrate to the horizon most favorable for mineraliza­ 
tion—the top of the Leadville dolomite.

PLACER PROSPECTING

Minor gold placer diggings are found in the gravels 
and sands spread over the lower southwestern slopes of 
Long and Derry Hill, and there are numerous prospect 
pits on both sides of the northeastern head of Thompson 
Gulch in the terrace material that lies at altitudes 
below 10,850 ft. Some attempts to reach bedrock are 
indicated by several timbered shafts that range from

50 to 100 ft in depth. Examples are S-5 (a two-com­ 
partment, timbered shaft), S-9 (an 80-ft shaft), and 
S-49. A few tunnels (such as S-40) have, been driven 
in the same terrace material, presumably in a vain 
search for bedrock. This extensive prospecting proves 
that between Iowa and Empire Gulches, at altitudes 
lower than 10,700 ft, the alluvial cover on pre-Tertiary 
bedrock is mostly more than 25 ft thick and, very prob­ 
ably averages 50 to 75 ft in thickness. Bedrock min­ 
ing has virtually been abandoned bee? use of this 
alluvial cover.

The origin of the unconsolidated deposits covering 
bedrock in this area has been discussed in detail on 
pages 16-18. The gravels and sand that make up these 
prominent terraces are due to alluviation, possibly con­ 
nected with glaciation but more probably resulting 
from relatively rapid uplift and the consequent deposi­ 
tion from overloaded streams. Therefore, the deposits 
are not confined to the bedrock valleys but are spread 
over the divides between, much as desert wash is dis­ 
tributed over mountain spurs by the merging of the 
alluvial fans of a piedmont plain. The material ob­ 
served in prospects and other opening? consists of 
poorly sorted particles of all sizes, among- which boul­ 
ders are conspicuous. Some of the boulders are poorly 
rounded but none of those found on the higher levels 
was observed by the writer to be either striated or 
faceted, except in the great valleys of lowr, and Empire 
Gulches, where the moraines lap against the sides of 
the terraces. Some terrace cuts expose sandy beds— 
sand and gravel in which the boulders are embedded. 
In other places, as in prospects S-33 to S-35, water 
stands permanently though the pits are only 10 ft deep 
and are situated nearly 500 ft above the valley floor— 
an almost certain sign that a moderately continuous 
silt layer underlies the immediate locality.

There is no record of gold produced from any of 
these prospects, and the fact that none of them has 
been enlarged beyond the prospect size indicates their 
low potentialities as sources of placer gold. All the 
larger placers in the Leadville district r re in stream 
valleys; the dredging operations in the valley between 
Half Moon and Lake Creeks at Hayden, the placering 
along California Gulch, and earlier placering along 
Colorado Gulch and in the main Arkansps Valley due 
west of Leadville are typical examples. In contrast (if 
the above explanation of the origin of the high terraces 
is correct) those terraces between Iowa and Empire 
Gulches are composed of material transported only 
short distances down the adjacent slopes, partly by 
short streams, partly by slope wash. The sorting nec­ 
essary to build up rich placer deposits wonld have been 
relatively slight in these alluvial gravels. Further­ 
more, the adjacent higher bedrock, though locally con­ 
taining rich gold ores, generally contained lead-zinc- 
silver ores characteristic of the marginal, gold-poor
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facies of mineralization; the hope of finding placer 
gravels rich in gold on the high terraces is therefore 
still further reduced. The most promising areas are 
in the valleys of Iowa and Empire Gulches, below the 
level of the intervening high terrace whose surface 
along a given meridian is generally 400 to 500 ft above 
the floors of the two gulches. These gulches contain 
deposits made by streams that have been flowing over 
some mineralized bedrock, and the stream sorting is 
confined to definite channels in which available gold 
may have been concentrated into small deposits rich 
enough for exploitation.

TIPPER LONG AND DERRY HILL AND WEST SHERIDAN 
MOUNTAIN

About 2,000 ft west of the 12,040-ft summit of Upper 
Long and Derry Hill is the plexus of faults here desig­ 
nated the Hellena-Weston-Iowa fault complex. The 
Union fault breaks into several smaller fractures whose 
traces are seen on the north slope of Upper Long and 
Derry Hill. The crest of the hill is composed of Cam­ 
brian rocks and evidence of mineralization is negli­ 
gible. At the east end (about 1,000 ft east of the 12,040- 
ft summit) the Ball Mountain fault crosses the crest, 
faulting Manitou dolomite on the east against the Cam­ 
brian rocks; what appear to be branches of the same 
fault repeat the pattern with higher beds for another 
1,000 ft eastward. Still farther east (2,000 ft due east 
of the 12,040-ft summit) the great Mosquito fault 
crosses the ridge, and the rocks in the east wall of the 
fault are upthrown 400 to 500 ft, locally bringing pre- 
Cambrian rocks against a sill of early White porphyry 
intruded along the top of the Dyer dolomite. Between 
the Mosquito fault and the northern peak of West 
Sheridan Mountain are several smaller faults having 
the same relative throw as the Mosquito fault.

Aside from these faults, the geology of this area is 
relatively simple. The sequence is normal and the 
strata dip uniformly and gently eastward. Several 
sills of early White porphyry have invaded the Cam­ 
brian formations; they are thin west of the Ball Moun­ 
tain fault but thicken in the downfaulted block between 
it and the Mosquito fault. The north peak of West 
Sheridan Mountain is capped by an early White por­ 
phyry sill; this sill lies generally above the Manitou 
dolomite but is slightly transgressive, so that a thin 
wedge of Parting quartzite lies beneath it on the south­ 
ern edge of the north peak. Another sill of early White 
porphyry overlying the Dyer dolomite is exposed on 
Upper Long and Derry Hill just west of the Mosquito 
fault and also on the south peak of West Sheridan 
Mountain. Dikes of Johnson Gulch porphyry occupy 
faults cutting the block between the main Ball Moun­ 
tain and the main Mosquito faults. Similar dikes and 
a prominent, somewhat transgressive, sill occur on the 
northwestern, northern, and northeastern slopes of the 
north peak of West Sheridan Mountain. Here also are

two sills of Iowa Gulch porphyry, the easternmost ex­ 
posures of this type of rock. A dike of later White 
porphyry cuts across the saddle separating West Sheri­ 
dan Mountain from Mount Sheridan.

There are no large openings or mines in this area. The 
crest of Upper Long and Derry Hill is pitted with 
small openings but only a few of them or their dumps 
are at all promising. Of most interest in this locality 
are the gold deposits in the Cambrian rocks and lead- 
zinc-silver deposits in the limestones under the larger 
sills of early White porphyry. The moderately prom­ 
ising gold prospects include several openings in and 
near the Latch, Tilton, and Belcher claims, the tunnels 
at altitudes of 11,500 to 11,750 ft on the north slope of 
Upper Long and Derry Hill, and the tunnels on the 
eastern slope of the north peak of West Sheridan 
Mountain. The most promising example of the lead- 
zinc-silver deposits comprises the workings on the 
southern slope of the south peak of West Sheridan 
Mountain.

LATCH, TILTON, AND ADJACENT CLAIMS

Prospecting on the Latch and Tilton claims is rep­ 
resented by several shafts (N-142, N-143, and O-Y5), 
all abandoned long ago and now completely caved. 
All seem to have been in Cambrian quartzite or sHle of 
the Peerless formation. They are said to have been 
worked for gold. Although they are located on c^ near 
the trace of the main Ball Mountain fault, none seems 
to have struck large deposits of ore. A little- iron- 
stained rock is exposed.

On the dumps of prospects N-139 to N-141 the domi­ 
nant rock is Sawatch quartzite, with some fragments 
from sills of early White porphyry. Here the lowest 
working (N-139) is a caved tunnel in the lower part of 
the Sawatch quartzite, in which are many minor frac­ 
tures, deeply stained with manganese dioxide. About 
150 ft higher and 500 ft southwest is a caved shaft 
(N-140), in a higher zone of deeply iron-stained Cam­ 
brian rocks. The tunnel (N-141), in the same type of 
rock, is no longer accessible. The history of opera­ 
tions on these claims is not available but it is rumored 
that gold ore was found in small pockets like those on 
the south side of East Ball Mountain.

PROSPECTS ON EASTERN SLOPE, NORTH PEAK, WEST SHERIDAN 
MOUNTAIN

Aii opening (U-13) evidently driven in search for 
gold in the topmost Sawatch quartzite enters the black 
top bed of quartzite on the eastern slope of north West 
Sheridan Mountain. The adit extends 40 ft N. 70° W. 
from the portal and has a branching drift extending 
20 ft southwest along the jointing. Like those of the 
two preceding groups, this prospect yielded a few 
pockets of high-grade gold ore from small-scale 
operations.



152 GEOLOGY AND ORE DEPOSITS, WEST SLOPE OF THE MOSQUITO KANGE

TUNNELS ON SOUTHERN SLOPE, WEST SHERIDAN MOUNTAIN

At an altitude of 12,750 ft on the southern slope of 
West Sheridan Mountain are twe tunnels and a shallow 
pit (U-34) within a radius of approximately 250 ft. 
They are located just above or below the Parting quart- 
zite. The minerals on their dumps are typical of all 
local prospects that are in this approximate strati- 
graphic position. They include bladed barite, which has 
replaced the Maiiitou dolomite, and a little galena, which 
filled fissures and to a small extent replaced the lime­ 
stone. The history of these small operations is not 
known. They are very difficult of access and wTere never 
highly productive, but indicate that this ground is mod­ 
erately favorable for ore deposition.

MOUNT SHERIDAN, CREST AND EASTERN SLOPE

The crest of Mount Sheridan is made up of a sill of 
early White porphyry at least 200 ft thick. Beneath 
this porphyry in descending stratigraphic sequence oc­ 
cur a dense blue-gray basal quartzite bed of the 
Weber (?) formation, a thin zone of black carbonaceous 
shale, and the sequence of beds common in the Lead- 
ville and Dyer dolomites. On the southern slope, how­ 
ever, a sill of early White porphyry, 150 ft thick, lies 
within the Dyer dolomite. On the northern slope a 
sill of White porphyry separates the Manitou dolomite 
from the Peerless formation, but this sill thins ab­ 
ruptly, and ends against a fault a short distance to the 
southwest. A third sill of early White porphyry, about 
30 ft thick, occurs within the Sawatch quartzite and 
is exposed both on the northwest and southwest slopes 
of Mount Sheridan. Because of the eastward dip of 
the beds no rocks older than the Dyer dolomite are 
exposed on the floor of the Fourmile Amphitheater, 
just east of Mount Sheridan.

This sequence is broken by several faults. Some of 
those described for the southern part of the Iowa Am­ 
phitheater (pp. 69-70) extend southward across the 
westward-trending ridge that connects Mount Sheridan 
with West Sheridan Mountain. Along most of these 
faults the west side is downthrown. One low-angle 
fault, striking northwest and dipping northeast, dis­ 
places the Dyer-Leadville contact on the southern slope 
of Mount Sheridan and suggests in strike and in flat­ 
ness of dip the reverse faults (p. 70) associated with 
ore bodies on the western slope of Mount Shermaii. 
Between Peerless Mountain and Mount Sheridan this 
fault is displaced locally by small normal faults. 
Traces of such normal faults are clearly evident along 
the steep eastern wall of the Empire Amphitheater.

Few of the dikelike intrusives are large bodies. One 
small dike and sill of later white porphyry, with good 
columnar jointing, cuts a sill of early White porphyry 
and the adjacent beds of the Dyer and Leadville on 
the southerly slope of Mount Sheridan, about 1,800 ft 
south-southeast of the summit.

