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ABSTRACT
The Orient deposit is an occurrence of carbonate-hosted 

limonite located in the northern Sangre de Cristo Mountains 
of south-central Colorado. The Orient Mine exploited the 
deposit from 1881 through 1932 and has been the largest 
producer of iron ore in Colorado, having produced about two 
million tons of limonite.

Limonite mineralization is exclusively hosted by the 
Mississippian Leadville Formation on the west limb of a 

multiply-faulted syncline located adjacent to the eastern 
bounding fault of the Rio Grande Rift. The Leadville contains 
two major unconformities marked by paleokarst erosional 
surfaces resulting from subaerial exposure of the Red Cliff 
Member during the Middle Mississippian and the Castle Butte 
Member during the Late Mississippian to Early Pennsylvanian. 
The periods of subaerial exposure resulted in the formation 
of intraformational breccias and paleocaverns that directly 
control ore distribution. Intraformational breccias are 
superimposed on each other, indicating that the breccia 
horizons were sites of multiple dissolution events and 
favorable pathways for fluid flow. Argillically altered and 
sericitized porphyry sills are also hosted by the Paleozoic 
section at the mine.

Mineralization is hosted primarily by the Red Cliff 
Member of the Leadville Formation, with the mineralized
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interval extending from the Gilman Member to the top of the 
stratabound breccia horizon overlying the unconformity at the 
top of the Red Cliff Member. The mineralization replaces 
paleokarst breccias and occupies dissolution features, with 
best development where dissolution events resulting from both 
periods of subaerial exposure overlap. The close spatial 
relationship between sandstone-infilled paleocaverns and 
limonite mineralization suggests that they also may have been 
conduits for iron-bearing solutions.

Mineralization at the Orient deposit was a multistage 
process consisting of early reduced mineral stages with later 
superimposed oxide mineral events. Early mineralization is 
comprised of ankerite with associated chalcopyrite, pyrite, 
specular hematite, and quartz deposited in four substages 
separated by fracturing and brecciation. Brown lime 
mineralization, comprised of calcite plus limonite with 
associated barite, preferentially replaces the ankerite 
mineralization. Ochre mineralization post-dates the brown 
lime mineralization and consists of insoluble residue and 
remobilized limonite resulting from acid leaching. Limonite 
mineralization comprising the Orient deposit is exclusively 
hypogene goethite introduced into ankerite-mineralized sites 
from specular hematite-filled stockwork veinlets. Supergene 
limonite and goethite derived from oxidizing remnant 
chalcopyrite and pyrite within the massive goethite is

iv



T-3605

superimposed on the early hypogene goethite.
The age of the deposit was undeterminable from this 

study. Ankerite and goethite mineralization post-date 
intrusion of most, if not all, porphyry sills, which are 
inferred to be mid-Tertiary in age based on age dates of 
similar intrusions in the area. Mineralization is best- 
developed proximal to the Rio Grande Rift, and exhibits rift- 
parallel structural elements. Rift-related faults offset ore 
bodies, however, suggesting that ankerite and goethite 
mineralization formed during early rift development. The 
hydrothermal system responsible for forming the Orient deposit 
probably resulted from either rift-related high heat flow at 
the intersection between Laramide thrust faults and normal 
faults formed during extension or a possible intrusive mass 
underlying the Orient Mine area.
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FORWARD

And to this end we went out into the field, time and time 
again. Often at brief intervals, we returned to the same 
outcrop where our Pythia, Nature, opened her mouth from time 
to time to utter her equivocal oracles. Time and again we 
studied the same stratification, or the same interpenetration 
of rocks, and yet each time advanced one step further, because 
of what we had learned on the last visit, because the previous 
impression had time to settle, or because this time our eyes 
were a little keener and now observed what hitherto had 
escaped them. I write this for the student who, many years 
back and decades later, replied to my question as to why he 
had not come with us on a field trip by saying he "had already 
been there once". I said nothing to him at the time. For he 
who is not born a geologist, cannot be made into one.

—  Hans Cloos, Conversation with the Earth
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INTRODUCTION

The Orient Mine exploited an unique and enigmatic 
occurrence of limonite mineralization located in the northern 
Sangre de Cristo Mountains of south-central Colorado. A 
substantial tonnage of limonite ore was produced during the 
period of 1880-1932 from a zone of individual, stratabound, 
manto-like ore bodies hosted exclusively by the Mississippian 
Leadville Formation. The mine is located near the southern
most known exposure of the Leadville Formation within 
Colorado, and is the most southerly of many economically 
significant deposits within the region. The deposit has the 
distinction of being the principal producer of iron ore for 
the state of Colorado (Lentz and others, 1962). Oxidized 
limonitic mineralization is extensive throughout the mine 
area, present over a vertical range of 1000 feet and a strike 
length of 4000 feet. The deposit is unique from the 
standpoint of the extent of oxidized mineralization, the mode 
of occurrence, and that no other analogous deposits are known 
to exist among the many carbonate-hosted base and precious 
metal deposits of Colorado.

Although a number of authors have addressed the 
sedimentological, diagenetic, and mineralization features of 
the Leadville Formation in the northern and central parts of
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Colorado (Banks, 1967; Nadeau, 1972; Posada, 1973; De Voto,
1982; 1985; 1987; Johansing, 1982; 1985 ; Thompson and others, 
1983 ; 1985; Dorward, 1985 ; Horton, 198 5 ; Tschauder and Landis, 
1985 ; Hall, 1987 ; Beaty and others, 1989), little work has 
been done on the southern-most exposures of the formation. 
Important differences are recognized between the majority of 
carbonate-hosted base and precious metal deposits and the 
mineralization at the Orient mine. The Leadville Formation 
has not been subjected to pervasive dolomitization as at the 
mining districts of Leadville, Aspen, and Gilman. Although 
oxide mineralization is present in these districts, it is 
relatively shallow and rapidly changes into primary sulfide 
mineralization that has not been recognized at the Orient 
Mine. The majority of the central Colorado carbonate-hosted 
deposits are silver-lead-zinc-rich, whereas the mineralization 
at Orient is lead-zinc deficient and enriched in copper.

Obi ectives
The purpose of this study is threefold : 1) to determine 

the nature of the limonite mineralization as a supergene or 
hypogene product, and if supergene, what the unoxidized 
precursor was; 2) to determine the control of mineralization, 
especially the potential role of paleokarst on the 
distribution of ore ; and 3) to determine the relative age and 
ultimately the origin of the deposit. Detailed examination
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of ore/host rock relationships within the mine together with 
the advances made in analytical techniques and the knowledge 
of ore-forming processes in the last fifty-five years since 
the last comprehensive study are believed to have 
significantly added to the knowledge of the deposit and solved 
some of the controversial ideas as to origin.

Methods of Investigation 
A total of six months were spent at the mine during the 

summers of 1985 and 1986, conducting surface and underground 
geologic mapping, sampling, and in the preparation of detailed 
sketches of pertinent relationships between mineralization 
phases and their relation to the host rocks within the mine 
area. The study was complicated by the mine having been 
closed for over fifty years, the extensive nature of the mine 
workings, mine walls that obscure a majority of the geology 
from observation, and the fact that most of the ore bodies 
have been mined out, providing few opportunities to study a 
complete ore body. As it was not feasible to map the entire 
mine at the scale of this project, maps of Stone (1932) and 
Mathews (1977) were utilized to concentrate this study in 
areas of suspected critical relationships.

Over two hundred hand samples were collected from the 
surface and all accessible levels of the mine. Mineralization 
samples encompass a vertical range of over 700 feet and a
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lateral extent of 4000 feet. A majority of the samples were 
slabbed to observe textural and paragenetic relationships. 
From these, thirty-one polished sections of various 
mineralization types and forty-six thin sections of the host 
rocks, particularly breccia types, were examined.

Drill records from early exploration drilling and old 
mine maps were utilized to supplement the recently obtained 
data, and to get a more accurate idea of ore body 
configuration prior to mining. Diamond drill core from four 
surface holes drilled between 1973 and 1975 was also examined.

X-ray diffraction methods were utilized to identify 
unknown mineral phases, using the powder diffractometer at the 
Colorado School of Mines. The electron microprobe at the U.
S. Geological Survey in Denver was utilized to determine the 
composition of carbonate minerals. Additional microprobe 
studies were carried out at Manville Research in Denver on the 
composition of oxidized chalcopyrites. Cathodoluminesence 
techniques were utilized on a limited number of carbonate thin 
sections to determine if textures indicative of multiple 
precipitation episodes not visible under normal transmitted 
light were present.

Eighteen-element neutron activation and atomic absorption 
analyses on fifty samples of various mineralized phases were 
completed by Bondar-Clegg Inc. in Vancouver, B. C . Gold 
analyses of the same samples were completed by analytical
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laboratories at Precambrian Exploration, Inc. at Wheatridge, 
Colorado.

Previous Work
The presence of iron mineralization in the Orient area 

was first noted by Endlich (1874) during the Hayden survey of 
1873. Rolker (1886) was the first to describe the nature of 
the ore bodies in the early stages of development. Hills 
(1892; 1899) described the deposits in greater detail and
presented recommendations for development in unpublished 
company reports to the management of the Colorado Fuel and 
Iron Company. The first comprehensive geological study of the 
Orient deposit was completed by Stone (1932; 1934). Gableman 
(1953) includes a brief description of the Orient deposit in 
his discussion of mineral belts in south-central Colorado. 
Nolting ( 1970) addressed the Pennsylvanian-Permian 
stratigraphy and structural geology of the Orient region and 
mapped the general geology of the mine area. Mathews (1977) 
served as project geologist for the CF&I Steel Corporation 
exploration program on the Orient property, conducting 
geophysical and geochemical surveys, surface geologic mapping, 
and core drilling. Samsela (1980) described the stratigraphy 
of the Devonian Chaffee Group and the Mississippian Leadville 
Formation in the mine area as part of a regional study of the 
northern Sangre de Cristo Mountains. Lindsey and others 
(1985) discussed the deposit in a resource evaluation done for
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wilderness study areas adjacent to the mine. Numerous authors 
have mentioned the Orient deposit in regional studies of 
structure and stratigraphy in the area, but have done little 
to address the nature of the mineralization beyond summarizing 
the conclusions of Stone (1934) and Gableman (1953).

A variety of theories have been proposed to explain the 
nature of the iron mineralization at the Orient Mine over the 
hundred years that have elapsed since first production. Hills 
(1892; 1899) believed that the limonite deposits were
essentially gossans derived from the supergene oxidation of 
primary iron and copper sulfides. Stone (1932; 1934), who was 
mine geologist during the latter years of operation, stated 
that the deposit originated from the intense oxidation of 
hydrothermal siderite, which had replaced the Leadville 
Limestone. Lindsey and others (1985) proposed that the iron 
mineralization originated through the direct precipitation of 
limonite from hydrothermal solutions associated with 01igocene 
plutons.

Controlling factors on the distribution of mineralization 
have only received cursory attention. Stone (1932 ; 1934 )
mentioned that the replacement ore bodies were restricted to 
the most chemically pure portions of the Leadville Limestone, 
and that the ore fluids were guided by closely spaced joints. 
He also noted the absence of any clearly defined controlling 
structures for the ore-forming solutions. Lindsey and others
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(1985) suggested that structure played an important role in 
the localization of the ore deposits, as reverse faults, 
thrusts, and axial planes of folds containing limonite 
mineralization were observed in the Orient region.

Location
The Orient Mine is located in eastern Saguache County, 

Colorado within section 25, Township 46N, Range 10E, 
approximately eight miles southeast of Villa Grove and one 
mile north of Valley View Hot Springs (Figure 1) . The mine 
workings are situated on the western edge of the Sangre de 
Cristo Mountains immediately adjacent to the eastern side of 
the San Luis Valley. Access to the mine is by way of a gravel 
road running due east from the intersection of U. S. Highway 
285 and State Highway 17.

Most of the mine workings are located on a southwest- 
facing hillside between Black Canyon on the north and Orient 
Canyon to the south (Figure 2). The highest level of the mine 
is the Black Canyon open pit at 9900' elevation; the lowest, 
the Sixth level adit, at 8830'. The mine is comprised of a 
minimum of thirteen levels. Open pit operations existed at 
the Black Canyon level, Third level, English Pit, Prospector 
Pit, and the Flag Pit (Plate I). A significant portion of the 
underground workings are comprised of old stopes of extremely 
large size that occasionally open to the surface
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Figure 1. Map of south-central Colorado showing the location
of the Orient Mine. Modified from Nolting ( 1973) .
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Figure 2. Orient Mine workings viewed from the San Luis 
Valley looking toward the east. Black Canyon is 
located to the left of the mine workings and Orient 
Canyon in the right center. The large open stope 
illustrated in Figure 3 is visible in the left 
center of the photograph.
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(Figure 3). Several large natural cavern systems are present 
in the mine, which are utilized for access between levels.

The Orient property is privately owned. Public land 
under the direction of the Bureau of Land Management borders 
the property on the west and on the immediate east, where it 
is contiguous with the Rio Grande National Forest.

Mine History
Although the Orient Mine operated continuously for over 

fifty years, no comprehensive reference of the mine history 
has been published. The following chronology of events was 
compiled largely from references on the early history of the 
CF&I Steel Corporation (Rolker, 1886 ; Hills, 18 9 2 ; 1899; S.,
H . J ., 19 02; Anonymous, 19 07; 1931; Stone, 1932).

The iron mineralization at the Orient Mine is believed 
to have been first recognized by prospectors searching for 
base and precious metals during the late 1860's, but did not 
attract much attention due to relatively low metal contents 
of the Orient limonite. Although the potential as a source 
of iron ore was recognized relatively early, development was 
not attempted due to lack of demand and ready transportation. 
The rapid growth in the state's mining industry in the late 
1870's, created a demand for railroads to serve the mining 
districts and hence steel rails and the raw materials for 
their manufacture. The Colorado Coal and Iron Company,
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Figure 3. View of the Third Level open stope. Stope 
dimensions are five hundred feet long, one hundred 
feet wide, and two hundred feet deep. Two people 
are located at the upper right edge for scale. 
View is to the south looking out over the San Luis 
Valley.
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predecessor to the Colorado Fuel and Iron Company, was formed 
in 1880, with the primary objective of meeting this demand by 
exploiting the state's iron and coal resources for the 
production of steel. Based entirely on surface indications 
and inferred reserves at Orient prior to any development work, 
the milling complex at Pueblo, Colorado was constructed 
(Hills, 1892) .

A railroad was built to the mine site in 1881, at which 
time large-scale production commenced. The Orient Mine was 
the most important source of iron for the steel mill until 
1905, producing over 1,370,000 tons of ore during that period 
(Stone, 1932) . A community of approximately 400 people and 
over 70 buildings, including a boarding house with capacity 
for 300, a company store, saloon, school and library existed 
at the mine site, of which no trace currently remains. Lack 
of development work and the apparent depletion of reserves 
resulted in the mine closing in 1905. Leasors produced an 
additional 116,000 tons of ore through 1921.

In 1921, the mine was surveyed and examined by company 
engineer George Botsford, which was the first systematic 
exploration for undiscovered ore bodies at Orient. The 
resulting maps and sections suggested potential for additional 
ore reserves and the mine was reopened by CF&I in 1922. 
Several new ore bodies were discovered during the course of 
development work that produced an additional 250,000 tons of
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limonite through 1932. It became apparent in 1930 that known 
reserves were again reaching depletion, and an extensive 
geologic mapping and a core drilling program was initiated 
under the direction of company geologist J. B. Stone. This 
resulted in the delineation of additional ore reserves as 
extensions of known ore bodies below the level currently being 
mined, and in 1931, the Sixth level adit was driven toward the 
ore zone. Advancement was stopped just short of the ore 
bodies late that same year and the mine closed when all iron 
properties were idled due to financial difficulties of the 
company. The mine was formally abandoned in 1943.

Total recorded mine output during the fifty years of 
continuous production amounted to over 1,700,000 tons of 
limonite. As all material was shipped to the steel mill at 
Pueblo rather than being sold directly, no true estimate of 
deposit value can be obtained. Estimates based on sporadic 
records of production costs over the period of operation 
suggest a range of approximately two to five million dollars.

CF&I Steel Corporation's nonferrous exploration division 
conducted an exploration project for copper in the mine area 
in the early 197 0's, based upon the premise that the iron 
oxides may represent a supergene alteration product after 
primary copper sulfides (Mathews, 1977). Four diamond drill 
holes were drilled between 1973 and 1975 that encountered 
sporadic limonite mineralization up to a thousand feet below
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the level of the lowest mine workings. Although weak copper 
mineralization was encountered, the project was discontinued 
due to abandonment of the nonferrous exploration branch. The 
Orient property was sold by CF&I Steel in 1984 after more than 
a century of ownership. Reclamation activities by the 
Colorado Mined Land Reclamation Division occurring near the 
end of the field period for this project have permanently 
closed several levels of the mine and rendered a considerable 
portion unsafe for further study.
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REGIONAL GEOLOGY

The Orient Mine is located on the western slope of the 
northern Sangre de Cristo Mountains, a narrow north-northwest- 
trending Neogene to Quaternary-aged fault block range. The 
San Luis Valley, a geomorphic manifestation of the Rio Grande 
Rift, is located immediately west of the range and the mine 
site. Over 6500 feet of relief is present near the study area 
between the valley bottom and the crest of the range. The
Sangre de Cristo Mountains in the mine region are
predominantly comprised of a sequence of lower to middle 
Paleozoic carbonate and siliciclastic sedimentary rocks less 
than 1000 feet in aggregate thickness, and over 12,000 feet 
of Pennsylvanian to Permian sandstones and arkoses. A 
generalized stratigraphie section is shown in Figure 4. A
generalized geologic map illustrating the distribution of
units and the structural trend of the northern Sangre de 
Cristo Range is presented in Figure 5.

The geology of the northern Sangre de Cristo Range 
records a varied history of Paleozoic sedimentation that has 
been affected by several periods of differential uplift, 
erosion, and regional deformation since Pennsylvanian time. 
As these events probably both directly and indirectly 
influenced formation of the iron mineralization at the Orient 
Mine, a summary of the regional geology is relevant, and
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allows for the detailed geology of the mine site to be put 
into a regional context.

Earliest Paleozoic sedimentation within the region is 
represented by the Ordovician Manitou Formation, which 
unconformably overlies Precambrian basement rocks of early 
Proterozoic age. The latter are comprised of well-foliated 
quartzofeldspathic and biotite-hornblende gneisses with local 
granitic intrusions (Litsey, 1958 ; 19 6 0; Lindsey and others, 
1985) . The Manitou Formation in the northern Sangre de Cristo 
Range is dominated by fine- to medium-grained thinly bedded 
dolomite with sparse chert nodules. Conformably overlying the 
Manitou Formation are bedded quartzites of the Middle 
Ordovician Harding Formation. The upper Ordovician Fremont 
Formation overlies the Harding Formation and is composed of 
gray, massive dolomite wackestones and packstones thought to 
reflect a subtidal depositional environment (Samsela, 1980). 
Silurian rocks are absent in the northern Sangre de Cristo 
Range. Sedimentation resumed in the Late Devonian with 
deposition of the Chaffee Group, consisting of the Parting and 
Dyer Formations. The Parting Formation is characterized by 
a lower unit composed of shales and siltstones, and a upper 
unit of quartz arenites, both interbedded with dolomite 
mudstones (Samsela, 1980) . The overlying Dyer Formation is 
dominated by dolomite mudstones and stromatol itic boundstones. 
The middle and upper portions of the Dyer Formation,
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particularly in the mine area, are dominated by planar and 
laterally-linked hemispheroidal stromatolites. Occasional 
intraclast zones and mudcracked horizons are also present. 
Samsela (1980) noted a regressive sequence within the Dyer 
represented by transition upsection from subtidal to 
intertidal to supratidal depositional environments.

The Mississippian Leadville Formation unconformably 
overlies the Chaffee Group and is of particular interest at 
the Orient Mine, as it hosts all of the known mineral 
deposits. Samsela (1980) separated the Leadville Formation 
in the northern Sangre de Cristo Mountains into three members, 
the Gilman, Redcliff, and Castle Butte, consistent with 
nomenclature applied by Nadeau (1972) to the Leadville 
Formation of central Colorado. The following summary 
descriptions are primarily from the work of Samsela (1980).

The basal Gilman Member is characterized by thin 
lenticular quartz arenite bodies interbedded with carbonate 
breccias and dolomite mudstones. The contact between the 
underlying Dyer Formation and the Gilman Member is marked by 
an irregular erosional surface of limited relief. Samsela 
(1980) characterized the Gilman by the presence of medium to 
coarse grained, subrounded to subangular detrital quartz 
grains. The environment of deposition is interpreted to have 
been a fluvial-dominated distributary channel system developed 
in an upper intertidal to lower supratidal environment. The
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sediment source is inferred to have been to the east.
A gradational contact between the Gilman Member and the 

overlying Redcliff Member is characterized by the gradual loss 
of quartz sand. The Redcliff Member consists of interbedded 
dolomite and lime mudstones and stromatolitic boundstones, 
with occasional interbedded chert horizons. Intraformational 
breccias are common within the member. Redcliff sedimentation 
was terminated by a regional erosional disconformity, 
manifested by the development of a thin unit of carbonate 
conglomerates, arenaceous carbonate mudstones^ and rare quartz 
arenites. This unit reflects interruption of carbonate 
deposition through either tectonism and/or sea level lowering, 
and suggests subaerial exposure of the Redcliff Member prior 
to deposition of the overlying Castle Butte Member.

The Castle Butte Member consists of lime wackestones to 
grainstones interbedded with medium to thickly bedded lime 
mudstones. Laterally discontinuous thin beds of chert and 
occasional chert nodules are common throughout the Castle 
Butte Member. A pronounced regional unconformity of Late 
Mississippian age characterized by an erosional surface of 
over twenty feet of local relief, intraformational breccias, 
and paleokarst features marks the upper contact of the member. 
Samsela (1980) notes the occurrence of rubble-fill deposits, 
consisting of carbonate clasts in a mud and silt matrix, that 
are associated with the unconformity and are thought to
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reflect paleosinkholes. The Leadville Formation regionally 
varies in thickness from a minimum of 80 feet at Orient 
(Stone, 1932) to over 300 feet at Kerber Creek and the 
northern Sangre de Cristo Range (Gableman, 1952; Litsey, 1958; 
Bridwell, 1968; and Samsela, 1980). The thickness variation 
is interpreted to be a result of the Late Mississippian 
erosional event.

A residuum or paleosol of insoluble material developed 
on the subaerially exposed surface of the Leadville as a 
consequence of the extensive dissolution. This regolith, 
designated the Molas Formation, shows extensive, though 
sporadic, development throughout central Colorado (Powers, 
1969) . Due to the nonresistant nature of the Molas Formation, 
it has not been recognized in the northern Sangre de Cristo 
Mountains prior to this study. Litsey (1958), however, noted 
the presence of a red weathered zone containing chert pebbles 
at the top of the Leadville Limestone that is probably 
correlative with the Molas Formation.

During Pennsylvanian and Permian time, vertical movement 
along major structures formed the Ancestral Front Range, the 
Uncompahgre Uplift, and the intervening Central Colorado 
Trough (De Voto, 1972). Quartzose sandstones, carbonaceous 
shales, and occasional thin discontinuous coal beds of the 
Kerber Formation were deposited in the Central Colorado Trough 
disconformably on the Leadville Limestone in a nonmarine,
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coastal plain environment (De Voto and Peel, 1972) . Continued 
subsidence of the trough accompanied by uplift of the 
Uncompahgre Highland and the Ancestral Front Range resulted 
in the deposition of up to 18,000 feet of coarse-grained 
sandstones and conglomerates of the Sharpsdale, Minturn, and 
Sangre de Cristo Formations (Nolting, 1972). Paleocurrent 
studies have identified the Uncompahgre Highland, located 
southwest of the trough, as the sediment source for the entire 
Pennsylvanian-Permian section (Lindsey and others, 1986).
Regional isopach and lithofacies maps indicate that the Orient 
area was near the depocenter of the Central Colorado Trough 
during most of the sedimentation and hence reached maximum 
burial depths for the region (De Voto and Peel, 1972).

Mesozoic sedimentary rocks are not exposed in the range 
due to removal by erosion. Lindsey and others (1986) estimate 
that up to 4000 feet of Cretaceous sedimentary rocks may have 
overlain the area, based upon extrapolation from nearby basins 
and indirect evidence from conodont alteration studies.