The slopes of Mount Sheridan have b?en explored 
in many small prospects. Those on the northern side 
were described on page 138 (see Noe. U-23 and 
U-33). Mining and prospecting have never been ex­ 
tensive near the crest of the peak, partly tacause of the 
poor accessibility. Prospects on the southern slope 
(U-29, U-31, and U-32), and in the sag between 
Peerless Mountain and Mount Sheridan (U-30 and 
U-65) are moderately promising. These prospects are 
briefly described below. The Hilltop mine, less than 
a mile northeast of the summit of Mount Sheridan, was 
very productive. The area surrounding the Hilltop 
mine is not included in the topographic b?,se of plate 1, 
but a description of the mine is given

PROSPECTS ON SOUTHERN SLOPE OF MOUNT SHERIDAN

Of the three prospects on the southern slope of 
Mount Sheridan the two northern ones (U-31, TJ-32) 
are caved tunnels and the third (U-29) is a shallow 
shaft. All are on or very near the contact between the 
Leadville dolomite and the Weber (?) f carnation, and 
all, as shown on the map, are along or near faults and 
have breccia on their dumps. Ore from the middle 
opening (U-31) is considerably copper-stained. Rock 
from the other two openings is discolored with linio- 
nite. Nothing is known of the history of these long- 
abandoned openings.

PROSPECTS IN SADDLE BETWEEN MOUNT SHERIDAN AND 

PEERLESS MOUNTAIN

Prospects U-30 and U-65 are in the saddle between 
Mount Sheridan and Peerless Mountain, near the con­ 
tact between the Leadville dolomite and an overlying 
sill of early White porphyry; they occupy positions 
in the hanging wall of a very gently dipping fault 
(p. 71) and just east of its trace. Fault breccia is 
found on the dumps and the country rock is silicified 
and iron-stained, but signs of ore are absent.

HILLTOP MINE

The Hilltop mine is just east of the Mosquito Kange 
about 3,000 ft due northeast of Mount Sheridan (fig. 
97) . Though it is outside the area covered by the base 
map of the Leadville district, this area was visited in 
1931 for five days and the surface geology carefully 
studied. A topographic base was prepared at the time ; 
subsequently a topographic map 011 a smaller scale was 
made by topographers of the U. S. Geological Survey 
as part of a larger project. The surface geology of 
this area was examined also by Q. D. Singlewald and 
R. D. Butler of the Geological Survey, to whom thanks 
are due for data and helpful suggestion^.

The Hilltop mine (fig. 98) consists of two shafts, 
extensive underground workings, an open-cut, and 
several small openings. From the mine r, trail, plainly 
marked but not in good repair, exterds westward, 
crosses the Mosquito Range at Hilltop Pass, 13,150 ft
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FIGURE 97.—Location of Hilltop area in relation to Leadville and chief physiographic features.

above sea level, and joins the road down Iowa Gulch. 
A poor wagon ro^H. extends two miles eastward from 
the mine to the mill and cabins at the deserted camp 
of Leavick. From Leavick a road that can be traveled 
by automobile extends northeast to Fairplay. The 
mine is in Fourmile Amphitheater, a typical cirque. 
The camp is at the lower end of Fourmile Amphithea­ 
ter, at its junction with a similar amphitheater. The 
local physiographic features are mainly of glacial 
origin.

The bedrock geology is much like that along the 
range to the west (fig. 56). The base of the Weber (?) 
formation is characterized by a white to blue-gray 
quartzite approximately 35 ft thick, well exposed about 
2,400 ft south of the No. 2 Hilltop shaft. The chief 
ore-bearing rocks are the Leadville and Dyer dolo­ 
mites, here mapped together as the "Blue" limestone 
of Emmons because not clearly distinguishable in the 
few exposures. The dominant igneous rock is a very 
thick sill of early White porphyry. The lower 800 ft 
of this sill is found here but the total thickness is 1,200 ft 
where exposed on the west slope of Mount Sherman. 
Lenses of the Weber (?) strata are included in this 
sill; two of these lenses are exposed on the north wall 
of the cirque in which the mine is located and a third, 
about 30 ft thick, crops out 1,000 ft east of the 
mine. A dike with a maximum width of 46 ft and a 
strike of N. 20° W., said to be composed of a member 
of the Gray porphyry group, was found in the north­ 
eastern end of the mine; if, as is asserted by the former

998133—53———13

mine operators, this dike dips T0°-90° W., its projec­ 
tion would bring it to the surface about 150 ft east of 
the No. 2 shaft, but the bedrock here is covered by talus 
and no outcrop of the dike could be found.

Structurally the area is a part of the regional homo- 
cline typical of this part of the Mosquito Kange. Five 
faults have been inferred or recognized at the surface 
(fig. 56). The Hilltop fault is of considerable eco­ 
nomic importance, for the workings of the Hilltop mine 
are along it. The fault strikes N. 21° E., and dips 70° 
NW., offsetting the contact between the Leadville dolo­ 
mite and the Weber (?) formation in a way (fig. 56) 
that suggests that along the northern end of the fault 
the upthrow is to the east, whereas at the southern end 
it is to the west. A more reasonable interpretation is 
that the movement is chiefly horizontal, the eastern 
side having moved relatively northward. The Hilltop 
fault is evidently of premineral age as the larges* ore 
shoot in the Hilltop mine lies in or alongside it.

Two minor faults trending N. 35° W. are outlined 
by the Lincl and Stewart drifts in the Hilltop work­ 
ings and by breccia zones on the surface. The dip of 
the western fault is 70° SW. but that of the eastern 
fault is not known. The shape of ore bodies developed 
in the Lind and Stewart stopes (fig. 98) has led miners 
to infer the presence of a postmineral fault trending 
about N. 33° E., some 250 ft ESE. of the No. 2 Hilltop 
shaft, but the evidence at hand does not justify this 
interpretation.
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FIGURE 98.—Map of claims and workings of the Hill Top mine.

The abrupt discontinuity of lenses of the Weber (?) 
formation in the northern part of the area mapped is 
attributed to a fault trending N. 45° W. that is be­ 
lieved to be continuous with one that was exposed in 
the Last Hope drift of the Hilltop mine. It is here 
called the Fulton fault because of its presence on the 
Fulton claim. This fault probably unites with the 
three faults mapped about GOO ft north of the Hilltop 
No. 2 shaft.

A small fault trending N. 5° W., with an apparent 
downthrow on the east side, is seen in the southern part 
of the area. Probably the chief component of move­ 
ment along this fault is horizontal, the east side moving 
relatively southward to set Leadville dolomite in the 
east wall against quartzite of the Weber (?) forma­ 
tion in the west wall; this may account for a sharp 
steepening in dip of the quartzite to 55° on the west 
side of the fault (fig. 56). Evidence has been cited of 
important horizontal movement parallel to the planes 
of several of these steeply dipping faults, as 011 the 
Hilltop fault and the small southern fault. In addi­ 
tion, the Lincl fault is said to have been marked by 
horizontal striae. These strong evidences of hori­ 
zontal movement are like those seen in the Continental 
Chief mine, about 1% miles north of the Hilltop mine 
(p.133).

On the dumps of the Hilltop mine and in several of 
the neighboring prospects the ore consists of a highly 
leached and oxidized limestone, partly replaced by ro­ 
settes of barite and by irregular, spongy-textured areas

of grayish or dull olive-green smithsonite. Locally, 
quartz, straw-colored siderite, and|tecry?tallized cal- 
cite are present. Small amounts of aurichalcite, and 
of light-blue smithsonite, resembling the well-known 
specimens from Laurion, Greece, were found oil the 
dump of the Hilltop mine.

In addition to the ores described above, considerable 
bodies of galena, with small quantities of pyrite and 
chalcopyrite, were mined, mostly in the deeper work­ 
ings. The sulfide ore had a high silver content.

Oxidation evidently extended to the deepest parts 
of the mine. A typical ore shoot is said to be composed 
of a central mass of galena with very small quantities 
of sphalerite, bordered by a thick sheathing of smith­ 
sonite. A little gold (0.01 to 0.02 ounce to the ton) is 
reported in a few ore bodies. The knowr tenor of the 
ore, like that of the Continental Chief mine, averaged 
about 25 ounces of silver to the ton and 20 percent of 
lead. These figures, which probably refer to ore pro­ 
duced before 1901 are from a manuscript by M. F. 
Crosette, dated 1919. The report was made available 
through the courtesy of Mr. W. W. Price of Denver, 
Colo. In later years the ore mined was chiefly in the 
form of oxidized zinc minerals, especially carbonates, 
which contained more than 40 percent of zinc but in­ 
cluded also two carloads assaying 0.06 ounce of gold 
and 15 ounces of silver to the ton, and 45 percent of 
lead (J. B. McDonald, personal communication, 1932). 
In general, these oxidized ores strongly resemble those 
described by Emmons, Irving, and Loughlin (1927,,
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p. 240, fig. 65-C) from the central Leadville district, 
and also the ores of the Continental Chief and other 
mines nearby (p. 136). This type of mineralization is 
characterized in the primary ore by large proportions 
of galena and light-colored sphalerite and a moderate 
to fairly high content of silver in unknown forms, by 
a relatively large proportion of zinc carbonate in the 
oxidized ore, by small unevenly scattered quantities of 
gold and by the conspicuousness of barite as a gangue 
mineral.

The Hilltop mine is the only mine in the immediate 
area with a record of large output; the other openings 
are shallow shafts or short tunnels. The mine is no 
longer accessible and the following account is based on 
the maps still available and on descriptions furnished 
by former operators, especially Messrs. J. B. McDonald 
of Leadville and S. P. Doran of Denver. The map 
(fig. 98) shows the principal features of the mine. The 
main ore body was in the Hilltop stope along the Hill­ 
top fault. This ore body had a length of 1,450 ft, a 
maximum width of 70 ft, and was said to reach a maxi­ 
mum vertical height of 70 ft; it had a cylindrical form 
the long axis of which extended northeast and inclined 
gently in that direction. Access was by the No. 1 shaft 
(70 ft deep) and by the main or No. 2 shaft (540 ft 
deep) ; the latter passed through 400 ft of early White 
porphyry and presumably 35 ft of quartzite at the base 
of the basal Weber(?) formation before reaching the 
Leadville dolomite. The ore shoot came to the surface 
up the dip, ending on the Last Chance claim in an open- 
cut that marked the southern limit of the ore. North­ 
ward the ore body terminated where the Hilltop fault 
was cut by the Lind fault. In the Hilltop fault the ore 
extended farther northeast on the upper than on the 
lower levels.

The Lind and Stewart stopes were in similar ore 
bodies. The former was 440 ft long and had a maxi­ 
mum width of 40 ft; the latter yielded ore discontinu- 
ously for a distance of 840 ft and, according to report, 
had a width of 10 to 20 ft and a vertical height of 15 
to 40 ft. Apparently the two stopes were separated 
by the nearly vertical dike of a member of the Gray 
porphyry group, which in one place was in contact 
with the Lind stope and was there marked by hori­ 
zontal striae. An eastward cross cut from the Stewart 
stope developed two small ore bodies shown on the 
map.

The Lind and Stewart ore shoots die out southward, 
but no cross fault is known that could account for this 
fact. Perhaps it may be due to gradual weakening of 
the solutions as they moved southeastward, away from 
the main channel of circulation and away from the base 
of the early White porphyry sill below which the ore is 
commonly concentrated.

Individual ore shoots of the Hilltop mine strikingly 
resemble those of the Continental Chief mine (Lough-

lin and Behre, 1934, pp. 231-232, 242-243) ; they are 
replacements near solution channels and not great 
"blankets" or "contact" deposits like those in the more 
intensely mineralized areas nearer Leadville (Em- 
mons, Irving, and Loughlin, 1927, pp. 117, 138). In 
this respect they also resemble most of the ore shoots 
at Alma, Colo. (Singewald and Butler, 1933, pp. 103- 
107), and also those at Aspen (Vanderwilt, 1935, pp. 
240-241). Apparently the ponding agent at the Hill­ 
top mine was in part the sill of early White porphyry, 
in part the dense basal quartzite of the Weber (?) for­ 
mation. A shale, like that forming the roof of the ore 
in the Continental Chief mine, was exposed in the Last 
Hope stope, but lay above the ore and quartzite, and was 
separated from the latter by a sill of White porphyry.

The Hilltop claims were located about 1875, but early 
work, up to 1883, was confined to the outcrop of the ore 
body on the Last Chance claim. From there the work 
was carried northward, at increasing depth. The large 
stope at the northern end of the Last Chance claim was 
worked in 1892. In the deeper workings a drift was 
extended still farther north, partly through the open- 
cut work, partly through the No. 1 shaft (destroyed by 
fire in 1910). A few exploratory crosscuts northwest 
and southeast of the main Hilltop stope disclosed no 
ore and all work was stopped in 1913.

Fairly accurate estimates of the output of the Hilltop 
Mine are available for certain periods of operation. 
Henderson (1926, p. 194) gives the value of production 
for part of the early period as follows:

1888____ _______________
1889______-____________
1890 _ __ ____________

Total, 1888-90____

Silver

$323, 225
153, 858
82, 272

559, 355

Lead

$352, 000
148, 960

67, 947

568, 907

Total for year

$675, 225
302, 818
150, 219

1, 128, 262

According to the records of the U. S. Geological Survey 
and Bureau of Mines, the total production from the 
Hilltop and Last Chance claims from 1901 to 1923 was:

Tons, dry, of ore_______________ 31, 682 
Gold, troy ounces______________ 1,842 
Silver, troy ounces_____________ 410, 438 
Lead, pounds_________________ 7, 842, 672 
Zinc, pounds_________________ 2, 530,935 
Copper, pounds________________ 106, 700 
Total value, dollars____________ 850,000

Approximately a quarter of this production was from 
the years 1920-1923 ; it amounted to $212,000. For less 
than half of the year 1910 an almost complete assem­ 
blage of settlement sheets shows a production value of 
$81,556 (J. M. Redman, oral communication, 1950). 
The latest episode in the history of production from 
these claims was one of open-cut operations beginning 
with shallow stripping on the Last Chance claim. This 
had yielded to January 1, 1950, eight shipments with
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an average assay of 6.5 troy ounces of silver, 0.02 troy 
ounce of gold, and lead contents of 12.0 percent, and 
zinc values ranging from 0.3 to 2.057 percent (Eedman, 
J. M., oral communication, 1950). In 1952 work was 
resumed at the Hilltop and Last Chance properties by 
the owner, the Leadville Land Corp. (Kedman, J. M., 
personal communication, 1952).

PEERLESS AND HORSESHOE MOUNTAINS

Southward from Mount Sheridan, the geologic se­ 
quence resembles that of the range crest farther north. 
The most striking difference is the decrease in the num­ 
ber and thickness of the intrusives toward the south. 
On the western slope of Horseshoe Mountain the se­ 
quence from pre-Cambrian to Leadville dolomite is 
well exposed, but there are no sills. Midway between 
Horseshoe and Peerless Mountains there is a thin sill 
in the Cambrian quartzite. Still farther north, on the 
crest of Peerless Mountain, early White porphyry 
forms a thick sill, and sills of the same rock become 
conspicuous on the slope to the west, occupying posi­ 
tions within Mississippian, Devonian, and Cambrian 
formations.

Faults in this area compri^ chiefly two sorts—low- 
angle normal faults dipping east, and normal faults of 
steeper dip striking east. One low-angle reverse fault 
is on the eastern slope of Horseshoe Mountain. One 
conspicuous normal fault trace, locally mineralized, is 
exposed at an altitude of about 13,150 ft on the western 
slope of Peerless Mountain (p. 71) ; southward in 
the saddle between Peerless and Horseshoe Mountains 
it splits into two branches. Several normal faults strik­ 
ing at about right angles to the crest of the range (fig. 
99) are economically unimportant; along them the 
northern side is generally downthrown.

Considerable prospecting has been done on the crest 
and western slope of the range, and the bleached walls

FIGURE 99.—Normal faulting on east wall. Empire Amphitheater, espe­ 
cially -well marked in Cambrian beds. Pre-Cambrian (pC), Cambrian 
(C), Ordovician-Devonian (0-JD), sill of early White porphyry (Tew). 
and Ijeadville dolomite (L).

of a prospector's cabin, only 50 ft below the highest 
point of Horseshoe Mountain, are visible for miles. 
However, only two groups of prospect openings hold 
much promise. One group is on the ridge crest, approxi­ 
mately 2,000 ft northeast of the highest (13,903-ft) 
point of Horseshoe Mountain (U-69 to U-71). The 
other is the Peerless (or Peerless Maude) mine and the 
adjacent prospects.

PEERLESS (PEERLESS MAUDE) MINE AND ADJACENT PROSPECTS

The openings of the Peerless group (U-66 to U-68) 
consist of a short tunnel, five prospect pits, and seven 
shafts, all shallow. The shafts and tunnel are partly 
caved and partly filled with water or ice. All are in 
silicified Leadville dolomite or in the overlying sill of 
early White porphyry. The silicified limestone is con­ 
siderably iron-stained and mineralized.

Detailed structural study of the prospects was im­ 
possible because they are caved or flooded and rubble 
conceals much of the bedrock immediately surrounding 
them. Most of the openings lie along and east of the 
eastern branch of a split normal fault (pi. 1). The four 
northeasterly shafts in the Peerless group penetrated 
the sill of early White porphyry and entered the Lead­ 
ville dolomite, to a depth of 75 ft in the easternmost 
shaft. The other openings were in Leadville dolomite 
near its contact with the porphyry.

Mineral deposits here, as on the western slope of 
Mount Sherman, seem to have been localized at the 
contact between the sill of early White porphyry and 
the Leadville dolomite; as in the Continental Chief 
and Hilltop mines, the ore-forming solutions probably 
rose along small fractures leading to this contact. The 
most promising ground is therefore northeast of the 
openings, under Peerless Mountain, where the uneroded 
remnant of porphyry rests on the productive limestone 
zone.

The ore on the dumps consists of galena and a little 
pyrite, in a gangue made up chiefly of bladed barite, 
vuggy quartz, and densely crystalline or cryptocrys- 
talline silica. Silica and, to a lesser extent, barite have 
fairly extensively replaced limestone. In addition, oxi­ 
dation has produced the common assemblage of much 
limonite, malachite and azurite, anglesite, cerussite, and 
a small quantity of grayish "dry-bone" (smithsonite). 
Copper minerals are conspicuous. It has been said 
that the ore contains appreciable quantities of silver 
and gold. The chief output, however, was of lead and 
silver ore; a little of the ore contains as much as 50 
percent of lead and 50 to 200 ounces of silver to the 
ton. No zinc was recovered, probably because the thor­ 
ough oxidation had removed most of it. Fourteen sam­ 
ples collected from the dumps yielded the following 
assavs:
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Assays of samples from dumps of Peerless mine

IBloomfield, A. L., Unpublished report, made available through the courtesy of 
W. W. Price, Colorado Springs]

Silver, ounces per ton
Copper, percent _
Lead, percent _
Zinc, percent __ ____ __ _

Average

0. 015
20. 10

3. 15
8. 6
3.8

Minimum

0.5
Trace

.5
Trace

Maximum

0.04
55. 9
18.0
36. 4
25.7

Maps of the Peerless and adjacent prospects are no 
longer available. The deepest shaft was only 165 ft 
deep. From the main shaft ore was stoped north and 
south of the shaft, some stopes coming within 50 ft of 
the surface. Most of the ore shoots, according to a per­ 
sonal communication from Mr. John Cortellini, were 
elongate north and south as though along fissues paral­ 
lel to the faults shown on plate 1, but other than the 
faults shown west of the main stopes, no fissures are evi­ 
dent at the surface.

Most of the work in the Peerless mine was carried on 
in the years 1881-91. From 1891 to 1898 the property 
was operated by lessees, and for this period incomplete 
smelter returns show a total output valued at $36,276, 
most of which was derived from lead and silver (W. W. 
Price, personal communication, 1932). Mining was 
simple and inexpensive, because the frozen ground re­ 
quired little support, but living conditions were not 
good, especially at so high an altitude, and this seems 
to have been a major difficulty in maintaining opera­ 
tions. Recently it has been suggested that this diffi­ 
culty might be overcome by establishing a modern 
camp at an altitude of about 12,000 ft in Empire Am­ 
phitheater, and driving a tunnel eastward at an alti­ 
tude of 12,200 ft. The tunnel length necessary would be 
about 2,000 ft. This plan involves raising in steps a 
total of 1,200 ft; transportation could be down Empire 
Gulch by road or by aerial tramway to the Denver & 
Rio Grande Western Railroad on the eastern side of the 
range. Such a plan presumably would be contingent 
on the proving of adequate ore reserves.

PROSPECTS ON NORTHERN SLOPE OF HORSESHOE MOUNTAIN

A group of prospects (U-69 to U-71) is situated on 
the northern slope of Horseshoe Mountain. The south­ 
ern ones (U-71) comprise a caved and ice-filled adit 
and a shaft estimated to be 40 ft deep. The adit is 
driven in Leadville dolomite containing typical black 
chert lenses. The beds dip 18° NE. and are irregu­ 
larly folded and shattered but not visibly faulted. Ore 
deposition occurred after all clearly recognizable de­ 
formation. Rock on the dump contains ore that has 
replaced limestone and filled fissures in it; the limestone 
is partly silicified and partly recrystallized to "zebra" 
rock. The primary ore minerals are galena, a little 
sphalerite, quartz, and barite. Oxidation has produced

much aurichalcite, malachite, azurite, cerussite, cala- 
mine (in vugs), and a little smithsonite.

Prospect U-70 consists of a shallow shaft and a 40-ft 
tunnel. They are on opposite sides of a branch cf the 
fault trace observed at an altitude of 13,150 ft (p. 71). 
Shattered and somewhat folded rocks are exposed, but 
they are not visibly fissured and are only slightly miner­ 
alized. Prospect U-69 is a group of shallow pits in 
silicified Leadville limestone between the southern 
branches of the same fault. A small amount of mala­ 
chite is the only evidence of mineralization.

As far as can be determined, mineralization at each 
of these prospects was related either to low-angle faults 
like those on the western slope of Mount Shermrn, as 
in the case of U-69 and U-70, or to bedding-plane 
faults of similar origin.

EMPIRE AMPHITHEATER AND FINNBACK KNOB

Finiiback Knob, the 13,405-ft peak, is the center of an 
area in which a few porphyry dikes are the only country 
rocks younger than the pre-Cambrian (pi. 1).

Throughout the area the geology is relatively simple 
insofar as it has an economic bearing. Granite pre­ 
dominates ; most of it is Silver Plume (?), but some is 
Pikes Peak (?) granite. The largest exposures of Pikes 
Peak(?) granite form a triangular area whose b^se is 
north of Empire Gulch and whose center is about 5,000 
ft northwest of Finiiback Knob. There are also small 
areas of schist that are xenoliths in the granite; promi­ 
nent examples are on the cliffs of the northern slope 
of Finiiback Knob. Two lamprophyric dikes, believed 
to be of pre-Cambrian age, crop out in the head of 
Empire Amphitheater, 1,000 ft east of Finnback Knob. 
Pegmatite dikes are common in the granites.