During the Late Cretaceous to Eocene Laramide orogeny, 
sedimentary rocks deposited in the Central Colorado Trough 
were subject to intense deformation as compressional forces 
brought the Uncompahgre Highland and the Ancestral Front Range 
closer together (Lindsey and others, 1983). The Paleozoic 
section was subject to disruption through the formation of 
imbricate thrust plates that are internally faulted and



T-3605 23

tightly folded. As many as eight major thrust plates have 
been identified in the northern Sangre de Cristo Range. The 
Leadville Limestone immediately north of the mine area has 
been tightly folded into a series of anticlines and synclines 
with frequent repetitions of the section through high angle 
reverse faulting (Litsey, 1958) . A complex system of high to 
medium angle reverse faults is present in the general area of 
the Orient Mine, with an early set of east-dipping faults that 
have been offset by a later set of west-dipping thrust faults 
(Lindsey and Soulliere, 1987). Movement on the early system 
was toward the west, whereas the opposite sense of motion 
prevailed during later thrusting.

The Paleozoic section of the northern Sangre de Cristo 
Range has been subject regionally to subgreenschist grade 
metamorphism. Secondary fine-grained muscovite and chlorite 
are pervasive throughout the Pennsylvanian sedimentary rocks. 
Conodont alteration studies indicate heating temperatures of 
190-300 degrees Centigrade (Lindsey and others, 1986) .

After Laramide deformation ended in the Eocene, an 
extensive period of erosion followed, with a through-going 
drainage system incising the area of what is now the northern 
Sangre de Cristo Range. In the late Oligocene, the beginning 
of extensional tectonics and the formation of the Rio Grande 
Rift disrupted the drainages as uplift of the range began 
(Tweto, 1979).
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Coincident with early rift development was the 
emplacement of numerous igneous intrusions in southern 
Colorado, the largest of which in the Orient area is the Rito 
Alto stock, exposed at the crest of the Sangre de Cristo Range 
three miles east of the Orient Mine in the vicinity of 
Cottonwood Peak. The petrography and petrology of the stock 
are described by Toulmin (1953). The intrusion is
predominantly a medium- to coarse-grained augite-hornblende- 
biotite tonalité with accessory magnetite, sphene, and 
apatite. The tonalité intrudes the Pennsylvanian Minturn 
Formation and has an outcrop exposure of approximately four 
square miles. A contact metamorphic aureole up to 2500 feet 
wide is present around the periphery of the Rito Alto stock, 
with a mineral assemblage consisting primarily of secondary 
biotite with local hornblende, garnet, and silica. Lindsey 
and others ( 1985) and Scott and others (1976) assign an 
Oligocene age to the intrusion, based on fission-track dates 
of 28.0+3.4 m.y. on zircon and 32.8+2.4 m.y. on sphene. The 
tonalité intrusion is cut by small porphyritic granite bodies 
and rhyolite dikes, the exact ages of which are unknown, but 
presumed to be late Oligocene or possibly Miocene (Lindsey and 
Soulliere, 1987). Small dikes and sills of felsite and 
lamprophyre are locally present in the Paleozoic section 
throughout the northern Sangre de Cristo Range.

A concealed stock may be present about two miles south
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of the mine between the mouths of Garner Creek and Hot Springs 
Canyon. Evidence includes a possible contact metamorphic 
aureole of andalusite-biotite-phyllite (Karig, 1964), the 
presence of intrusive dikes in the center of the inferred 
aureole (Nolting, 197 0 ; Lindsey and others, 1985), and the 
presence of an aeromagnetic anomaly similar to the signature 
of the Rito Alto stock (U.S. Geological Survey, 1983).

The horst of the Sangre de Cristo Range rose rapidly 
during the early Miocene with concomitant downdropping of the 
San Luis Valley (Lindsey and others, 1983). Uplift continued 
into the late Miocene and Quaternary time. The majority of 
movement occurred along the Sangre de Cristo normal fault 
zone, which forms the present topographic and structural 
boundary between the Sangre de Cristo Range and the San Luis 
Valley, and is the eastern bounding fault of the Rio Grande 
Rift. Lindsey and others (1984) estimate that vertical 
displacement along the zone may be as much as 2 3,000 feet. 
Erosion of the range contemporaneous with uplift resulted in 
the infilling of the rift graben with up to 1600 feet of 
sediments.

The San Luis Valley near the Orient Mine is divided into 
two structural blocks by the northwest-trending Villa Grove 
fault zone. The latter has apparently been active since early 
rifting as indicated by the wide variation in the amount of 
basin fill on either side of the zone (Lindsey and others,
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1985). The region has been tectonically active in recent 
times as indicated by prominent fault scarps cutting 
Quaternary surficial deposits on both the Villa Grove and 
Sangre de Cristo fault zones (McCalpin, 1982). Numerous hot 
springs are present at the intersection of the two fault zones 
approximately one mile south of the Orient Mine.

Numerous occurrences of base and precious metal 
mineralization are present within the Paleozoic rocks of the 
northern Sangre de Cristo Mountains, but no significant 
production has been realized. The Paleozoic carbonate rocks, 
particularly the Leadville Limestone, exhibit widespread 
subeconomic mineralization in the Orient region. In Steel 
Canyon north of the Orient Mine, replacement mineralization 
of oxidized argentiferous galena and auriferous chalcopyrite 
is reported from the Chaffee Group and the Leadville Limestone 
(Gableman,1953). Lindsey and others (1985) mention the 
occurrence of carbonate-hosted veins carrying gold, silver, 
lead, and copper values in a gangue of fluorite, barite, and 
calcite in the area between Steel Canyon and Lime Canyon. The 
veins are oxidized near the surface with abundant limonite, 
hematite, and minor malachite. Sulfide mineralization hosted 
by Ordovician and Devonian carbonates without associated 
intrusive rocks at Galena Peak is reported by Gableman (1953). 
Bagg (1908), Nolting (1970), and Clark (1982) discuss the 
occurrence of copper mineralization hosted by the Sangre de



T-3605 27

Cristo Formation at the Rita Alta mine, which is located to 
the east of the Rito Alto stock. Samples of limonite-barite- 
chalcopyrite mineralization from the mine appear similar to 
Orient-type mineralization, though host rocks are of differing 
lithologies.

Limonite mineralization hosted by both the Dyer Dolomite 
and the Leadville Limestone was noted near the mouth of Major 
Creek, approximately three miles south of the Orient Mine, 
(Cathro, oral comm., 1989). Two different types of limonite 
mineralization may be present, as suggested by mode of 
occurrence and geochemical signature. Limonite within the 
Dyer Formation exhibits strong structural control and is 
highly anomalous in gold, whereas mineralization hosted by the 
Leadville Formation approximately 0.6 mile west of the Dyer 
occurrence lacks gold values and obvious structural control. 
The Leadville-hosted occurrence is reported to strongly 
resemble Orient-type mineralization.

Prospects hosted by Minturn Formation sandstones near the 
mouth of Hot Springs Canyon exhibit several different types 
of mineralization. Narrow northwest-trending shear zones 
contain chalcopyrite, limonite after chalcopyrite, and quartz. 
A northeast-trending vein with a shallow northwest dip was 
noted with a mineral assemblage identical to that at the 
Orient, consisting of goethite, barite, and minor 
chalcopyrite. Post-mineral faulting has offset mineralization
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of both types. The goethite-barite mineralization appears to 
predate the northwest-trending structural event and associated 
mineralization, with some evidence that the chalcopyrite may 
be post-limonite introduction.

Barite-chalcopyrite-limonite/hematite mineralization 
hosted by Precambrian gneiss and granite was noted in the 
Cotton Creek area, approximately five miles south of the 
Orient Mine (Ellis and others, 1983). Although the locality 
was not visited during the course of this study, the basic 
mineralogy suggests a similarity to the Orient and that 
Orient-type mineralization may be somewhat regionally 
extensive.

Numerous small dikes and sills throughout the range are 
altered to a sericite-chlorite alteration assemblage. The 
rhyolite dikes and intrusive masses that post-date the Rito 
Alto stock are extensively argillized, sericitized, and 
contain disseminated pyrite and chalcopyrite. Pronounced red 
hematite alteration zones are also present within and 
peripheral to the stock that are marked by extensive 
argillization, sericitization, and oxidation of iron to 
hematite (Toulmin, 1953). Hematite is disseminated throughout 
the altered country rock with local concentrations along 
bedding planes and joints. Nolting (1970) also reports 
micaceous alteration of limestones in these areas. 
Molybdenite is locally associated with the altered zones, and
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anomalous Sn-W-Mo values in stream sediment concentrates 
reported by Lindsey and others (1985) at the head of Black 
Canyon probably originated in the altered zones. The Rito 
Alto stock has recently been prospected for porphyry 
molybdenum deposits (Ellis and others, 1983) with unknown
results. The discovery of the San Luis gold deposit within 
the Rio Grande Rift approximately 65 miles south of the Orient 
Mine has recently renewed exploration activity in the Orient 
region.
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ORIENT MINE GEOLOGY 

Stratigraphy
Precambrian to Tertiary rocks outcrop in the immediate 

mine area, the distribution of which is shown on Plate I. 
Lower to middle Paleozoic carbonate and siliciclastic rocks 
are the most abundant at the mine site and are of primary 
importance, as they host mineralization. Within the mine 
workings f rocks of the Ordovician Harding Formation through 
the Pennsylvanian Kerber Formation are well exposed, along 
with hydrothermally altered porphyritic intrusions. No
complete undisturbed stratigraphie section was observed, due 
to both normal and reverse faulting that has repeated and 
deleted portions of the section.

Precambrian Rocks
Precambrian rocks have relatively minor exposures on the 

mine property, but form the basement for the Paleozoic section 
at a relatively shallow level. None of the mine workings 
encountered Precambrian rocks, although it was penetrated by 
drill holes. Quartzofeldspathic gneisses, hornblende gneisses 
to schists, and small granitic intrusions comprise the 
Precambrian rocks of the Orient mine area. Lindsey and 
Soulliere (1987) assign an Early Proterozoic age to the 
Precambrian rocks of the northern Sangre de Cristo Range.
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Manitou Formation
Earliest Paleozoic sedimentation at the Orient Mine site 

is represented by the Ordovician Manitou Formation, a cream- 
colored laminated to thinly laminated dolomite containing 
sparse chert lenses. It is exposed by sporadic outcrops along 
the west side of the prominent quartzite ridge formed by the 
Harding Formation on the northwestern portion of the property, 
but is not present in the mine workings. Stone (1932) 
estimates the thickness of the Manitou Formation to be about 
12 0 feet. The nature of the unconformable lower contact with 
the Precambrian basement is not known due to lack of exposure.

Harding Formation
The prominent hogback ridge located directly north of the 

Fourth level adit is comprised of the Ordovician Harding 
Formation, predominantly a very fine- to coarse-grained 
siliceous quartz arenite or orthoquartzite. Bedding is well 
defined in outcrop, ranges from one to five feet thick, and 
is nearly vertical to locally overturned. The lower contact 
with the Manitou Formation is disconformable and slightly 
irregular with local soft sediment deformation features at the 
basal part of the formation. The Harding Formation is 
approximately 100 to 150 feet thick in the mine area.
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Fremont Formation
The Ordovician Fremont Formation conformably overlies the 

Harding Formation and is comprised of massive gray to dark 
gray, finely crystalline dolomite that locally contains 
silicified rugose and tabulate corals. Scattered outcrops are 
located immediately east of the Harding Formation ridge; it 
is also exposed in both the Black Canyon and the Sixth level 
adits. A nearly complete section is twice repeated in the 
Sixth level adit due to block faulting. The Fremont Formation 
varies in thickness from about 140 to 190 feet, according to 
measurements by Stone (1932).

Chaffee Group
The Chaffee Group in the Orient Mine region includes all 

strata between the underlying Fremont Formation and the 
overlying Leadville Formation. Beaty and others (1989),
following the nomenclature of Tweto and Lovering (1977), 
removed the Gilman Member from the Leadville Formation, 
accorded it formational status, and placed it in the Chaffee 
Group. For the purposes of this study, however, the Gilman 
Member is retained as part of the Leadville Formation as it 
appears to have more characteristics of the latter than the 
Dyer Formation. Significant differences in the lithologie 
character and stratigraphie sequence of this interval at the 
Orient Mine from those described by Samsela ( 1980) and other
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studies in central Colorado (Banks, 1969; Nadeau, 197 2; De
Voto, 1985; Dorward, 1985; Hall, 1987; Beaty and others, 
1989) , make a formational nomenclature designation difficult.

Due to the nonresistant nature of rocks comprising the 
Chaffee Group, outcrops are infrequent and detailed 
descriptions of lithologie character were not obtained. A 
complete section of the Chaffee Group is exposed in the Black 
Canyon adit and the Sixth level adit, where it is structurally 
complicated. The upper portions of the Dyer Formation are 
well exposed in the mine workings on most levels of the mine, 
as it is the immediate footwall to the ore zone.

Parting Formation: A formal distinction of the Parting
Formation has not been made at the Orient Mine by previous 
workers in the area, probably due to lack of surface exposure. 
For this study, based upon underground exposures, the Parting 
Formation is designated to include the siliciclastic-dominated 
lithologies between the underlying Fremont Formation and the 
carbonate-dominated rocks of the overlying Dyer Formation. 
The Parting Formation is predominantly comprised of hard, 
gray, dolomitic quartzose siltstone and thinly bedded white 
to purple, poorly sorted, very fine grained, quartzose 
sandstone. The lower contact of the Parting Formation with 
the underlying Fremont Formation is unconformable, and is 
marked by a basal conglomerate to very coarse-grained
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quartzose sandstone that contains lithoclasts of Fremont 
Dolomite and gray-white crystalline quartz. The upper contact 
with the Dyer Formation is apparently gradational and 
conformable. The Parting Formation is approximately 90 feet 
thick in the Black Canyon level.

Dyer Formation: The Devonian Dyer Formation at the Orient
Mine is comprised predominantly of yellow to gray dolomitic 
limestone to limestone, which contrasts with the dominantly 
dolomitic character of the formation throughout central 
Colorado. Except for the upper 50 to 100 feet of the section, 
the majority of the formation is not well exposed in 
accessible mine workings. The upper portion of the Dyer 
Formation consists of light gray to cream-colored, thinly 
bedded to laminated stromatolitic lime boundstone. Bedding 
is well defined in most mine exposures and is predominantly 
planar, in contrast to the hemispheroidal forms of 
considerable relief reported in outcrop by Samsela (1980). 
Thin laminae of fine-to very fine-grained quartz sand are 
present in the upper Dyer, with both grain size and relative 
abundance increasing up section. Intraformational breccias 
and soft sediment deformation features of stratabound folds 
and slump structures are frequent in the upper portions of the 
Dyer Formation, suggesting that carbonate dissolution occurred 
relatively soon after deposition. Stromatolitic boundstone
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laminae are locally in depositional contact with
intraformational breccias that appear to have served as a 
substrate for the algal masses, suggesting that carbonate 
dissolution and brecciation was in part contemporaneous with 
deposition. The upper Dyer Formation forms a portion of a
distinct stratigraphie sequence that is consistent throughout 
the mine workings and utilized as a marker horizon for mapping 
purposes (Figure 6).

Two well defined quartz arenite beds are present at the 
top of the formation. The upper arenite bed ranges in
thickness from two to four feet, but is consistently about 
three feet in thickness. The lower arenite bed is uniformly
0.5 foot thick. The quartz arenite beds are tan to gray and 
comprised of fine-to coarse-grained, subround to round, well 
sorted quartz grains in a well cemented calcareous matrix. 
Cross-stratification is locally developed. The lower arenite 
bed has a sharp scour base, whereas the upper bed has a sharp 
to gradational lower contact. Cream-colored dolomite mudstone 
containing frequent thin beds and laminae of subrounded fine- 
to medium-grained quartz sand lies between the two arenite

beds, and has frequent intraclast breccias comprised of
angular dolomite mudstone clasts in a gray lime mudstone 
matrix. Ripple marks are locally evident on bedding surfaces. 
Quartz content and mean grain size in the upper carbonate beds 
of the Dyer Formation increase upward toward the quartz
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Figure

Gray lim e s to n e  with thin d iscontinuous  
c h e rt beds.

T h in -b e d d e d  d o lo m ite  mudstone w ith  
in te la m in a te d  lim e  m udstone. 
O c c a s io n a l b rec c ia  m asses o f similar 
lithology to underlying breccia .

In tra fo rm atio na l breccia-, Heterolithic clast 
lithology includes lime mudstone and 
fossiliferous wackstone, dolom ite mudstone, 
and quartz a ren ite . Thin lenticular quartz 
aren ite  beds locally  present.

W hite very finely crystalline limestone with 
locally well developed algal strom atolites.

Gray lime to dolomite mudstone and wackstone 
w ith fine to m edium -grained quartz sand 
laminae.

Fine to  m ed iu m -gra in ed  quartz arenite with 
occasional clasts o f gray lime m udstone.

Thinly bedded arenaceous lim e and dolomite 
mudstone with frequent breccia horizons. 

Fine to m edium -grained quartz arenite.______

Thin bedded arenaceous lime mudstone and 
wavily lam inated stro m ato litic  boundstone.

-5*i

Detailed stratigraphie section of the upper Dyer 
Formation/lower Leadville Formation marker horizon.
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arenite beds. The observed transition is consistent with the 
regressive, shallowing upward sequence noted in the Chaffee 
Group by Samsela (1980) , and it is probable that a major 
unconformity overlies the upper quartz arenite bed. Soft 
sediment deformation features of slumping and folding are 
exhibited by the lower quartz arenite bed.

Based upon descriptions of Stone (1932) in the Black 
Canyon level, the thickness of the Dyer Formation is estimated 
at 225 feet. Samsela (1980) reports a 77 foot thickness for 
the Dyer at an unknown location. It is probable that faulting 
resulted in the abnormally thin section, as a significantly 
greater thickness is present in most mine levels.

Leadville Formation
The Lower Mississippian Leadville Limestone is of 

particular interest at the Orient Mine, as it is the host rock 
for all known limonite deposits. A primary objective of this 
study was to determine what characteristics of the Leadville 
Formation controlled ore emplacement. Detailed examination 
of the internal stratigraphy of the Leadville Limestone 
reveals the formation to be an internally complex unit 
containing several distinct and separate types of 
intraformational breccias, two major unconformities, and 
significant paleokarst dissolution features. Some of these 
features are spatially related to ore occurrences, and a
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detailed description follows in the succeeding section. 
Figures 6 and 7 summarize the stratigraphy of the Leadville 
Formation as documented at the Orient Mine.

Gilman Member: A clear designation of the Gilman Member,
based upon previously established descriptions of the 
Leadville Formation, is not possible at the Orient mine. For 
the purpose of this study, the Gilman interval is included as 
a member of the Leadville Formation and includes all strata 
lying between the uppermost quartz arenite bed of the Dyer 
Formation and the lime mudstone lithologies of the overlying 
Red Cliff Member (Figure 6).

The lowest portion of the Gilman Member consists of a 
five foot thick bed of gray lime to dolomite mudstone and 
wackestone containing discontinuous sandstone laminae. This 
is overlain by a light gray to white very finely crystalline 
limestone varying in thickness from 0.3 to 1.0 feet. The 
upper bedding surface has a distinct knobby appearance 
imparted by well formed hemispheroidal algal stromatolites 
(Figure 8). This bed is laterally persistent throughout the 
mine workings, although the algal heads are only locally 
preserved due to scouring associated with deposition of the 
overlying units. Fine- to very fine-grained quartzose 
sandstone locally infills depressions between algal heads.

The algal horizon is overlain by a well developed
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MOLAS
FORMATIO

Dark g ra y  to b la c k  im m atu re  q u artzo s e  
sandstone, a rg illa c e o u s  si It stone, and 
p y r it ic , heav ily  carbonaceous shale.

Thin, discontinuous, brown paleosol horizon.

Gray to dark  g ra y  lim e  mudstone to wackstone 
with occasional chert nodules; upper 3 0 - 4 0 '  
com prised o f do lom ite  mudstone.

Tan dolom ite mud m atrix  breccia; lim e and

dolom ite m udstone  clasts.____________________
Gray lim e mud m atrix  breccia and s tro m a to lit ic  

boundstone; c last lithology lim e mudstone, 
fossiliferous lim e wackstone to packstone  
and s tro m a to litic  boundstone. Occasional 
s an d s to n e -fille d  paleocaverns.

Gray, c liff-fo rm in g  lim e m udstone, wackstone and  
s trom ato litic  boundstone with discontinous chert 
beds; chert breccias and s an d s to n e -fille d  
paleocaverns locally present. 40-,

1 - r J
^ ^

Figure 7. Composite stratigraphie section of the Red Cliff 
and Castle Butte Members of the Leadville Formation 
showing relative position of intraformational 
breccia types and dissolution features.
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Figure 8. Well developed algal stromatolites on upper bedding 
surface of white lime mudstone to boundstone, lower 
Gilman Member. The one-foot thick bed is 
persistent throughout the mine workings.
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stratabound and stratiform intraformational breccia
approximately 15 to 20 feet thick. The breccia is 
predominantly matrix supported and is well stratified (Figure 
9) . Lower portions of the breccia are thinly laminated to 
laminated, with stratification conformable to the contact with 
the algal horizon. Laminae are frequently deformed around 
clasts. Clast lithology is heterolithic, consisting of dark 
gray lime mudstone and fossiliferous lime wackestone with 
indistinct brachiopod or gastropod fragments, tan to gray very 
finely crystalline dolomite mudstone, tan to cream mottled 
extremely finely crystalline silty dolomite mudstone, and tan 
to buff quartz arenite. The quartz arenite clasts in thin 
section are comprised of well sorted quartz grains in a 
dolomite mud matrix. Two distinct size fractions are present, 
a medium-grained rounded to well rounded fraction and a 
subangular, very fine-grained fraction. Degree of rounding 
increases with grain size. All quartz grains exhibit highly 
undulose extinction under crossed polars, indicative of 
strained quartz from a metamorphic source provenance. 
Limestone clasts in the Gilman Member breccia are angular, 
whereas dolomite and quartz arenite clasts have irregular, 
somewhat rounded, boundaries suggesting partial lithification 
at the time of deposition.

Breccia matrix material is comprised of dolomite mud with 
abundant quartz grains. The quartz grains exhibit two
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Figure 9. Typical intraformational breccia of the Gilman 
Member containing clasts of lime mudstone to 
wackestone, dolomite mudstone, and quartz arenite. 
Breccia directly overlies the stromatolite bed 
shown in Figure 8.
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dominant size fractions similar to the quartz arenite clasts, 
a rounded to well rounded medium grained component and a 
subangular to subrounded, very fine to fine-grained fraction. 
It is probable that the matrix sand is reworked from 
disaggregated quartz arenite bodies represented by the quartz 
arenite clasts. The lithology of the quartz arenite clasts 
and the nature of sand fraction strongly resemble that of the 
upper Dyer Formation quartz arenite beds. Lenticular, 
discontinuous quartz arenite beds of similar lithology to both 
the quartz arenite clasts and the Dyer Formation arenite beds 
are locally interstratified with the upper portions of the 
breccia horizon.

The intraformational breccia is overlain by four to six 
feet of tan to gray thinly bedded dolomite mudstone. Beds of 
inter laminated tan dolomite mudstone and gray to dark gray 
lime mudstone with occasional low-angle cross-stratifications 
are locally present. The stratified dolomite mudstones 
locally grade along strike into intraformational breccias that 
are lithologically identical to those below. At some 
locations in the mine area, the intraformational breccia at 
this stratigraphie horizon is not well developed. Instead, 
the dominant lithology consists of a thickly bedded tan to 
cream-colored dolomite mudstone that contains discontinuous 
laminae of fine to medium-grained subround to round quartz 
grains. Clasts of gray lime mudstone are infrequent to rare.
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Stratification at these localities is locally chaotic and 
disconformable with regional bedding attitudes.