Two long dikes of later white porphyry are exposed 
on the western slope, and one on the eastern slope of 
Finnback Knob. They are probably continuous, and 
though in places talus covers them each has a length 
in excess of 4,000 ft. They trend northeastward, gen­ 
erally parallel to most of the smaller, postmineral 
faults of this immediate area. The easternmost of these 
dikes is exposed on the floor of Empire AmphitHater 
near Finnback mine, and is connected with an irregu­ 
larly elliptical ring of dark-gray igneous rock, about 
500 ft long and 100 ft wide, that has been intruded into 
the Silver Plume (?) granite. The rock of this ring 
has a stony groundmass, conspicuous flow lines, and 
scattered plagioclase phenocrysts. It may represent the 
central f acies of a pluglike mass of later white por­ 
phyry. Although the more central part of the plug is 
darker than normal later white porphyry, its margin 
is typical of that rock, and gradation between th?. two 
varieties clearly shows that both are facies of later 
white porphyry.

The predominant north-northeasterly faults are in­ 
conspicuous in the rather uniform pre-Cambrian rocks.
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Erosion along these faults appears to be the cause of 
some of the narrow ravines on the northwestern slope 
of Finnback Knob. Some faults are recognized by the 
lines of breccia or zones of exceptionally prevalent iron- 
staiiiing. Dikes of later white porphyry occupy sev­ 
eral faults.

There is no record of production from any prospect 
in this area. Several pits have been dug along the 
later white porphyry dikes (for example, TJ-74 to 
U-76), and others along typical pegmatite veins and 
thin veinlets of pegmatitic quartz.

The old Finnback tunnel (U-61) that extends S. 80° 
W. into the hillside is caved about 50 ft from the portal. 
Nothing is known of its history. It was driven in gran­ 
ite, biotite schist, and later white porphyry. Neither 
the tunnel wall nor the dump materials are mineralized.

Several shallow pits (U-56 and TJ-81) are in pre- 
Cambrian rocks along a subsidiary fault about 300 ft 
east of the Mosquito-Weston fault zone and 4,500 ft 
west-southwest of Finnback Knob. The only ore min­ 
eral found was malachite, although the fault fissure is 
filled with quartz and the adjacent granite is silicified. 
These openings are not promising, but they do indicate 
that some mineralization has taken place along the 
fault zone in this vicinity.

EMPIRE HILL

The body of pre-Cambrian rocks forming Finnback 
Knob and its western slope is terminated on the west 
by the Mosquito-Weston fault zone, which crosses the 
ridge between Finnback Knob and the crest of Empire 
Hill. For some distance west of this fault zone the 
surface rock is Weber (?) formation; northward it is 
early White porphyry, Leadville dolomite, or, in the 
bottom of Empire Gulch, still older formations. On 
Empire Hill the Mosquito-Weston fault zone is itself 
largely bounded by two faults between which other 
branches appear, uniting and diverging irregularly. 
Parallel to the zone but outside it are minor faults, 
notably on the hanging-wall side. Due east of the crest 
of Empire Hill, the Leadville dolomite, Parting quartz- 
ite, and slivers of the Manitou dolomite lie between the 
two bounding faults.

West of the summit of Empire Hill the eastward dip 
of the beds and the decrease in altitude bring to the 
surface rocks stratigraphically below the Weber (?) 
formation (section D-D', pi. 2). Pre-Cambrian Silver 
Plume (?) granite crops out at an altitude of approxi­ 
mately 11,650 ft and below, but the top of the pre- 
Cambrian ranges considerably in altitude; Rocky Point 
(altitude 12,078 ft), near the south edge of the area, is 
made up of granite.

Many faults introduce minor irregularities into the 
orderly succession of rocks below the outcrops of 
Weber(?) strata on Empire Hill. Although a few

faults are oblique to the strike or parallel to the bed­ 
ding, most of them are essentially at right angles to the 
strike and offset the beds, resulting in an irregular out­ 
crop pattern.

Despite the many small prospects on Empire Hill, 
the effective mining has been slight. Prospect pits, 
shallow shafts, and short adits are especially numerous 
on the western slope of Empire Hill between the 12,000- 

» ft contour and the top of the pre-Cambrian rocks. Al­ 
most all of these openings are near transverse, faults 
but are situated stratigraphically below the contact of 
the Leadville dolomite and the overlying sill of early 
White porphyry, or the thin band of Weber (?) strata 
which in most places separates these two. It is note­ 
worthy that no northward-trending faults, with which 
most ore bodies in the marginal Leadville district are 
associated, have been recognized in this area. Pros­ 
pects that merit brief descriptions are treated in the 
following paragraphs.

PROSPECTS ALONG MOSQUITO-WESTON FAULT ZONE

The northern group of prospects (U-47 to U-53) 
along the Mosquito-Weston fault zone, whether in the 
Weber (?) formation west of the fault or dolomite 
within the fault zone, are for the most part in shattered 
country rock. The dolomite is silicified or recrystal- 
lized; some quartz has been deposited in veinlets, but no 
ore minerals.

Near the southern group of prospects (TJ-78 to U-84) 
mineralization was more intense than farther north. 
The northernmost pit of the U-84 group r-nd the tunnel 
of the U-83 group is in closely sheared granite slightly 
stained by malachite. Farther south the prospects of 
the U-82 group are in sheared Leadville dolomite and 
sheared, greatly silicified pre-Cambrian granite. Simi­ 
lar shearing and alterations are seen in the hanging 
wall of pre-Cambrian rock all along the fault zone, 
but the block of Leadville dolomite exposed between 
the eastern and western faults of the zone is not strongly 
mineralized, despite extensive bedding-plane faulting 
and shattering of the beds, accompanied by dragging 
along the fault so severe that the shale beds of the 
Weber (?) formation west of the zone are overturned 
and dip 75° E.

It is striking that in this locality the hanging wall of 
granite is more mineralized than the dolomite within 
the fault zone. This difference is similar to that in 
other mining districts where shattering and minerali­ 
zation have been generally more effective in the hang­ 
ing walls of great reverse faults than in the footwalls, 
partly because the hanging walls have undergone less 
vertical compression and partly because the "chatter­ 
ing" nature of fault movements has produced more 
fracturing and comminution.
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PROSPECTS SOUTH AND SOUTHWEST OF EMPIRE RESERVOIR

Search for ore in prospects south and southwest of 
Empire Reservoir has been intense, but has revealed too 
little mineralization to encourage further exploration. 
This group of prospects includes one shaft (T-232) 
estimated to be at least 200 ft deep. Material on the 
dump shows that the shaft was sunk through grit and 
shale of the Weber (?) formation, the sill of early 
White porphyry, and the thin black basal shale bed of 
the Weber (?) before entering the topmost Leadville 
dolomite. The eastern of the two shafts in group 
T-231 is 30 ft deep. Its dump contains altered, pyri- 
tized early White porphyry. The two T-231 shafts 
are located along a fault.

PROSPECTS ON THE NORTHERN SPUR OF EMPIRE HILL

Prospects T-150 on the northern spur of Empire 
Hill, 4,500 ft north-northwest of the summit are in the 
upper part of the Leadville dolomite, stratigraphically 
about 60 ft below the base of a thin black shale bed of 
the Weber(?) formation. A sill of early White por­ 
phyry overlies the Leadville dolomite. The beds gen­ 
erally strike N". 20° E. and dip 20° SE. The two 
largest openings here are a shaft and tunnel, both caved. 
In the tunnel a fissure that strikes N. 75° E. and dips 
75° NW. is associated with limonite stains and with 
tiny vugs coated with a little malachite.

A more promising prospect is the tunnel, beyond the 
first 40 ft, on the Eclipse claim (T-151). The beds 
have the same attitude as at prospects T-150; how­ 
ever, no fissuring is visible on the surface or in the acces­ 
sible part of the tunnel. The prospect has a loading 
chute, and a large dump contains rock considerably 
stained by iron and manganese oxides and by copper 
carbonate. The mine is said (J. W. Mitchell, personal 
communication, 1930) to have yielded sacking ore 
containing as much as 45 ounces of silver to the ton; 
nothing more is known of its history.

Several prospects (T-163) about 600 ft northeast of 
the Eclipse tunnel have revealed mineral-bearing rock 
of the type just described but only slightly mineralized.

The dump of a caved tunnel (T-152) 2,000 ft north­ 
west of the Empire Reservoir contains barite and cal- 
cite. About 200 ft to the north is another largely caved 
tunnel—the northern of two marked T-152. The ce­ 
ment between the sand grains of the Cambrian quartz- 
ite is extensively oxidized. Cubical casts in the cement­ 
ing material indicate replacement of the quartzite by 
pyrite, but the mineralized ground is not extensive and 
shows nothing of value.

HEAD OP UNION GULCH

The Union fault extends southwestward from Em­ 
pire Gulch toward the head of Union Gulch, from 
which it derives its name. Southeast of it lies pre- 
Cambrian granite. The rocks along the northwest

side of the fault range from the Weber (?) formation 
to the pre-Cambrian granite, the latter appearing 
northwest of the fault at the southern border of the 
area mapped. Rocks bordering the fault to the north­ 
west include also a sill of early White porphyry in 
the Weber (?) formation, sills of Iowa Gulch porphyry 
in the Dyer and Manitou dolomites, and several dikes of 
Johnson Gulch porphyry.

There are several eastward-trending faults that, with 
the Union fault, break the rocks into a series of highly 
irregular blocks. These faults have the dropped side 
to the south at some places, but elsewhere to the north. 
Commonly, the dips of the fault planes cannot be meas­ 
ured but they are steep wherever discernible. These 
faults are most conspicuous in an area whose center is 
about 3,500 ft south-southeast of Mitchell Ranch and 
an equal distance north-northeast of the junction 
between the northern forks of Union Gulch. Here 
the geology is especially complicated because the faults 
cross the axis of a sharp syncline almost at right angles.

The most striking structural details are the reverse 
faults, and they are also closely connected with miner­ 
alization. Some reverse faults almost parallel tl Q, bed­ 
ding and cannot be traced with sufficient accuracy to 
warrant representation on plate 1. Two small reverse 
faults that cut the Leadville dolomite, strike almost 
due north, and dip east at low angles; they are exposed 
about 4,500 ft south of the Mitchell Ranch near pros­ 
pects T-209 and T-210. Two greater faults lie farther 
east and are most clearly exposed about 4,000 ft east- 
southeast of the Mitchell Ranch. These last two faults 
may be normal or reverse, and the western of the two 
may be the Mike fault (pi. 1). No ore was seen along 
the traces of these two larger faults, though silicified 
and iron-stained rock is conspicuous in the outcrops. 
The two small reverse faults are not only similarly silici­ 
fied but both seem to have been the sites of ore deposition.

PROSPECTS NEAR HEAD OF GULCH

Only two groups of prospects merit description, and 
both are within a mile of the Mitchell Ranch.

The openings at prospect T-219 consist of a short, 
partly caved tunnel, two shallow prospect pits, and 
two shallow caved shafts. All the workings are in the 
middle to upper part of the Leadville dolomite; the 
rocks are much shattered and conspicuously silicified, 
but no ore is exposed. Despite its relative inrccessi- 
bility, this area merits careful prospecting to shallow 
depths because the silicification of the rocks is indica­ 
tive of movement of mineralizing solutions, and the 
shattered ground may have provided a favorable site 
for ore deposition.

Prospects T-209, T-272, and T-273 are all in the 
Leadville dolomite or upper part of the Dyer dolomite, 
near the southern end of one of the two small reverse 
faults mentioned above. At T-209 bedding-plane
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faults with conspicuous slickensides are exposed, and 
the rocks adjacent to the planes of movement are con­ 
siderably silicified and iron-stained. Farther south, 
at T-272 and T-273 where the same conditions pre­ 
vail, some galena is present.

The openings include a 50-ft vertical shaft, an in­ 
cline and a vertical shaft southwest of the first, and a 
caved shaft between. Grouped around these shafts 
are several shallow prospect pits. The rocks near the 
northernmost shaft are shattered, silicified, and iron- 
stained. Specimens on the dump contain disseminated 
galena and a little sphalerite; considerable cerussite 
and anglesite have formed around the galena. The ab­ 
sence of barite is striking in an ore of this kind. The 
mineral assemblage and structural relations are much 
like those at Weston Pass, 10 miles south of Leadville 
(Behre, 1932, pp. 61-71).

The incline at the southern end of this group descends 
N. 85° E. at an angle of about 35° but is caved at slight 
depth. The vertical shaft at its mouth is also inaccessi­ 
ble. Both openings are in the Leadville dolomite but, 
because of the eastward dip of the beds, the vertical 
shaft doubtless penetrated the Dyer dolomite at shallow 
depth, whereas the entire incline, essentially parallel 
to the bedding, probably was dug in the Leadville dolo­ 
mite. A little of the ore on the dump consists of cubes 
of galena, which was disseminated largely along certain 
thin beds that seem to have been more permeable or more 
soluble than the others. Each galena mass is sur­ 
rounded by a halo of anglesite and cerussite. As in ore 
from the shaft to the north, sphalerite is rare and barite 
is absent. The rock is crisscrossed by calcite veinlets 
and has been extensively leached during oxidation.

These striking effects of mineralization are little 
known. The area is far from any settlement, and the 
only road near these prospects is very poor. The minor 
reverse faults are of special interest because elsewhere 
in the Leadville district such faults are closely related 
to ore deposition.

EMPIRE GULCH

A line from West Sheridan Mountain to Finnback 
Knob makes a convenient boundary between Empire 
Amphitheater and Empire Gulch. The geology of the 
area east of the Mosquito-Weston fault complex was 
described in the section on the Empire Amphitheater.

The rocks in Empire Gulch east of the faults are al­ 
most wholly pre-Cambrian granites. The Mosquito- 
Weston fault extends northward from Empire Hill into 
Empire Gulch where it joins the Union fault. The fault 
complex farther north on Upper Long and Derry Hill 
has four recognizable parts which are, from west to 
east: the Weston, Hellena, Ball Mountain, and Mosquito 
faults. Because the fault complex is in Empire Gulch 
where the faults are not exposed in mine workings and 
are deeply covered by glacial material, relationships of

these faults are not known in detail. It is clear from 
study of the area north of Empire Gulch that all the 
faults except the Ball Mountain fault are of one type: 
they dip eastward rather steeply, they are upthrowii on 
the eastern side, and for most of their courses the beds 
have been dragged upward to a steep westward dip at 
the footwall.

The beds in Empire Gulch west of the fault complex 
are in normal succession as far west as the Union fault, 
which crosses Empire Gulch approximately 2,500 ft 
southwest of the 12,040-ft summit of Upper Long and 
Derry Hill. The Union fault, which trends northeast, 
is upthrown on the southeastern side and has pre-Cam­ 
brian rocks on the east against the sill of early White 
porphyry, which here is separated from the Leadville 
dolomite by as much as 75 ft of quartzite and shale of 
the Weber (?) formation. Downstream to a point one- 
half mile due east of the Mitchell Ranch, the succession 
is normal. Still farther downstream other faults are 
encountered, as shown on the geologic map, plate 1, but 
the bedrock is not close enough to the surface to excite 
interest in mining.

Few mines or prospects in the bottom of Empire 
Gulch and on the slope overlooking it merit detailed 
description. Openings in the valley itself are numerous 
but the depth through the glacial deposits to bedrock 
has been an obstacle to exploration. Furthermore, the 
rocks prospected on the valley flanks are but scantily 
mineralized. For example, the closely clustered pros­ 
pects about 5,000 ft southwest of the Mitchell Ranch, 
several of which are on or near the Union fault, have 
no ore exposed on the tunnel walls or on the dumps, and 
the inference seems justified that the Union fault is of 
postmineral age. A single prospect pit or caved tunnel 
(the north pit of T-77) has exposed a small quantity of 
bladed barite that has replaced Leadville dolomite.

The lower slopes of Upper Long and Derry Hill, fac­ 
ing toward Empire Gulch, are not mineralized to any 
noteworthy extent. Geological considerations might 
lead to expectation of ore along the trace of the Mos- 
quito-Weston fault zone where it traverses the south 
slope of Upper Long and Derry Hill, but rocks in the 
prospects examined there (T-60 to T-66 g,nd U-5, U-40, 
and U-41) are not mineralized.

A large dump (T-29) and several small openings 
high up on the slope of Long and Derry Hill at an alti­ 
tude of 11,350 ft are in altered early WMte porphyry, 
the sill that so generally rests directly upon the Lead­ 
ville dolomite or is separated from it by a few feet of 
quartizite or black shale of the Weber (?) formation. 
The dump indicates an operation of corsiderable size. 
Its partly filled ore bin contains a gossar. consisting of 
highly ferruginous and manganiferous cement around 
blocks of iron-stained, altered limestone(?). No other 
mineralogical information is available but presumably, 
like the other prospects on Lower Long r-nd Derry Hill
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to the west and north, this pit yielded an oxidized lead 
ore, rich in silver.

PLACER PROSPECTS IN UNION AND EMPIRE GULCHES

Union and Empire Gulches below an altitude of 10,- 
500 ft are almost entirely covered by glacial moraines 
or outwash. Presumably the country rock is all of pre- 
Cambrian age and mostly if not all granite. There is 
no evidence of mineralization, and no known placer 
gravel. The unconsolidated deposits no doubt resemble 
those that cover the slopes of Lower Long and Derry 
Hill west of the 10,750-ft contour (p. 150). Placer 
gravel may exist in the wide valley bottoms of Iowa, 
Thompson, and Empire Gulches, between the border­ 
ing terraces but there has been no careful placer pros­ 
pecting in these areas.

MINES OF THE CENTRAL LEADVILLE DISTRICT

During the course of the study of the marginal part 
of the greater Leadville region, some time was devoted 
to underground studies in certain properties in the cen­ 
tral part of the Leadville district, partly to clarify vari­ 
ous features of the geology that might have been re­ 
vealed since the publication of Professional Paper 148, 
partly to aid in the development of these or adjoining 
mines. The results of these studies, which include items 
of considerable economic importance, are briefly re­ 
corded below. No changes have been necessary in the 
geologic mapping of the central area, as shown in plate 
13 of Professional Paper 148, except in the neighbor­ 
hood of the Eclipse and Nevada mines (M-36 and 
M-24) on the northwestern slope of Ball Mountain.

DESCRIPTIONS

NEVADA TUNNEL

With the assistance of the late Paul Schmidt of Lead­ 
ville, the writer studied the geology of the Nevada tun­ 
nel (M-24). The structure is highly complicated. The 
rocks seen in the workings comprise rhyolite agglom­ 
erate, early White porphyry, a member of the Gray 
porphyry group resembling the Johnson Gulch por­ 
phyry, both members of the Sawatch quartzite, and pre- 
Cambrian granite. For data beyond the caved areas 
(fig. 58) reliance was placed on information furnished 
by Mr. Schmidt. The two eastward crosscuts have in­ 
tersected and partly exposed two major faults striking 
north-northeast; the western of these two faults appar­ 
ently splits and appears as two faults in the southern 
crosscut. The three faults thus recognized are corre­ 
lated with the Silent Friend fault as described in Pro­ 
fessional Paper 148 (Emmons, Irving, and Loughlin, 
1927, pp. 82-83). Apparently a block of early White 
porphyry has dropped between the eastern and western 
faults of this group. East of this block is pre-Cambrian 
granite and west of it are a member of the Gray por­ 
phyry group, the Peerless formation, rhyolite agglomer­ 
ate, and irregular sills of early White porphyry. These

two north-northeastward-trending faults might be in­ 
terpreted as branches of the Ball Mountain fault, but 
their displacement would seem to be less than thQ- 2,000 
ft typical of the Ball Mountain fault in this area (Em­ 
mons, Irving, and Loughlin, 1927, p. 76).

Crossing the workings in a west-northwest direction 
are several offset faults that may represent the Colo­ 
rado Prince fault. The Colorado Prince is a reverse 
fault with the northeastern side upthrown (Emmons, 
Irving, and Loughlin, 1927, p. 75) ; it should be offset by 
the faults striking north-northeast, but the relations are 
nowhere exposed. The position of the reverse fault in 
the main tunnel is indicated by an ill-defined shattered 
zone; between the two branches of the Silent Friend 
fault its position can only be inferred.

Studies in the Nevada tunnel do not reveal th*- posi­ 
tion of the Ball Mountain fault. According to Plate 13 
of Professional Paper 148, it must lie a short distance 
southwest of the southernmost point of the main Ne­ 
vada tunnel.

In addition to these two major fault systems there 
are several minor, practically vertical, faults striking 
approximately due north. Most of the main tunnel is 
driven so as to develop faults of this system. These 
faults, in contrast to the Silent Friend fault, are either 
offset by or end against the Colorado Prince fault (fig. 
58). One such fault, mineralized and well exposed in 
the main tunnel north of the Colorado Prince fault, 
seems to have an exact counterpart, interpretable as its 
offset segment, exposed in the main tunnel south of the 
Colorado Prince fault. The other north-south faults 
are believed to be tensional and compensating frp.ctures 
that developed simultaneously with the compre^sional 
movement of the Colorado Prince fault, or immediately 
afterwards.

Of special interest are conspicuous bodies of rhyolite 
agglomerate associated with several of the northward- 
trending faults, and also along the westernmost branch 
of the Silent Friend fault (Emmons, Irving, and 
Loughlin, 1927, p. 82, pi. 13).

Ore is exposed along the north-south faults in two 
small stopes along the main tunnel, 30 and 85 ft south 
of the point where the northern crosscut turns east off 
the main tunnel. In the northern stope the or3 is an 
oxidized, iron-stained, low-grade zinc carbonate, and 
lies along one of the lesser north-south fissures- The 
southern occurrence lies in a finely comminuted gouge 
and consists of disseminated pyrite that is unusually 
free from oxidation. This shoot lies in the footwall of 
another north-south fault, almost parallel to the tunnel. 
Locally, the ore here yields a little gold on careful 
panning.

At the eastern end, in the face of the southernmost 
east crosscut, is a gouge zone, here as much ae 15 ft 
wide and made up of decayed granite, heavily limoni- 
tized. This zone is believed to be in the east branch of
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the Silent Friend fault. Gold, silver, and a little lead 
have been recovered from it. Through the kindness 
of Mr. Paul Schmidt, in 1928, samples from the early 
White porphyry of the hanging wall were assayed and 
found to contain 3 to 4 percent lead. Samples from 
the foot wall commonly contain as much as 2 or 3 ounces 
of gold to the ton but the metal is finely divided and 
difficult to extract. Between the footwall and hanging 
wall two parallel zones of shattered granite contain 
patches of very high grade gold ore in which gold is 
locally visible. Iron stains in the gouge suggest that 
it has been enriched by oxidation. However, it is re­ 
ported that there was much less gold farther north 
where the fault is intersected by the northern crosscut. 

The ore found in the eastern branch of the Silent 
Friend fault and in the subparallel lesser faults sug­ 
gest that here the north-south faults are premineral 
and that they should be explored. An especially fa­ 
vorable direction for prospecting would be southward 
along the east branch of the Silent Friend fault.

VENIR MINE

The shaft of the Venir, or South Ibex, mine is on the 
western slope of Ball Mountain, near the crest of Breece 
Hill. The shaft (L-59) is about 400 ft S. 50° E. from 
the Antioch quarry, 2,850 ft S. 25° W. from the Ibex 
no. 2 shaft, and 2,300 ft N. 15° W. from the portal of 
the Garibaldi tunnel.