The internal stratigraphy of the Gilman Member breccia 
unit, as reflected by these variations in lithologie 
characteristics, is complex with abrupt facies variation. 
Further complicating the stratigraphy at this horizon is 
evidence that erosion and dissolution features that are post- 
Dyer, pre-Gilman in age are infilled with the Gilman-type 
breccias. At one exposure in the Prospector Pit, the quartz 
arenite beds of the upper Dyer Formation are in contact with 
a breccia mass containing large clasts of quartz arenite, 
presumably derived from the adjoining quartz arenite beds. 
This breccia body extends below the top of the Dyer Formation 
(Figure 10) . The tan to cream-colored arenaceous dolomite 
mudstone with infrequent limestone clasts appears to overlie 
the Gilman-type breccia. The infilling breccia unit is 
extremely complex internally, with exact relationships between 
breccia types unknown. Chaotic stratigraphy of this nature 
underlies at least two ore bodies and may indirectly have 
influenced ore localization by providing a favorable locale 
for later dissolution activity. The upper contact of the 
Gilman Member is not well exposed but appears to be relatively 
planar and conformable with the Red Cliff Member.

The Gilman Member is rarely exposed in outcrop. Total 
thickness of the member, based upon underground exposures, is
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2 0 to 30 feet. Thicker intervals are suggested where 
paleoerosion into the Dyer Formation and subsequent infilling 
has occurred.

Red Cliff Member: The Red Cliff Member of the Leadville
Formation is comprised of gray, thinly bedded lime mudstone, 
wackestone, and stromatolitic boundstone. It is a prominent 
outcrop former, appearing thickly bedded to massive. A 
conspicuous and characteristic feature of the Red Cliff Member 
is the presence of thin discontinuous planar chert beds 
exposed in prominent relief in outcrop. Chert bedding is 
conformable to regional bedding attitudes. Textural details 
are not well exposed in outcrop and are completely obscured 
underground, with the exception of breccia textures. The 
member consists exclusively of limestone with no dolomite 
lithologies.

The upper surface of the Red Cliff is marked by a 
stratabound breccia horizon having a sharp basal scour contact 
of considerable relief. This breccia horizon is believed to 
represent a major intraformational unconformity and is taken 
as the contact between the Red Cliff and Castle Butte Members, 
consistent with nomenclature applied by Beaty and others 
(1989). A detailed discussion of the breccia and the 
unconformity follows in a succeeding section. The Red Cliff 
Member ranges in thickness from approximately 4 5 feet to more
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than 110 feet, believed to be due largely to post-Red Cliff, 
pre-Castle Butte erosion and dissolution. The thinnest 
portions of the Red Cliff Member appear to correspond with the 
location of ore bodies.

Castle Butte Member: The Castle Butte Member includes all
strata between the upper erosional surface of the Red Cliff 
Member and the overlying Pennsylvanian Molas and Kerber 
Formations. The detailed stratigraphy of the Castle Butte 
Member is not well known due to limited exposure on the 
surface and underground. Outcrops of the Castle Butte Member 
are sporadic and discontinuous, in contrast to those of the 
Red Cliff Member. The basal Castle Butte Member consists of 
a well developed, stratabound, intraformational breccia that 
ranges in thickness from approximately 10 feet to more than 
50 feet. Stromatolitic boundstone with well developed, 
laterally linked hemispheroidal algal structures is frequently 
interstratified with the breccia. The lower five feet of the 
breccia unit are predominantly comprised of thinly interbedded 
to interlaminated lime mudstone and arenaceous dolomite 
wackestone to grainstone, interstratified with intraclast 
breccia zones and lenticular channels. Gray to dark gray lime 
mudstones to wackestones overly the breccia horizon. Chert 
is much less abundant in comparison to the Red Cliff Member 
and occurs as irregular nodular masses rather than
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discontinuous beds. The upper 30 to 40 feet of the Castle 
Butte Member consist of buff to light gray, very finely 
crystalline dolomite mudstone. The Castle Butte Member 
locally appears to consist entirely of an intraformational 
breccia, consisting of dolomite mudstone and lime mudstone
clasts in an arenaceous dolomite mud matrix.

The upper contact of the Castle Butte Member is marked 
by an erosional surface of considerable relief that reflects
a paleokarst topography that was incised into the Leadville
Formation prior to the deposition of the overlying 
Pennsylvanian Kerber Formation. Exposures present in the #1 
East cross-cut on the Fifth level (Plate II) illustrate well 
the paleotopography of the karst erosion surface (Figure 11). 
A minimum relief of 15 feet on the erosional surface is 
suggested from the rib sketch; however, the nature of the 
Leadville Formation contact in plan view suggests that over 
40 feet of relief is locally present on the paleokarst 
surface. The Leadville/Kerber Formation contact is nearly 
normal to regional bedding attitudes in these areas due to the 
irregularity of the paleokarst surface.

The thickness of the Castle Butte Member is extremely 
variable, due to the combined effects of irregularity of the 
lower unconformable contact with the Red Cliff Member and 
erosion associated with subaerial exposure of the upper 
surface. Thickness estimates based upon map exposures and
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cross-sections of the underground workings suggest a range of 
approximately 70 to 135 feet, believed to be largely a result 
of erosion accompanying extensive subaerial exposure prior to 
deposition of the overlying Pennsylvanian Kerber Formation. 
Areas of considerably thinner Castle Butte are suggested by 
the amount of relief on the paleokarst surface, but thickness 
estimates are precluded by faulting in these areas.

Stone (1932; 1934) reports a thickness variation in the 
Leadville Formation of 80 to 300 feet, including both the Red 
Cliff and Castle Butte Members. The maximum Leadville 
Formation thickness determined in this study was 250 feet. 
The maximum thickness reported by Stone (193 2; 1934) is not 
accurate, as a bedding plane thrust fault has repeated the 
section where the thickest portions of the formation were 
indicated. The two prominent limestone ledges south of the 
Third level open stope do not reflect a normal Red 
Cliff/Castle Butte succession, but rather a thrust-repeated 
section of the Red Cliff Member.

Molas Formation
A discontinuous, thin, brown, limonitic, clay-rich 

horizon locally overlies the paleokarst surface on top of the 
Leadville Formation (Figure 12). The horizon is seldom more 
than two feet thick, except in low areas on the paleokarst 
surface, where it may be as much as twelve feet thick. The
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Figure 12. Clay-rich paleosol of the Molas Formation 
overlying the Leadville Formation. White bands 
at the base of the Molas are composed of 
halloysite. Sandstone and siltstone of the Kerber 
Formation are in scour contact with the underlying 
Molas Formation.
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clay horizon is conformable with the upper surface of the 
Leadville Formation and is gradational with it. Leadville 
Formation dolomite becomes increasingly more weathered toward 
the clay-rich horizon (Figure 13). Chert clasts are locally 
present at the weathered limestone/clay horizon contact. This 
clay-rich horizon is interpreted as a paleosol that developed 
on top of the Leadville Formation as a result of subaerial 
exposure, and is correlated with the Molas Formation, based 
on mode of occurrence and stratigraphie position. 
Discontinuous thin bands of a white clay are present within 
the paleosol conformable to the Molas/Leadville Formation 
contact. X-ray diffraction studies identified the mineral as 
halloysite. Power (1969) mentions kaolinite-rich regoliths 
of the Molas Formation in central Colorado as representative 
of a subhumid climate having a leaching potential sufficient 
to convert illite-montmorilIonite group-clays to kaolinite.

Kerber Formation
The Pennsylvanian Kerber Formation is well exposed in 

underground workings, but is poorly exposed to covered on the 
surface. It directly overlies the paleokarst erosion surface 
incised into the Leadville Formation and locally scours into 
the Molas Formation paleosol (Figure 12). The Kerber 
Formation consists predominantly of dark gray, lenticular, 
immature, medium- to very coarse-grained quartzose sandstone,
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Figure 13. Close-up view of the gradational contact between 
the Castle Butte Member and the Molas Formation 
paleosol. White veinlets are comprised of 
ankerite.
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argillaceous siltstone, and black heavily carbonaceous to 
graphitic, pyritic shale. Bedding is commonly disturbed and 
contorted with soft sediment deformation features, largely a 
result of deposition on, and compaction associated with, the 
extremely irregular tower karst topography at the top of the 
Leadville Formation. Well rounded, blackened chert pebbles 
are common within the shales and siltstones. Locally, the 
Kerber Formation consists of a chert-pebble conglomerate, 
which infills a paleotopographic low between Leadville 
Formation paleokarst towers (Figure 11) . The presence of 
detrital chert pebbles is believed to reflect extensive 
dissolution of the Leadville Formation during subaerial 
exposure prior to deposition of the Pennsylvanian strata.

Approximately 15 to 25 feet above the Leadville 
Formation, the Kerber Formation consists of black, pyritic, 
heavily carbonaceous to graphitic shale. The shale is 
commonly highly deformed with abundant slickensides and 
distorted bedding. The shale is highly friable and sooty, due 
to an extremely high carbon content. Pyrite is particularly 
abundant within the carbonaceous horizon at the Black Canyon 
and Second levels, occurring as nodules up to one-half inch 
in diameter and in laminae up to three-eights inch thick. The 
pyrite is believed to be diagenetic, as no cross-cutting veins 
or evidence of epigenetic mineralization is present. All 
pyrite is fresh and unoxidized, even when in close proximity
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to oxide mineralization in the underlying Leadville Formation. 
The abundance of carbon and pyrite suggests deposition under 
extremely reduced conditions, perhaps in stagnant reduced 
pools formed in low areas on the upper Leadville Formation 
karst topography.

The carbonaceous and pyritic nature of the Kerber 
Formation gives a strong geophysical response, as documented 
by Mathews (1977). Concealed structure north and east of the 
mine area is well defined by the configuration of extreme 
negative self-potential anomalies, making it very useful to 
define structure and stratigraphy in the region.

Pétrographie examination of Kerber Formation lithologies 
was undertaken to compare the characteristics of the detrital 
fraction with those of the sediment infilling paleocavern 
features in the underlying Leadville Formation. Sandstones 
are comprised of medium- to very coarse-grained, poorly 
sorted, angular to subangular quartz grains and metaquartzite 
lithic fragments within a clay matrix. Quartz grains are 
frequently highly strained with most exhibiting undulatory 
extinction under crossed polars. The finer-grained siltstone 
and shale strata are arenaceous with angular to subangular 
very fine-grained quartz. All detrital grains consist of 
quartz or metaquartzite, without observable feldspar. The 
paucity of feldspar grains in an immature sediment derived 
from a probable feldspar-rich source area of Precambrian
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metamorphic and igneous rocks is best explained by the 
climatic conditions prevailing during early Pennsylvanian 
time. Humid, tropical weathering conditions probably allowed 
for rapid conversion of feldspar grains to clay, leaving the 
relatively insoluble quartz grains.

As previously mentioned, the contact between the 
Leadville and the Kerber Formations is unconformable. In plan 
view (Plate II) , the Kerber/Leadville contact in #1 East 
trends nearly normal to the regional strike as a result of the 
paleokarst topography. The entire thickness of the Kerber 
Formation is not known, as mine workings were stopped in the 
heavily carbonaceous strata. Drill hole intercepts suggest 
a minimum thickness of 230 feet.

Sharpsdale Formation
The Pennsylvanian Sharpsdale Formation conformably 

overlies the Kerber Formation, but is not exposed in the mine 
workings or outcrops in the immediate mine area. A deep core 
hole drilled east of the mine workings encountered over 1000 
feet of fault-repeated Kerber Formation in the normal 
stratigraphie position of the Sharpsdale Formation.

Intrusive Rocks
Intrusive rocks at the Orient mine consist entirely of 

altered porphyry sills that form small discontinuous outcrops
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on the surface, but are well exposed in the underground 
workings. The porphyry has a distinct spotted appearance 
produced by white altered euhedral to subhedral relict 
feldspar phenocrysts in an aphanitic matrix. The porphyry 
occurs as relatively thin (10-30 feet) sill-like bodies that 
are largely conformable to bedding, but locally cross-cut 
stratigraphy. All of the pre-Pennsylvanian rocks at the 
Orient have been intruded by the porphyry, although it is a 
minor constituent of the overall rock package. The uppermost 
Dyer Formation appears to have been a particularly 
susceptible horizon for intrusion, as most porphyry sills are 
located near the Dyer/Leadville contact. No fresh porphyry 
was observed; every surface or underground exposure is 
argillized and/or sericitized to varying degrees.

Surface exposures distant from mineralization are the 
least altered, are greenish-gray in color, and have competent 
lithologies. At most underground exposures, particularly at 
the north end of the Fifth level workings (Plate II) , the 
porphyry is light green to white, highly altered, friable, and 
incompetent. In close proximity to limonite mineralization, 
the porphyry is bleached white and extremely altered. 
Contacts with the host rocks are sharp with no visible thermal 
metamorphic effects, either in outcrop or in thin section 
(Figure 14). A well developed pilotaxitic texture is 
exhibited by phenocrysts immediately adjacent to porphyry/wall
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Figure 14. Contact between typical argillized porphyry and 
the Fremont Formation, Black Canyon Level. White 
areas are relict feldspar phenocrysts.
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rock contacts. Breccia textures are exhibited by the 
porphyries, both as brecciated porphyry and porphyry breccia 
containing clasts of host rock lithologies. Strongly altered 
porphyry is present as angular clasts in a coarsely 
crystalline ankerite matrix on the Second level (Figure 15) . 
Highly altered porphyry on the Fifth level contains 
unmetamorphosed clasts of Dyer Formation limestone and 
limonite mineralization, suggesting that at least some of the 
porphyry is post-limonite (Figure 16). As this contradicts 
the majority of porphyry/mineralization relationships, it is 
possible that the breccia textures may be partially structural 
in origin. Most porphyry masses are heavily veined and seamed 
with limonitic carbonate.

Pétrographie examination of porphyry samples from the 
upper levels of the mine and a deep drill hole intercept east 
of the mine suggest that the porphyry intrusions are similar 
in composition, regardless of location within the mine area. 
All have been affected by alteration to varying degrees, which 
has complicated determination of the original lithology. 
Pétrographie descriptions are largely of alteration features. 
Textures are porphyritic-aphanitic with white to greenish- 
white medium-grained (1-3 mm) euhedral to subhedral relict 
feldspar phenocrysts in a very fine-grained to 
cryptocrystalline altered groundmass of unidentifiable 
composition. Due to the altered nature of the phenocrysts,



Figure 15. Brecciated porphyry consisting of strongly 
argillized porphyry clasts in a limonitic 
carbonate matrix.
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Figure 16. Contact between strongly argillized porphyry 
breccia and limonitic upper Dyer Formation. 
Clasts in porphyry include unmetamorphosed Dyer 
Formation limestone, chert, and limonite 
mineralization. Limonitic alteration of the Dyer 
Formation rapidly decreases away from the contact. 
From north end of the Fifth Level drift.
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feldspar identification is based upon crystal form and rare 
relict albite twinning textures. Dominant feldspar type is 
inferred to be plagioclase. Ghost textures of zoned 
phenocrysts are exhibited by variations in alteration mineral 
grain size and composition. Euhedral to subhedral biotite and 
sphene are ubiquitous, constituting 3-5% volume percent of the 
rock. Hornblende is present as an accessory mineral, but is 
difficult to recognize due to the degree of alteration. 
Quartz is rare to absent. Zircon and apatite are present as 
trace constituents.

Feldspar phenocrysts are completely replaced by sericite 
and/or clay. A deep drill hole porphyry intercept 600 feet 
below the level of the mine workings contains completely 
sericitized feldspar phenocrysts, whereas those from porphyry 
intrusions within the mine workings, and hence in close 
proximity to mineralization, have clay minerals dominant over 
sericite. Argillic alteration appears to post-date the 
sericitic alteration. X-ray diffraction analyses of highly 
altered porphyry samples from both the Third and Fifth levels 
indicate kaolinite is the dominant clay mineral. Late calcite 
is present in feldspar phenocryst sites as an overprint on 
earlier sericite/clay alteration in the most altered 
porphyries. Biotite and possibly hornblende phenocrysts are 
completely replaced by chlorite, variety pennine, with heavy 
leucoxene alteration of exsolved secondary sphene, indicating
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titaniferous biotite. Sphene phenocrysts are partially to 
completely altered to leucoxene.

The groundmass of less-altered porphyry samples is a very 
fine-grained aggregate of sericite, clay, and silica. 
Groundmass silicification is present in highly altered 
porphyry samples, and contains abundant disseminated clay. 
In extreme cases of alteration, the porphyry consists entirely 
of kaolinite. Moderately altered porphyry from the deep drill 
hole intercept contains 2-3% disseminated pyrite. Porphyry 
samples from within the mine contain approximately the same 
volume percentage of pseudomorphic limonite after pyrite.

The alteration sequence affecting the porphyry sills 
appears to have been sericitization followed by an 
argillization/weak silicification event, with late calcite as 
an overprint on the preceding stages. The porphyry is 
difficult to classify with any degree of certainty due to the 
strong alteration effects, but the lack of quartz phenocryts, 
the inference of plagioclase as the dominant feldspar phase, 
and the relatively high percentage of titaniferous biotite and 
sphene suggest the rock was originally an andésite porphyry. 
With the exception of the lack of quartz, the porphyry 
intrusions appear to be compositionally similar to the 
tonalité (or quartz diorite) of the Rito Alto stock, based 
upon the pétrographie work of Toulmin (1953).
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Structure
The Orient deposit is situated in a structurally complex 

area characterized by bedding plane thrust faults, high-angle 
normal faults, and high-angle reverse faults. However, the 
Leadville Formation, while hosting all the mineralization, 
appears the least deformed within the immediate mine area. 
Surface and underground mapping has delineated previously 
unrecognized structures, but failed to resolve the nature of 
the more complexly deformed areas. All surface diamond drill 
holes located in the mine area encountered abnormal 
stratigraphie sections below the Leadville Formation, 
including fault repetitions, deletions, and displaced
stratigraphy.

The Orient deposit is located on the west limb of the 
Orient syncline, an asymmetric southerly plunging fold that 
is defined primarily by the surface trace of the Leadville 
Formation (Plate I) . The Leadville Formation on the west limb 
of the syncline is continuous, with the exception of minor 
fault offset, from south of the Flag Pit to the Black Canyon 
Pit. The east limb of the syncline is structurally complex 
with repetition of the Leadville section six times through 
high-angle reverse faulting and folding. The Leadville
Formation dips to the east in the area encompassed by the mine 
workings, ranging from approximately 7 5° at the Black Canyon 
level to less than 2 0° near the Flag Pit.
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The mine is located directly east of the Rio Grande Rift, 
the eastern bounding fault of which is located near the portal 
of the Sixth level. Drill hole #17, a southwest-oriented 
angle hole located south of the Flag workings, penetrated from 
the Paleozoic section into the unconsolidated basin-fill 
sediments of the rift graben. Moderate to high angle 
northwest-trending normal faults are frequent at the mine, and 
increase in number as the rift margin is approached. Both the 
Flag Pit and the most western portions of the Fifth and Sixth 
level workings are dominated by high-angle northwest-striking 
rift-parallel structures, probably reflecting antithetic and 
sympathetic faulting associated with the Sangre de Cristo 
fault. Most are of small displacement, but some faults have 
over 100 feet of dip slip movement based on reconstructed 
cross-sections. A major normal fault is inferred to exist 
directly west of the Flag Pit, as the Leadville Formation is 
repeated and dips westward toward the Rio Grande Rift, whereas 
east of the projected fault, the Leadville Formation dips 
toward the east. The only major offset of the Leadville 
Formation noted from surface mapping occurs between the 
Prospector Pit and the Third level open stope. The fault is 
well exposed underground where it has offset some ore bodies.

Detailed underground mapping on the Fifth level in the 
vicinity of the #2, #3 and #4 East crosscuts revealed a
previously unrecognized repeated section of the Leadville and
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Upper Dyer Formations, well defined by the stratigraphie 
marker beds of the upper Dyer Formation/Gilman Member 
interval. The zone of discontinuity is only recognizable 
through detailed mapping, as it appears to be a bedding plane 
thrust-fault. The nature of the fault varies dramatically 
between exposures. In the main Fifth level drift the fault 
contact is sharp and of knife-edge thickness, superimposing 
the lower portions of the Gilman Member against Upper Dyer 
Formation (Figure 17) . Bedding in the Dyer is deformed in 
both the hanging wall and footwall of the fault with local 
vertical to overturned bedding. At the north end of the #2 
East crosscut, the fault zone is approximately twelve feet 
wide and is comprised of highly deformed upper Dyer Formation 
quartz arenite beds between a footwall of the Red Cliff Member 
and a hanging wall of Dyer Formation (Plate III). The thrust 
fault apparently forms the hanging wall of the #3 east stope, 
as Gilman Member intraformational breccias and Dyer Formation 
quartz arenites are present on the east wall of the stope, 
underlain by mineralized Red Cliff limestone. The fault was 
also identified in mine levels located 150 to 200 feet above 
the Fifth level. At a location on the higher levels, the 
fault is a zone of intensely fractured rock occurring between 
a Leadville Formation footwall and a Dyer Formation hanging 
wall. Recognition of the thrust fault and repeated section 
explains inconsistencies in the early geologic maps of Stone
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Figure 17. Bedding plane thrust fault contact between light 
gray Gilman Member algal boundstone bed (footwall) 
and weakly limonitic Dyer Formation (hanging 
wall). Major displacement has occurred along the 
fault, located at the pencil position. Photograph 
taken at the west wall of the Fifth Level drift 
north of the #3 East crosscut.
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(1932) . Projecting the fault to the surface from the 
underground data modified initial interpretations of the true 
thickness of the Leadville. The thrust fault projects to the 
surface where two prominent Leadville Formation ridges occur, 
south of the Third level open stope. Geophysical evidence 
suggests that the fault trends into the Kerber Formation east 
of the Second level and offsets the axial plane of the Orient 
syncline near the hinge east of the Black Canyon open pit. 
Additional bedding plane thrust faults of major displacement 
are suggested from relationships on the old geologic maps of 
the now inaccessible Sixth level (Stone, 1932). A wedge of 
black graphitic shale, probably Kerber Formation, is present 
between a Fremont Formation footwall and a Dyer Formation 
hanging wall, with anomalous low-angle contacts. Drill hole 
#19, located approximately 1300 feet east of the Third level 
open stope, encountered two complete sections of Leadville 
Formation, one of which was twice normal thickness.

Additional thrust-related structural complications are 
suggested by areas of complex surface geology near the Fourth 
level dump and the English Pit. The prominent ridge formed 
by the Harding Formation at the north part of the mine has 
vertical to overturned bedding, whereas the Leadville 
Formation directly to the east exhibits moderate (55-65°) 
easterly dips. The south end of the Harding Formation ridge 
abruptly terminates in a structurally complex area having
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numerous fault offsets of the Precambrian rocks, altered 
porphyry, and the Manitou and Harding Formations. Outcrops 
of Harding Formation at the toe of the Fourth level dump have 
divergent strike attitudes with gentle easterly dips, in 
contrast to the high-angle dips of the Harding Formation 
ridge. Bedrock geology in the English Pit area is highly 
anomalous with respect to the regional structural 
configuration. An isolated block of Leadville Formation 
occurs stratigraphically and topographically below the main 
Leadville Formation outcrop. The underlying Dyer Formation 
exhibits westerly to southerly dips in contrast to the 
regional eastward-dipping strata. The geology of the Sixth 
level adit, located 200 to 300 feet below the English Pit, is 
radically different from the surface geology, with no 
projections possible between the two in cross-section.

The varying structural styles exhibit differing 
relationships to mineralization, with both syn- and post
mineralization features observed. Discussion of these 
relationships follows at the end of the mineralization 
section.
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DISSOLUTION FEATURES OF THE LEADVILLE FORMATION

A primary objective of this study was to determine what 
characteristics of the Leadville Formation guided and favored 
ore emplacement. As mentioned in the preceding section, the 
internal stratigraphy of the Leadville Formation is complex, 
containing several distinct types of intraformational 
breccias, sandstone-filled paleocaverns, a major 
intraformational unconformity, and a well developed paleokarst 
topography at the top of the formation. As these features 
exhibit either a strong spatial relationship to ore occurrence 
or are mineralized, a detailed description and discussion is 
presented. This section deals with dissolution features of 
the Red Cliff and Castle Butte Members, as Gilman Member 
breccias are rarely mineralized and have been previously 
discussed.

Intraformational Breccias
Intraformational breccias are well developed within the 

Leadville Formation at the Orient Mine, occurring both as 
isolated masses and as stratabound, stratiform horizons. 
Several distinct types are recognized, each with distinct 
lithology, morphology, and probable mechanism of formation.
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Lime Mud Matrix Breccias
A prominent, laterally persistent stratabound breccia 

horizon occurs near the middle of the Leadville Formation, the 
basal contact of which is located approximately 4 5 to 90 feet 
above the uppermost quartz arenite bed of the Dyer Formation. 
The breccia is traceable in outcrop continuously along strike 
from the Prospector workings at the southern end of the mine 
to near the Third level open stope. Sporadic outcrops to the 
north suggest lateral continuity through the Black Canyon open 
pit. The breccia horizon is well exposed underground, 
particularly in the Gilligan workings, #2 East crosscut and
#3 East crosscut (Plate II).