The collar of the shaft, which is the only working 
connection with the surface, is at an altitude of 11,697 
ft. Four levels and several intervening stopes have 
been developed (see table below, and pis. 17,18).

Levels of the Venir mine (1935)

Level

First____ _ _ ._ _______________
Second ____

Fourth. _ __ __________________

Altitude at 
shaft (feet)

11, 560. 3
11, 502. 0
11,460.0
11, 410. 0

Approximate 
length of tunnel 

(feet)

3, 180
1,740

430
6,210

Grit of the Weber (?) formation and a member of 
the Gray porphyry group appear on the surface (Em- 
moiis, Irving, and Loughlin, 1927, pi. 13). Under­ 
ground, most of the work was done in rock that is 
clearly a member of the Gray porphyry group, but the 
rock has been sericitized and silicified so that it cannot 
be identified with any member of that group; however, 
its relations to the areas north and south, where altera­ 
tion is less intense, indicate it to be Johnson Gulch 
porphyry. On the fourth level (pi. 18) the country 
rock in the long northeast drift is in a porphyry less 
conspicuously altered than elsewhere, but even here 
more exact identification is impossible. On the first 
level a small amount of much-altered shale of the 
Weber (?) formation appears in the roof about 360 ft

northeast of the shaft; similar inclusions appear in the 
southeastern workings of the fourth level. A sample 
from the third level, apparently identical with altered, 
silicified rock of the Gray porphyry group, proved on 
very detailed microscopic examination to be a greatly 
sericitized grit of the Weber (?) formation. This ex­ 
treme effect of alteration means that even careful mi­ 
croscopic study of specimens from other parts of the 
mine does not exclude the possibility that a part of the 
rock exposed is a silicified and partly sericitized early 
White porphyry. This uncertainty is increased by the 
strong bleaching that has affected the country rocks.

The Venir mine is just east of the Weston fault and 
southwest of the South Ibex stockwork (Emmons, Irv­ 
ing, and Loughlin, 1927, pp. 301-302, pi. 13). It lies 
west of the Garbutt and No. 4 Ibex fissure lodes, two 
subparallel veins which here strike about N. 15° E. 
The workings reveal a series of fractures approximately 
parallel to the No. 4 Ibex and the Garbutt veins. The 
fissures in the Venir workings generally trend about 
due north in the extreme southern and southwestern 
parts of the mine, but curve to northeast in the northern 
parts of the workings. The greatest f ssures trend 
northeast. A mere azimuth plotting of the fractures 
would not be significant, as it would not indicate the 
changes in direction of single fissures, nor could it 
show the strong contrast in direction between the major 
and the minor fissures. A study of the mine maps 
(pis. 17,18), and especially of the very extensive fourth 
level, is most, instructive. The veins in the Garbutt and 
Negro Infant workings in and south of tin South Ibex 
stockwork behave very similarly (Prof. Faper 148, pi. 
57).

On the first level (pi. 17) two important vein systems 
were exploited—one at the shaft station and one about 
250 ft east of the shaft. In addition, a small and rela­ 
tively unproductive simple fissure (the "Little vein") 
was found 45 ft west of the shaft in the southwest work­ 
ings. The West vein system trends N. 5°-10° E. near 
the shaft, but at its northernmost end the strike is N. 
25°-30° E.; generally it dips 60°-90° NW., averaging 
about 75°. About 280 ft north of the si aft the vein 
is broken by a transverse fault, north of which it is 
shifted about 20 ft to the west. There is considerable 
branching and reuniting of several subparallel frac­ 
tures, causing difficulty in development work. The 
stopes follow the vein up the dip to the southeast, in 
places reaching the surface.

The East vein or system maintains a more northerly 
course, and virtually unites with the West system where 
the two connect with those of the Negro Infant mine. 
The separate branches of the East vein dip mostly west­ 
ward; locally they are broken by small transverse 
faults.

Both veins have conspicuous local shear zones, such 
as those that lie parallel to the East vein in the south-
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eastern part of the workings oil this level. Further, in 
several places smaller fissures enter the main fissures 
at acute angles. Examples are clearly visible along 
the western wall of the East vein, near the 40-ft raise 
shown on the map, and also at the three strong fissures, 
each somewhat mineralized, exposed in the main cross­ 
cut. A breccia zone is developed where the two prin­ 
cipal veins converge in the northeastern part of the 
workings. Breccia is characteristic of such junctions, 
as demonstrated by the South Ibex stockwork where 
the No. 4 Ibex vein and the Garbutt vein approach each 
other most closely.

Most of the fissures are faced with gouge and are 
filled with clay and limonite, indicating the former 
presence of pyrite, now oxidized. Where cleaned by 
mining, the walls show steeply dipping or vertical 
striae, which strongly suggest that the movements were 
not prominently or generally horizontal, as they were 
farther south in mines of the marginal parts of the 
Leadville district. (See, for comparison, the Conti­ 
nental Chief and Hilltop mines, pp. 133-134 and 153- 
154.)

Mineralization produced chiefly fissure fillings of 
quartz and of pyrite and silicification of the country 
rock near the vein. Such veins are narrow, averaging 
2 inches in width and very rarely exceeding a foot; they 
are frequently so rich in gold that the ore mined from 
them is sacked. Much of the ore mined ranged in 
value from $2 to $41 per ton at a time when the base 
price of gold was at $20.67 per ounce. The minable 
rock usually extended no more than six inches into the 
wall. Some mineralized material along the shear zones 
formed stockworks, in which the veinlets were so closely 
spaced that the country rock containing them was 
mined. Locally the pyrite is slightly cupriferous, and 
the enclosing rock is stained by malachite; this is es­ 
pecially true along the East vein, notably at the south­ 
eastern end of the east drift, where some fracture sur­ 
faces are coated with thin films of sooty chalcocite.

As a consequence of the narrowness of the veins and 
of their steep dips, the stoping typically yields very 
narrow, steeply inclined openings, just wide enough to 
be worked by one man, who uses planking as a floor. 
Such ore bodies may be more than 100 ft high, yet less 
than a foot wide, though the stope is generally widened 
somewhat beyond that amount to provide working space.

The lower levels are essentially like the first, except 
that oxidation is less conspicuous on the second level 
(pi. 17) ; only the Little vein and the West vein have 
been developed. Actually, the West "vein" near the 
shaft consists of three fissures, trending north-north­ 
east. The two marginal fissures are not over 30 ft 
apart. All the fissures are mineralized, and all end 
at the south against a northwestward-trending mineral­ 
ized fissure that is the southernmost feature exposed 
along the West vein. West of the shaft are at least two

fissures trending generally northward and developed 
by drifts. Of them the westernmost resembles, and 
corresponds to, the Little vein of the first level. On 
this and the next lower level, the vein was very rich, 
some assays showing as high as 7 ounces of gold per 
ton.

The third (also called "Intermediate 1 ') level (pi. 17) 
is the least extensive. Here also the West vein system 
was explored and the several westward-dipping 
branches were stoped. In a westward crosscut located 
about 150 ft south of the shaft the Little vein wap inter­ 
sected and some stoping followed it, but the or^ here 
was not rich. On the other hand, the eastern branch 
of the West vein was intersected about 25 ft east of 
the shaft and contained very rich ore, some asrays of 
oxidized ore indicating as much as 9 ounces of gold 
to the ton. This rich ore was in a small fissure strik­ 
ing northwest and intersecting the main eastern branch 
of the West vein at an angle of 40°. The eastern 
branch itself contained some pockets of unoxiclized ore 
assaying 1 ounce of gold and 9 ounces of silver to the 
ton. Along what is probably the northward continua­ 
tion of the Little vein (as developed in the larg^ stope 
trending north-northeast and situated west of the 
shaft), assays showed ore that ranged in tenor from 
traces to 7 ounces of gold per ton; one small shipment 
yielded 15 ounces to the ton. These richer ores were all 
highly oxidized. Oxidation and high gold contents like 
those just cited were most pronounced in the area south 
of the shaft where, because of confluence of fissures, the 
ground was more open and shattered. North of the 
shaft the gold content on this level, as on the others, 
declined markedly.

On the fourth level (pi. 18) a long crosscut from the 
shaft trends east-southeast, intersecting one well-de­ 
fined vein which strikes about due north and along 
which there has been some stoping. In the neighbor­ 
hood of the shaft a series of north-northeasterly f ssures, 
the equivalent of the West vein of higher levels, is 
conspicuous. Several veins of this series were mined 
profitably. The Little vein seems to be represented by 
two shear zones about 50 ft west of the shaft and 15 
ft apart that contain some pyrite, but too little gold 
to justify stoping. The main West fissure extends 
northward, curving eastward as on higher levels. The 
drift developing this fissure unites to the northeast with 
another drift, now caved and inaccessible, which appar­ 
ently developed the East fissure; therefore the two fis­ 
sures are inferred to join northward, much as on the 
first level. On the long east crosscut in the southeastern 
workings of the fourth level, the southern part/ of the 
East fissure was also developed and here actually 
trended northwest, the strike swinging to a due-north 
course about 200 ft north of the latitude of the main 
Venir shaft. Much breccia occurs at the intersection 
of these two principal fissure systems.
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About 150 ft north of the main shaft two long cross­ 
cuts have been driven across the north drift. The east­ 
ern crosscut reveals little that is new, whereas the west­ 
ern one penetrates new ground in which another im­ 
portant vein trending north-northeasterly was found 
and stoped. Near its western end this crosscut passes 
into a well-defined breccia zone—a part of the South 
Ibex stockwork. The breccia consists of somewhat 
rounded fragments of an altered porphyry of the Gray 
porphyry group, bleached, pyritized, and largely oxi­ 
dized after pyritization. The contact between this 
breccia and the less shattered but otherwise similar 
country rock is irregular but as far as exposed, follows 
an irregular course that partly outlines a polygon, di­ 
rected first northeast, then in turn north, southwest, 
and west. The zone may be part of an explosion vent 
like those of Cripple Creek and the Bassick mine, 
(Loughlin and Koschman, 1935, p. 273; Emmons, 1896, 
pt. 2, pp. 430-447) or a collapse breccia (Locke, 1926, 
pp. 431^i58). The ore in this mass has been mined 
through other workings. It is a pyritic gold ore, rich­ 
est where oxidized, and averaging about 0.6 ounce of 
gold to the ton; no other products of value are derived 
from this ore.

Oxidation is least extensive on the fourth level but, 
despite the fresher condition of the sulfides, almost no 
primary ore minerals except pyrite can be seen. Gold, 
the incentive to mining, seems to be concentrated in 
the pyrite or in its oxidized residue. Neither galena 
nor sphalerite was found. Films of chalcocite are com­ 
mon along fracture walls and on pyrite crystals; the 
quantity is small. However, widespread occurrence 
of these sulfide minerals and the scarcity of oxidized 
materials such as is found on the higher levels show 
clearly that below the fourth level the rock has been 
saturated with ground water most of the time since 
primary mineralization.

Pyrite is abundant, especially near shear zones or 
brecciated areas; it occurs mostly in veins as on the first 
level. The pyrite of crustified veins is central, and 
crystalline quartz, the only gangue mineral, is marginal. 
However, several veins that pinch out along their 
strikes contain quartz far beyond the last traces of 
pyrite. These relations suggest that quartz entered the 
crevices, but failed to fill them completely, commonly 
occupying only certain lenticular openings—then the 
pyrite was deposited in the open parts of the vein.

The Venir was operated at intervals between 1920 
and 1935 as a small but profitable mine. Careful 
sampling of the underground workings has proved the 
presence of low-grade pyritic bodies containing ap­ 
proximately 0.15 to 0.25 ounce of gold to the ton. This 
content is typical of the larger bodies in or near shear 
or breccia zones. The richest ore is in the fissures or 
their small accessory fractures. Experience indicates 
that generally the veins are leaner to the south, so pros­

pecting southward has been discouraged. As the veins 
have been prospected northeastward as far as the Negro 
Infant workings, there is little hope for rich ore beyond, 
even at depth, because oxidation and enrichment are 
reduced with increase in depth. The best direction for 
exploration is eastward, as the fissures developed on the 
fourth level in the long southeastern crosscut show..