The breccia is comprised of gray to light gray to white 
limestone clasts of varied lithology in a dark gray lime mud 
matrix (Figure 18) . Clasts consist of light gray to white 
very finely crystalline lime mudstone, light gray 
fossiliferous, calcispheric lime wackestone to packstone 
containing fragments of brachiopods, molluscs, echinoderms and 
possible bryozoa colonies, light gray-white hemispheroidal 
stromatolitic boundstone, and occasional dark gray chert. 
Also locally present are clasts of dark gray, medium 
crystalline limestone having a neomorphic texture that 
consists of a granular mosaic of interlocking calcite grains. 
The calcite mosaic exhibits ghost textures of euhedral to 
subhedral, medium to coarsely crystalline, zoned dolomite
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Figure 18. Lime mud matrix breccia exposed in the #3 East 
crosscut, Fifth Level. Breccia is comprised of 
heterolithic limestone lithologies within a lime 
mudstone matrix. Light gray and white clasts are 
recrystallized algal boundstone.



T-3605 73

rhombohedrons, indicating dolomitization and dedolomitization 
prior to brecciation.

Breccia matrix consists of gray to dark gray, fine- to 
very fine-grained recrystallized lime mudstone, packstone, and 
grainstone. Grains within the matrix have the same biotic 
constituents of the clasts and include abundant algal material 
and/or pelletoidal ooids, calcispheres and calcified subhedral 
to euhedral rhombohedral zoned dolomite grains containing 
nuclei of algal material. The matrix also contains very fine- 
to fine-grained angular to subangular detrital quartz sand. 
Small pods of very fine- to fine-grained, well sorted, angular 
quartz sandstone with a lime mud matrix and calcite cement are 
locally present within the breccia as matrix filling, but is 
greatly subordinate to the lime mud fraction.

The lime mud matrix breccias are clast-supported, 
containing up to seventy-five percent clasts by volume. 
Overclose packing is indicated by the high percentage of 
clasts, the presence of styolitic contacts between clasts, and 
interpenetrating clasts, which suggests pressure dissolution 
of both matrix and clast material. Clasts are subangular to 
subrounded, with degree of angularity dependent upon 
lithology. Clasts range in size from less than one-fourth 
inch to approximately six inches. The majority of the lime 
mud matrix breccias are unstratified and poorly sorted, 
although a well stratified, thinly bedded intraclast zone is
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locally present near the base of the unit. Matrix material 
in thin section exhibits vague stratification.

In outcrop, the lime mud matrix breccia horizon ranges 
from approximately 10 to 20 feet in thickness. In the
vicinity of mineralization, a greater thickness is suggested 
but is difficult to ascertain, as the lower contact is 
commonly obscured by mineralization and the upper contact is 
masked by deposition of a later intraformational breccia that 
is superimposed in part on the lime mud matrix breccia.
Underground, in the vicinity of mineralization in the Gilligan 
workings and in the #2 East crosscut, the unit is a minimum 
of 4 5 to 50 feet thick (Plate II). The basal contact exposed 
on the surface is relatively sharp and generally conformable 
to bedding; however, locally 10 to 15 feet of scour relief is 
present. Greater relief is suggested in the vicinity of the 
limonite ore bodies, where at the peripheries the basal 
contact of the lime mud matrix breccia scours down into the
underlying lithologies. The lime mud matrix breccias are
partially preserved on the stratigraphically higher parts of 
stope walls. The upper contact is rarely observed, either 
covered or due to obliteration by a later superimposed 
intraformational breccia. The breccia horizon directly 
overlies massive cliff-forming gray lime mudstone of the Red 
Cliff Member. From map relationships, it appears that the 
lime mud matrix breccia is directly overlain by massive
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limestones of the Castle Butte Member.
The lime mud matrix breccia exhibits a close spatial 

relationship with laterally linked hemispheroidal algal 
stromatolites. Algally laminated, light gray-white lime 
boundstone is a frequent clast constituent within the lime 
mud matrix breccia and is locally present exclusive of other 
clast lithologies. In-situ, unbrecciated, well formed 
stromatolites are commonly observed within the breccia unit 
that grade laterally into lime mud matrix breccias with a 
clast lithology that is exclusively algal boundstone (Figure 
19). Algally derived clasts can be recognized at every 
occurrence of the lime mud matrix breccia. The stratigraphy 
of the breccia unit is complex; further definition is 
precluded by limited degree of exposure and scope of this 
study.

Dolomite Mud Matrix Breccias
Dolomite mud matrix breccias are characterized by the 

presence of dolomite mudstone clasts in a tan to cream to 
cream-gray dolomite mud matrix having a significant percentage 
of detrital quartz grains (Figure 20) . Clast lithologies 
consist of angular to subangular dark gray and gray finely 
crystalline lime mudstone to pellitoidal wackestone, 
subangular to subround light gray, cream-white and tan 
dolomite mudstone, infrequent chert, and rare light gray



T-3605 76

Figure 19. Laterally linked hemispheroidal algal 
stromatolites (right center) with interstratified 
lime mud matrix breccia containing abundant 
stromatolitic boundstone clasts. From outcrop of 
stratabound lime mud matrix breccia horizon 
located between the Prospector Pit and the Third 
Level open stope.
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Figure 20. Outcrop of typical dolomite mud matrix breccia.
Light clasts are dolomite mudstone ; gray to dark 
gray clasts are comprised of lime mudstone to 
wackestone. Breccia stratigraphically overlies 
breccia shown in Figure 19.
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subround to rounded algal boundstone. Clast size range from 
one-fourth inch to approximately four inches, with occasional 
cobble-sized clasts up to ten inches. Lime mudstone clasts 
in thin section have partial to complete thin rims of 
chalcedonic and authigenic quartz.

The breccia matrix consists of tan to gray-tan dolomite 
mudstone containing dispersed very fine- to fine-grained 
subangular detrital quartz and silt. The breccia is 
predominantly matrix-supported although occasional clast- 
supported areas are present. Clast percentage is highly 
variable from breccias that are clast-supported to dolomite 
mudstone with rare clasts. The unit is well stratified 
locally, defined by clast-rich and clast-deficient areas, 
imbricate clasts, and discontinuous dolomite mudstone beds. 
Stratification within the breccia is conformable to the basal 
contact. Vague soft-sediment deformation and draping of 
bedding over irregularities in the substrate is locally 
observed. Sorting is well defined in stratified areas.

The dolomite mud matrix breccia exhibits irregular 
distribution within the Leadville Formation, both laterally 
and vertically. The dolomite mud matrix breccia is largely 
nonresistant and does not form good outcrops. Covered 
intervals within the Leadville Formation are probably 
underlain by these breccias. Dolomite mud matrix breccias are 
locally stratabound, preferentially occurring at the lime mud
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matrix breccia horizon. Breccia masses also crosscut the 
Castle Butte Member, locally occupying the stratigraphie 
position between the upper Leadville contact and the lime mud 
matrix breccia horizon. Dolomite mud matrix breccias are 
exposed at top of most, if not all, known ore bodies and 
stratigraphically overlie the ore position. The basal contact 
is irregular with up to 15 feet of relief evident at outcrop 
scale, and perhaps as much as 150 feet where the breccia 
appears to transect the entire Castle Butte interval. The 
dolomite mud matrix breccia locally scours into and cross-cuts 
the lime mud matrix breccia and infills solution cavities 
within the lime mud matrix breccia (Figure 21) , indicating 
that the dolomite mud matrix breccias post-date the lime mud 
matrix breccias. The dolomite mud and the lime mud matrix 
breccias exhibit a strong spatial relationship, suggesting 
that the later breccia event was in part superimposed on the 
earlier. Complicated outcrop exposures result from the 
superposition of the two breccia types. The two end-member 
breccia types are locally intermixed, forming a hybrid breccia 
having characteristics of both breccia types.

Chert Breccias
Chert breccias are characterized by the presence of 

highly angular chert clasts, with both clast-supported and 
matrix-supported textures (Figure 22). All exposures of
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Figure 21. Tan dolomite mud matrix breccia infilling solution 
feature within gray lime mud matrix breccia. The 
lime mud matrix breccia below the hammer is 
comprised of lime mudstone intraclasts in a lime 
mudstone matrix. Bedding is draped around angular 
clasts.



Figure 22. Chert breccia comprised of angular chert clasts 
and occasional planar bed fragments within an 
ankerite matrix containing disseminated 
chalcopyrite and pyrite. The ankerite weathers 
reddish-brown. West wall of Flag Pit exposure.
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this breccia type are highly mineralized, masking the nature 
of the original matrix material. Chert breccia bodies are 
exclusively hosted by the Red Cliff Member. Thin
discontinuous chert beds within the Red Cliff Member are 
cross-cut by the chert breccia bodies (Figure 23) . Chert beds 
locally slump inward toward the center of the breccia mass, 
suggesting that post-Red Cliff dissolution resulted in the 
formation of the breccia bodies. The higher abundance of 
chert fragments in the clast-supported breccias in comparison 
to the chert content of the Red Cliff Member suggests 
dissolution of a large volume of limestone. As the chert 
breccia bodies are all strongly mineralized, a genetic 
association between their occurrence and mineralization is 
implied. Additional aspects of the chert breccias will be 
elaborated upon in the mineralization section. Chert breccia 
bodies are believed to be the preserved remnants of a 
paleokarst dissolution event that enhanced porosity and 
permeability for the later introduced mineralizing solutions.

Sandstone Matrix Breccias
A fourth, but relatively minor, type of intraformational 

breccia is characterized by the presence of a well lithified 
quartz sandstone matrix. Sandstone matrix breccias contain 
subangular to subrounded clasts of fossiliferous lime mud 
matrix breccia and gray lime mudstone in a well sorted,
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very fine-grained, angular to subangular quartz sand matrix 
(Figure 24). Dolomite mudstone clasts or dolomite mud matrix 
clasts were not observed. Matrix-supported textures are 
dominant over clast-supported textures. Sandstone matrix 
breccias are hosted by both lime mud and dolomite matrix 
breccias, but are preferentially located within the lime mud 
matrix breccias. Contacts with the enclosing breccias are 
irregular and locally rounded. Sandstone matrix breccias 
appear to infill dissolution features within the pre-existing 
breccias (Figure 25).

The sandstone matrix in thin section is comprised of 
highly angular to subangular very fine to silt-sized quartz 
grains in a clay matrix. All quartz grains exhibit undulose 
extinction indicative of strained quartz. The coarse detrital 
fraction of the sandstone matrix breccia is petrographically 
identical to that of the Kerber Formation. Pressure 
dissolution of the contained lime mud matrix breccia clasts 
is suggested by partially styolitic clast/matrix boundaries 
and by overclose packing of quartz grains within the sandstone 
matrix adjacent to the clast contacts.

Sandstone-Infilled Paleocaverns
The Leadville Formation hosts irregular lenticular masses 

of well stratified, thinly bedded, well sorted, fine-to very 
fine-grained quartzose sandstone, siltstone, and waxy to silty
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Figure 24. Sandstone matrix breccia hosted by lime mud matrix 
breccia, east wall of the Prospector Pit. 
Stratigraphie up is toward the top of the 
photograph.
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shale. In outcrop, the sandstone bodies are lenticular with 
a long axial dimension perpendicular to bedding and a 
relatively narrow lateral dimension. An exposure north of the 
Third level open stope is a minimum of 19 feet thick and four 
to five feet wide. Internal stratification is conformable to 
the regional attitude of the host Leadville Formation; 
however, beds are sharply concave upward and thicken toward 
the center in the majority of exposures (Figure 26). Contacts 
with the enclosing Leadville Formation are sharp, irregular, 
and frequently normal to bedding. The sandstone bodies are 
preferentially located within the lime mud matrix breccia 
horizon, but locally extend up to 25 feet below the top of the 
Red Cliff Member. Sandstone masses are also located within 
chert breccia bodies.