Of great interest for the future, in view of increased 
gold prices, is the fact that much of the surface area 
has been sampled and proved to contain low-grade ore 
bodies. Mr. John Cortellini of Leadville reported (as 
quoted by E. P. Chapman, personal communication, 
1929) that in the rock underlying the area near the 
Venir shaft, which is now mapped as Gray porphyry, 
samples reveal the following metal content: gold, 0.20 
ounce to the ton; silver, 8.0 ounces; lead, 1.0 percent; 
copper, 1.2 percent; iron 25.0 percent. His estimate 
of the total quantity of such ore is 50,000 tons, and this 
known reserve might be very greatly increased by sim­ 
ilar examination of the ground east of the collar of the 
Venir shaft. Such low-grade ore bodies are well situ­ 
ated for treatment at mills in California Gulch.

The general geology and economic development of 
the bordering region, in particular the area to the north 
along the Negro Infant and Garbutt workings, have 
been described by Emmons, Irving, and Loughlin 
(1927, pp. 300-306). Fissures in the Venir mine strik­ 
ingly resemble and are parallel to those of the Forest 
Queen vein, of the Antioch stockwork, and of several 
smaller north-south veins west of the Garbntt vein, as 
described by Emmons, Irving, and Loughlin. More­ 
over, those veins and the nearby South Ibex stockwork 
have other features much like those in the Venir mine, 
especially the occurrence of the stockworks at inter­ 
sections of major faults.

GARIBALDI TUNNEL AND SUNDAY VF*N

The Garibaldi tunnel (P-12), whose msin. haulage- 
way is about 2,400 ft long and extends in a N. 58° E. 
direction, was studied by G. F. Loughlin in 1934. His 
map has been slightly modified as the result of a brief 
study in 1942 by the author of the present report, aided 
by Mr. E. D. Dickerman of Denver (see pi. 19). The 
portal is at the head of California Gulch. The tunnel 
was driven northeastward, toward Ball Mountain, to 
explore the Weston fault and the Sunday vein (orig­ 
inally opened through the Sunday shafts on the west­ 
ern slope of Ball Mountain).

For 550 ft the tunnel goes through porphyry, pre­ 
sumably of the Johnson Gulch type but too highly 
altered for positive identification. About 550 ft from 
the portal a shattered zone is intersected, with shale 
of the Weber(?) formation appearing just beyond, 
on the northeast side, but the displacement along it is 
slight. The shattered zone contains streaks, as much 
as an inch in width, of sulfides (including pyrite,
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sphalerite, and galena), and a little gold. The Dicker- 
man drift was driven in this zone along a weakly min­ 
eralized streak.

The northeastward extension of the adit beyond the 
Dickerman drift is in shale for a distance of 350 ft. 
Part of the shale is dark and bituminous, locally con­ 
taining disseminated pyrite, and part is light-gray and 
siliceous. It is cut by several subparallel fissures and 
shear zones that trend about due north and dip gen­ 
erally eastward, and by one irregular body of a variety 
of the Gray (?) porphyry group. Where the veins 
cross the shale, the drag of the beds indicates that the 
eastern side was raised along several, if not all, of the 
fissures. Most of these fissures are occupied by lean 
veins. The Cooper drift is along a vein similar to the 
others, but larger; it strikes due north and dips 50° to 
58° E. Where the country rock along it is an altered 
member of the Gray porphyry group, the vein was 
rich enough to justify stoping, but south of the tunnel, 
where the vein passes into shale, it was not productive. 
Northeast of the Cooper drift several similar veins 
were found, but they were all in shale and were barren.

Beyond a point 1,050 ft from the portal a series of 
veins striking about N. 50° W. and dipping 55° NE. 
borders a broad gouge-filled fault zone. All the veins 
contain pyrite that yields a little gold. Across one of 
them, 1,000 ft from the portal, an abrupt change takes 
place from porphyry to a width of 60 ft of rhyolite ag­ 
glomerate, followed by highly contorted shale, which 
apparently represents a bed that was dragged up along 
the fault from beneath the porphyry sill. Beyond this 
is a timbered shattered zone, 20 ft wide, and farther 
northeast the porphyry reappears abruptly along what 
is interpreted as the northern side of the fault. As the 
projection of this fault zone with a dip of 55° E. brings 
it to the surface only about 200 ft northeast of the 
Weston fault as shown on Plate 13 of Professional 
Paper 148, it is believed to be the Weston fault. The 
fault is clearly premineral: on both sides of the fault 
zone the rock has been extensively replaced by chalcopy- 
rite and pyrite. Strongly replaced rock extends far 
into the porphyry and locally masks the structure.

Two minor fissures, respectively 1,025 and 1,185 ft 
from the portal, strike northeastward and dip 50° to 
85° SE.; some stoping and raising has been done along 
them. The northeastern of the two fissures is called 
Vein No. 6. Beyond it there is little of importance 
except at a point about 1,875 ft from the portal, where 
the tunnel passes through a large, gouge-filled, unmin- 
eralized fissure, trending N. 5° W. and dipping 50° E.

The main tunnel ends where it intersects the Sunday 
vein near the northeastern end line of the Greater New 
York claim. From a point south of the breast of the 
main tunnel an oblique crosscut eastward from the 
tunnel intersects the same vein. The Sunday vein has 
been stoped for about 360 ft north of its intersection

with the main tunnel and at intervals for 430 ft to the 
south. Some of this work was done during the years 
1930 to 1935, but most of it was done at an earlier period. 
The vein is said to have been entirely in a Gray por­ 
phyry and grits of the Weber (?) formation on the tun­ 
nel level. Too little is known of the rocks in tl Q- east 
wall to determine the amount of faulting along th°. vein. 
Local shattering within the Sunday vein suggests that 
some postmineral movement took place. The vein 
trends N. 17° to 18° E., dipping 82° to 88° NW. (Em- 
mons, Irving, and Loughlin, 1927, p. 322; Ramboz, un­ 
published report, 1912, made available through the 
courtesy of E. D. Dickerman, Leadville Colo.). Its 
strike and dip are somewhat different, and its direc­ 
tion of dip opposite, from those of the Hellenr. vein, 
which is regarded by many as the southern extension 
of the Sunday vein. Moreover, the Sunday vein here 
appears 100 to 200 ft west of the northward projection 
of the Hellena vein if the latter maintains the average 
strike observed in the Hellena mine. Nevertheless, 
these two may well be parts of one mineralized zone 
or even one fissure.

The vein has been far more productive south of the 
Garibaldi tunnel than north of it, where it is largely 
composed of gangue. Emmons, Irving, and Loughlin 
(1927, p. 322) state that it ranged in width from iy2 to 
8 ft, averaging 3 to 4 ft, and contained chiefly pyrite, 
galena, sphalerite, and chalcopyrite. Sphalerite and 
chalcopyrite were scarce, except locally. The ore was 
well oxidized at levels above an altitude of 11,600 ft 
and showed sulfide enrichment to depths of at lerst 600 
ft from the surface.

The output from 1901 to 1912 (Dickerman, personal 
communication) amounted to a total of 18,558 short 
tons of ore; individual shipments ranged in content as 
follows: gold, 0.05 to 0.97 ounce to the ton; silver, 1.90 
to 24.90 ounces to the ton; lead, 0.70 to 66.50 percent; 
copper, 0.10 to 2.57 percent; zinc, 0.20 to 11.80 percent. 
The ore was hoisted through the Sunday shafts. Oper­ 
ations were suspended from June 1912 until October 
1917, continuing thereafter until March 1920. Firing 
the second period 1,323 short tons of ore were shipped. 
This ore ranged in content as follows: gold, C.07 to 
0.49 ounce to the ton; silver, 2.75 to 14.05 ounces to the 
ton; lead, 5.05 to 33.10 percent; copper, 0.105 to 0.15 
percent; zinc, 4.20 to 9.50 percent.

Careful sampling (Ramboz, unpublished report, 
1912) of the vein in 1912 led to an estimated average 
content of 0.14 ounce gold to the ton, 2.35 ounces silver 
to the ton, and 3 percent lead. According to smelter 
returns, the total output for the entire period, 1901-20, 
was valued at $190,116.

RESURRECTION MINE

In 1935 the writer studied the new work carr; ed on 
by the Zenda Mining Co. along the Yak level from the
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Resurrection No. 1 (main) shaft (D-40). According 
to Emmons, Irving, and Loughlin (1927, pp. 320-322) 
the Resurrection group developed nine veins that lie 
generally north of the No. 1 shaft. They state in part:

Four of them—Nos. 1, 2, 7, and 8 have a roughly cresentic 
form with large radii of curvature * * * The veins were 
all accidentally discovered by underground workings driven 
for the purpose of developing the blanket ores * * * All 
the veins belong to the north-northeast system * * * These 
veins range in width from a few inches to 4 feet. The No. 7 
vein, which lies east of the Yak tunnel, is vrell denned and has 
been followed downward from the contact for large tonnage 
of siliceous gold ore, much of which contained galena and zinc 
blende with subordinate silver.

Along this fissure there has been a displacement of 
40 ft, which has brought Cambrian quartzite in the 
east wall up against eastward dipping shale of the 
Peerless formation.

The writer was able to study the work on the Yak 
tunnel level only, which was being actively carried on 
at the time (pi. 20). Here the No. 7 fault vein just 
west of the main shaft strikes about N. 15° E. and dips 
75° to 80° W. The No. 7 fault fissure is 20 ft wide with 
distinct boundaries. The ore in part replaces country 
rock, in part fills in between rock fragments, forming 
a mineralized fault zone much wider than the four feet 
mentioned above by Emmons, Irving, and Loughlin. 
The hanging wall of the vein is an altered member of 
the Gray porphyry group, broken still farther west by 
other faults.

This conspicuous fissure vein is not recognized with 
certainty in the first lateral (also called the Bryant 
lateral) south of the Main (No. 1) shaft. Two faults 
on this lateral situated 190 ft east of the Yak tunnel 
may represent the walls of the No. 7 vein, as they are 
about the same distance apart and have the same gen­ 
eral strike; but the faults dip 65° E. and are not ap­ 
preciably mineralized. It is equally probable, however, 
that the vein joins a fissure, also mineralized, that strikes 
S. 40° W. near the Resurrection No. 1 shaft and is 
exposed 165 ft east of the Yak tunnel in the Bryant 
lateral.

Farther east, where the Bryant lateral turns from an 
east-southeast to an east-northeast course to explore the 
Christmas claim, it enters Cambrian quartzite. About 
120 ft east of the turn two conspicuous fault fissures 
striking N. 20° E. and N. 50° E., with associated shear 
zones, repeat the Gray porphyry and are somewhat min­ 
eralized; another mineralized shear zone (the Christ­ 
mas fissures) is cut 300 ft farther east. Approximately 
525 ft east of the turn a raise was put up at the end of 
a blind drift on a mineralized fissure striking N. 10° E. 
in the Peerless formation. At a point 855 ft east of 
the Yak tunnel the main lateral was turned east-south­ 
eastward, cutting through the N. 10° E. fissure and 
another, striking about N. 30° E.; both of these veins 
are in shale of the Peerless formation. Farther south­

eastward this crosscut passes through MP niton dolo­ 
mite, an overlying sill of the Gray porpl yry group, 
another mineralized fault (not shown or plate 20), 
more shale, and entered another mass of thQ, Gray por­ 
phyry group. The rocks west of this fault dip east­ 
ward whereas those east of it dip northward. The 
lateral was stopped because it neared the side lines of 
the Christmas claim.

Of the several fissures cut by the Bryant lateral the 
Weil fissure is the most conspicuous, as it borders a 
shear zone 8 ft wide. The Weil raise along this fissure 
found nothing of interest but merits being extended 
into higher, more favorable rocks. The N. 10° E. fis­ 
sure that crosses the Bryant lateral about 90 ft east of 
the fork 930 ft east of the tunnel, also should be ex­ 
plored where it cuts more favorable rocks.

IBEX MINE

The Ibex mine, one of the oldest near Leadville, is 
known mostly for its output of gold in the early days 
of mining in the district. The general features of its 
ore deposits were well described by Emmons, Irving, 
and Loughlin (1927, pp. 295-300). In 1932 a part of 
the output came from higher levels in the ground north 
of the No. 2 shaft, where rich gold ore in small quanti­ 
ties was being mined. Most of the interest, however, 
centered on the seventh and lower levels, ard especially 
on the possibility of finding blanket deposits and rich 
gold-bearing veins like those of the Golden Eagle work­ 
ings and elsewhere. Chief interest lay in the possibil­ 
ity of finding replacement deposits in the Manitou dolo­ 
mite and shale of the Peerless formation and in veins 
in these formations and the Cambrian quartzite. In­ 
tercalated at various horizons in this part of the se­ 
quence are sills of early White porphyry. As the 
search for blankets at the lower horizons must largely 
be confined to the Manitou dolomite or to calcareous 
layers in the Peerless formation, the problems of fur­ 
ther exploration were mainly structural; hence the 
writer spent a part of the summer of 1928 in studying 
the geology to revise the maps already published in 
Professional Paper 148, in particular of areas north 
of the No. 2 Shaft. The new maps are presented in 
Plates 6-8. A brief discussion of the northern part of 
the mine at the seventh level and below is given in the 
following pages. The altitudes of the various levels 
are as follows:

Altitude 
(fe0t)

Seventh level__________________ 10,915 
Fourth level from Kyle winze——————__ 10, 760 
Tenth level____________________ 10, 687 
Bott level, above twelfth level________ 10, 569 
Twelfth level___________________ 10,508

The main north haulageway of the seventh level 
north of the No. 2 shaft (Emmons, Irving, and Lough-
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lin, 1927, p. 300) is driven essentially across a syncline 
having Parting quartzite downfolcled to this level be­ 
tween limbs of Manitou dolomite (pi. 6). About 430 
ft north of the shaft and a little west of the main haul­ 
age drift, the axis is crossed obliquely by a fault fis­ 
sure striking north-northwest and having a displace­ 
ment essentially parallel to the strike of the fault plane, 
the east side having moved south. This is one of the 
larger faults of the mine. To the north its course 
curves northeastward and its displacement decreases 
until apparently (in Block 44, about 800 ft north of 
the No. 2 shaft) it is reduced to two fissures which strike 
north-northeast and have almost no displacement (see 
pi. 6). Most of the country rock is the unfavorable 
early White porphyry and the fissures are mineralized 
only in a narrow band of shale of the Peerless forma­ 
tion along which considerable stoping has been done. 
These two fissures are recognizable 011 a sublevel 70 
ft above the seventh level at the northeastern end of the 
workings, where Parting quartzite is faulted against 
early White porphyry; mineralized ground on this sub- 
level is negligible.

Along the northeastern part of its course, the seventh 
level crosses numerous small faults with strikes ranging 
from due north to about N. 50° W.; none of them is 
markedly mineralized. A raise in Block 300 connects 
the seventh level with the previously mentioned level, 
TO ft higher. This sublevel splits northward into two 
branches, of which the western one follows a north­ 
western fissure in early White porphyry, and the east­ 
ern one follows a north-northeasterly fissure east of 
which Manitou dolomite, Parting quartzite, and vol­ 
canic agglomerate appear in a complex relationship, 
as shown on the map, Plate 6. At least two northwest- 
trending faults are mineralized in this end of the mine.

The fourth level from the Kyle winze (pi. 8) devel­ 
oped little of interest except a fault contact between 
a sill of early White porphyry to the northeast and the 
Manitou dolomite to the southwest. This fault strikes 
K 45°-70° W., parallel to the strike of the beds, and 
dips 80°-60° NE., but it curves irregularly in ground 
plan and is offset by several lesser faults of northeast 
strike. Especially disappointing here is the failure 
to find any important ore shoots in the Manitou dolo­ 
mite, which is generally productive though not as fa­ 
vorable to mineralization as the Leadville dolomite.

The tenth and closely adjoining levels (pi. 7), north 
of the No. 2 shaft, cut two sills of altered early White 
porphyry between which is a thickness of 50 ft of shale 
of the Peerless formation that contains some thin beds 
of almost pure limestone. Most of the mineralized fis­ 
sures trend north or northeast, but the vein matter is 
not rich. The contrast between the mineralized north­ 
east-trending fissures and the postmineral fissures of 
north to northwest trend is most striking, especially in 
the northern part of the workings, where the barren

northwesterly fissures intersect and offset the veins of 
northeasterly strike. Of most economic interest is the 
ore in the Peerless formation near Swanson's incline. 
Ore shoots of this group lie along mineralized f ssures 
that trend east-northeast and beneath shaly beds or the 
overlying sill of early White porphyry. A group of 
such shoots is exposed south of Swanson's inclin0,. At 
the southern end of this mineralized area the Peerless 
formation was so intensely mineralized above the tenth 
level and west of it (that is, up the dip) that a con­ 
tinuous blanket ore-body could be mined; but farther 
north, and down-dip from the level, replacement was 
less continuous between the neighboring feeding fis­ 
sures. Here the elongate form of the stopes defines the 
fissures; they average 10 to 50 ft in width. The ore 
shoot has been opened by Swanson's stope and Swan- 
son's incline for a distance of 270 ft. The main min­ 
eralized fissures in this ground trend N. 30°-50° E., 
and generally dip 75°-90° E., but some curve so as to 
produce a reversal of dip. An abundance of small 
feather fractures meet these major fractures at small 
angles and strike N. 10°-20° E.; an especially good 
example is in the short exploratory drift extending S. 
20° W. about 20 ft from the lower (northeast) end of 
Bowden's stope; the drift itself is driven along the 
minor fissures, which are vertical, gaping, and partly 
filled with crusts of sphalerite and pyrite.

Variously dipping faults that strike parallel to the 
beds and are distinctly though not abundantly mineral­ 
ized, occur locally and perhaps more generally than is 
recognized. Such faults are common in the northern 
end of this level, but the best example is that at the 
northeastern end of Swanson's incline (figs. 100 and 
101). Here the shale of the Peerless formation, con­ 
taining much shaly limestone, has been largely re­ 
placed by ore and a fault brings the sill of early White 
porphyry (normally above the shale) against it. The 
fault dips about 50° NE.; the dip of the beds is sim­ 
ilar in direction but only 25°. Up the dip of the beds, 
the dip of the fault gradually flattens so that the 
two planes are parallel. In the hanging wall the por­ 
phyry is greatly shattered. Though the main fissures 
of Swansoirs stope cannot be traced into the fault, min­ 
eral-bearing accessory fractures extend into the fault 
breccia and cross it, dying out in the solid porphyry 
northeast of the stope. It is not clear from thes^ rela­ 
tions whether the fault is normal or reverse; less dis­ 
placement would be required to bring the early White 
porphyry against the upper part of the shale if the 
porphyry were assumed to be the sill above the shale 
rather than one below it. This fault may therefore be 
assumed to be normal, but the structural features are 
more like the "zigzag" fissures associated with reverse 
faulting (Behre, 1937, pp. 525-527).

In the upper end of Swanson's stope the relation 
between the positions of fissures and the local thick-
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EXPLANATION 
Map Section

Shaly limestone of the 
Peerless formation

Fault or fissure, showing dip
U, upthrown side; 

D, downthrown side

Strike and dip of beds

0 
Head of winze

FIGURE 100.—Detailed map of Swansea's stope, Ibex mine, and vertical sections parallel and transverse to its length. Note relations of faults to
mineralization.
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SE. NW.

EXPLANATION 
a. Fault 
b. Open joints 
c. Beds of shaly limestone 
d. Sill of early White porphyry

FIGDEB 101.—Details of fractures in limestone bed at head of Swanson's 
stope, Ibex mine. Note open joints, locally mineralized, apparently 
related to main fault.

nesses of replacement bodies is especially conspicuous. 
The richer, thicker parts of the ore shoots along fissures 
are 30 in. or more thick; between the fissures, within 
distances of no more than 20 ft, the thicknesses decrease 
to 6 in. or less, and the grade of ore becomes poor. The 
southwestern edge of the stope is thus lobate, consist­ 
ing of alternate fingers of rich ore following fissures 
and intervening prongs of lean or barren country rock. 
Most of this ore was cupriferous pyrite that had ex­ 
tensively replaced the calcareous beds of the Peerless 
formation; in addition to the copper, as much as 1 ounce 
of gold to the ton was recovered. But along certain 
fissures, such as the eastern fissure in Swanson's stope, 
the gold content was as much as 12 ounces to the ton. 
The richness of the ore in and immediately adjacent to 
places where a vein crosses the sulfide blanket body 
suggests that the gold was deposited later than the sul- 
fides and was precipitated through interaction of the 
solutions with the sulfide ores. Along several of the 
fissures replacement has been so extensive that the orig­ 
inal feeding fissure is completely hidden; this probably 
accounts for the absence of a distinct fissure in Swan- 
son's incline, despite the local intensity of minerali­ 
zation. Directly beneath the blanket deposits the cal­ 
careous shale in places is largely silicified.

At the northern end of the workings winzes have been 
sunk to connect the tenth level with drifts 54 and T4 
ft below the main level, and in this lower work some 
northeast-trending mineralized fissures have been found 
cutting the sill of early White porphyry that overlies 
the Peerless formation. The mineralized ground was 
not rich enough here to merit further exploration; 
nevertheless, sinking along such fissures to search for 
ore in calcareous beds of the underlying Peerless for­ 
mation offers a reasonable hope of success. Some of

these fissures are cut and offset by postmineral faults 
of northwest trend.

The Bott level (pi. 8) crossed three mineralized fis­ 
sures trending northward and dipping moderately to 
steeply eastward; however, the country rock at this 
level is almost wholly in a zone of little promise— the 
early White porphyry of the sill below the Peerless 
formation. At the southern end of the workings a 
raise of 25 ft broke into a small but rich body of ore in 
the overlying calcareous beds of the Peerless formation. 
A fault of northwesterly trend exposed in the northern 
part of the workings is interpreted by some E,S the 
Colorado Prince fault but it proves to be a deeper fault, 
nowhere recognized at the surface ; the writer has r amed 
it the Bowden fault (Behre, 1929, pp. 54-55) after its 
discoverer, W. E. Bowden, one of the men most active 
in deeper explorations in the Ibex mine.

On the twelfth level (pi. 8) little encouraging evi­ 
dence was found. Stoping at the southeastern end of 
this level in the Peerless formation above the mair level 
revealed a lower part of the ore body mentioned in the 
description of the Bott level. Complex faulting has 
cut out the Cambrian quartzite at the northern end of 
the mine, and pre-Cambrian granite has been brought 
up on the north against early White porphyry on the 
south. The main fault here is the Bowden fault. The 
ground is locally shattered and slightly mineralized 
along a fissure of north-northeasterly trend that was 
seen as a highly mineralized fissure on the Bott and the 
tenth levels. The part of the Ibex mine north of No. 
2 shaft and below the seventh level has proved disap­ 
pointing, except where northeasterly fissures cro^s the 
calcareous beds of the Peerless formation.
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