An exposure on the west wall of the Flag Pit illustrates 
the typical morphology of the sandstone-infilled caverns 
(Figure 23). An irregular mass with rounded contacts occurs 
within a chert breccia body. Internal bedding thickens toward 
the center of the feature and is concave upward. Bedding is 
contorted in the lower portions of sandstone body and exhibits 
soft sediment deformation features. Bedding is conformable 
to the regional bedding attitude defined by chert beds within 
the enclosing Red Cliff Member, although a well developed 
plunge is exhibited by the concave bedding. Chert clasts are 
infrequent within the sandstone. Lenticular chert beds and



T-3605 88

Figure 26. Sandstone-infilled paleocavern exhibiting concave- 
upward bedding hosted by Red Cliff Member lime 
mudstone. The paleocavern wall (dashed) is normal 
to bedding within the Red Cliff Member. The left 
side of the cavern wall is approximately 
coincident with the left side of the photograph. 
From outcrop north of the Third Level open stope.
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pods are interstratified with sandstone lithologies, and 
thicken toward the center of the sandstone body. The internal 
chert beds exhibit soft sediment deformation features, 
indicating silica precipitation prior to lithification. 
Limonite pseudomorphs after euhedral pyrite are common both 
within the sandstone and the chert pods.

The sandstone in thin section is a very fine-grained, 
very well sorted quartz arenite. Quartz grains are angular 
to subangular, very tightly packed with sutured grain 
boundaries, and exhibit undulose extinction. No feldspar 
grains were noted. Quartz grains are petrographically 
identical to those in both the sandstone matrix breccias and 
the Kerber Formation.

The sandstone bodies are interpreted to be infilled 
paleocaverns that formed as a result of a dissolution event 
superimposed on pre-existing breccias. Infilled paleocaverns 
are common within ore bodies and are larger and better 
developed in comparison to surface exposures. A detailed 
discussion of these features is included in the mineralization 
section.

Quaternary Dissolution Features
Numerous subterranean karst features are present within 

the mine workings, which consist of open and infilled caverns, 
solution enlarged joints and collapse breccias. They are
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distinctly different in occurrence from the paleokarst 
features previously described. Although a precise age 
determination is not possible, most are believed to be 
Pleistocene to Holocene in age.

Open caverns are present throughout the mine and exhibit 
preferential development in the Upper Dyer Dolomite directly 
below the quartz arenite beds. Continuous cavern networks at 
least 12 00 feet in length are known, with widths up to 7 5 
feet. Vertical dimensions within a single cavern exceed 100 
feet. The caverns were utilized for access between levels 
during the mining operations and as waste rock dump sites. 
Caverns are locally elaborately decorated with spleothems, 
aragonite crystals, and rare stalactites. Stalactites are all 
vertically oriented, indicating that no structural tilting has 
occurred since formation. Caverns are less well developed and 
less extensive within the Leadville Formation, but are 
frequently observed peripheral to the old stopes, and hence 
the limonite ore bodies, suggesting a genetic relationship 
between the two. Several cavern systems terminate at 
limonitic mineralization (Figure 27) . The Leadville Limestone 
adjacent to limonite mineralized areas exhibits rounded 
surfaces, solution corrosion and local caves. No caverns were 
observed that connect with the surface.

No predominant structural control could be ascertained 
on cavern development, although solution-enlarged northwest
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Figure 27. Limonite mineralization at cavern end, Second 
Level. Contact with rounded Leadville Formation 
at upper right and lower left corner of 
photograph.



T-3605 92

striking joints and fractures are common. A large cavern 
system with considerable lateral and vertical extent is 
developed down-dip along the fault offsetting the Leadville 
Formation south of the Third level open stope. The footwall 
of the cavern system locally consists of a slickensided fault 
plane, suggesting fault movement is in part post-cavern 
development.

Caverns are frequently infilled with unconsolidated, 
unlithified, well sorted, stratified sand with interbedded to 
interlaminated clay. Stratification is dominantly horizontal, 
although fill with widely variable orientations is present. 
Clasts of chert and limonitic mineralization are locally 
present within the cave-fill sediment (Figure 28) . Open 
caverns are commonly partially infilled with either 
unconsolidated sand or clay.

A cavern system that is partially to completely infilled 
with coarse open-space breccia is hosted by the Upper Dyer 
Formation on the First level. The breccia is comprised of 
angular to subangular clasts of Dyer Formation stromatolitic 
boundstone ranging in size from one inch to six feet. Clasts 
of altered porphyry with limonitic veinlets and weakly 
limonitic carbonate rocks are also present. The breccia is 
entirely clast-supported and is frequently without matrix 
material. Where present, the matrix is comprised of silty 
limonitic clay. The breccia mass is up to 50 feet thick and
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Figure 28. Unconsolidated, locally stratified sand fill in 
cavern hosted by Leadville Limestone. Clasts 
include chert (dark gray) and limonitic 
mineralization (brown).
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is located directly below the ore body positions. Similar 
breccias are locally present in the Fifth level drift within 
the Upper Dyer Formation, but contain a large percentage of 
matrix clay.

Discussion
A key outcrop of unmineralized Leadville Formation 

located east of the mine workings illustrates well the 
interrelationships between the lime mud and dolomite mud 
matrix breccias and the host rocks, and provides an exposure 
that explains some of the mineralized features of the mine 
without the complicating and obscuring effects of 
mineralization (Figure 29).

The Leadville is steeply dipping at this exposure, so 
that a plan map is essentially a cross-section exhibiting the 
internal characteristics of the formation, particularly the 
lime mud and the dolomite mud matrix breccias. Both the basal 
and upper contacts of the Leadville Formation are covered and 
probably fault-bounded. Lithologie characteristics of rocks 
and their relationship along strike strongly suggest that it 
is the same stratigraphie interval as that of the stratabound 
breccias at the mine site.

The lowermost Leadville strata exposed consists of dark 
gray, homogenous, massive lime mudstone to stromatolitic 
boundstone containing well developed, thin, discontinuous
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chert beds, correlative with the Red Cliff Member. The algal 
stromatolites contrast markedly with those previously 
described in the lime mud matrix breccia horizon, as they are 
indistinct, much darker in color, and are comprised of very 
thin planar laminae rather than laterally linked 
hemispheroidal forms. The difference in algal types probably 
reflects differing environments of deposition. A significant 
lithologie change occurs at a slightly undulating contact 
having two to three feet of scour relief that is believed to 
mark a major intraformational unconformity (Figure 30). 
Immediately overlying the inferred unconformity are light 
purple-gray, thinly interbedded to wavily interlaminated lime 
mudstones and light gray arenaceous dolomite wackestones to 
grainstones with frequent dark gray lime mudstone intraclasts. 
This interval contains frequent lenticular pods and 
discontinuous laminae of fine- to very fine-grained, 
subangular, well sorted, calcareous quartz arenite that are 
interfingered with the carbonate lithologies. Quartz grains 
are present at the basal scour and decrease in abundance up 
section. Gray lime mud matrix breccias overly and partially 
interfinger with the thinly bedded carbonate horizon. The 
lime mud matrix breccias are clast-supported with overclose 
packing and contain abundant heterolithic angular limestone 
clasts in a lime mud matrix identical to those at the mine 
site. Lenticular masses of light gray
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Figure 30. Unconformity between gray lime mudstone to 
boundstone of the Red Cliff Member and overlying 
thinly interbedded to interlaminated lime 
mudstones, dolomite wackestone (light strata) , and 
discontinuous sandstone laminae of the basal 
Castle Butte Member.
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thinly bedded to laminated dolomite grainstones to wackestones 
with interbedded purple-gray lime mudstones are interfingered 
with the lime mud matrix breccias with occasionally indistinct 
contacts. These masses contain thin discontinuous laminae of 
very fine- to fine-grained quartz and locally exhibit soft 
sediment deformation features. The lenticular nature along 
with the internal stratification and localized presence of 
detrital quartz indicates shallow-water deposition, probably 
in small channels.

Well developed, laterally linked, hemispheriodal algal 
stromatolites are locally interstratified with the lime mud 
matrix breccias. The stromatolites are unbrecciated, in 
place, and are apparently contemporaneous with breccia 
deposition, as they both overlay and are overlain by the lime 
mud matrix breccias. Gray to dark gray lime mudstones to 
wackestones typical of the Castle Butte Member overly the lime 
mud matrix breccia horizon. The Castle Butte Member also 
contains laterally linked hemispheroidal stromatolites with 
interstratified lime mud matrix breccias.

Dolomite mud matrix breccias crosscut the lime mud matrix 
breccias and Castle Butte Member limestones. The breccia is 
identical to that at the mine site, and consists of angular 
gray to dark gray lime mudstone, cream-colored dolomite 
mudstone, and light gray dolomite mudstone clasts in a gray 
to cream-colored dolomite mudstone matrix containing very
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fine-grained detrital quartz. Dolomite clasts are frequently 
irregular and appear to have been semilithified at the time 
of deposition. Internal stratification is locally well 
developed and generally conformable to both the basal breccia 
contact and regional attitude. Contacts of breccia bodies are 
locally normal to host rock bedding at the margins, cross
cutting stratigraphy a minimum of 25 feet. The upper contact 
of the dolomite mud matrix breccia with the host rock is 
covered. Gray limestone lithologies of the Castle Butte 
Member appear to overlie the dolomite mud matrix breccias ; 
however, no breccia continuity to the top of the Leadville was 
observed either in the map area or elsewhere along strike. 
The dolomite mud matrix breccia appears to infill large 
dissolution features within the lime mud matrix breccia 
horizon.

Based upon this exposure in conjunction with previously 
described breccia characteristics at the mine site, some 
inferences can be made as to origin. The gray lime mud matrix 
breccias are stratabound, regionally extensive, and occur at 
a major lithologie discontinuity believed to mark an 
intraformational unconformity. This unconformity is
consistent with the regional unconformity documented at the 
top of the Red Cliff Member by De Voto (1985) and utilized by 
Beaty and others (1989) to redefine the break between the 
Castle Butte and Red Cliff Members. The lime mud matrix
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breccias contain only limestone lithologies without dolomite 
clasts. Differing size of neomorphic textures within clasts 
and variation in angularity with lithology suggest 
differential lithification prior to deposition. The presence 
of dedolomitized clasts within the lime mud matrix breccia 
indicates dolomitization and dedolomitization, probably in a 
subaerial environment, prior to deposition. Clasts of 
overlying strata do not appear to be incorporated into the 
lime mud matrix breccia. The close spatial association of
algal stromatolites and the lime mud matrix breccia suggests 
similar environments of deposition. The presence of lime mud 
in the matrix indicates deposition in a carbonate-stable 
environment without a net loss of calcite. The lime mud 
matrix breccia is interpreted to be a depositional breccia 
formed either directly or indirectly as a result of subaerial 
exposure due to sea level lowering and probably reflects 
subaerial to shallow subtidal environments of deposition. 
Blount and Moore (1969) in a discussion of characteristics of 
depositional and nondepositional breccias list the presence 
of a lime mud matrix, a high clast-to-matrix ratio, and 
overclose packing indicative of pressure dissolution as 
distinguishing characteristics of depositional breccias, all 
of which are manifested by the lime mud matrix breccias at the 
Orient mine.

Dolomite mud matrix breccias post-date the lime mud
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matrix breccias. The breccias are superimposed upon the lime 
mud matrix breccias and locally infill cavernous features, 
suggesting that the stratabound lime mud matrix breccia was 
a preferred zone of dissolution-. Clasts of lime mud matrix 
breccia within the dolomite mud matrix breccia are rare, and 
where present, subrounded. If the dolomite mud matrix breccia 
is a primary depositional breccia, clasts of the lime mud 
matrix breccia substrate should be included. An
interpretation of dissolution of the lime mud matrix breccias 
and later infilling with dolomite mud matrix breccias is 
consistent with the field relationships and internal 
characteristics of each breccia. The presence of dolomite 
mudstone clasts in the breccia unit has significant 
implications for origin and timing. The only portion of the 
Leadville Formation where dolomite mudstone occurs is at the 
top of the formation, below the late Mississippian 
unconformity. The dolomite mudstone lithologies at this 
stratigraphie horizon are identical to those included as 
clasts within the dolomite mud breccia, hence the breccia must 
post-date dolomitization of the upper Castle Butte Member. 
Dolomite clasts occur in breccias at a level considerably 
below the dolomite horizon, indicating extensive deep 
dissolution and infilling, probably as a result of subaerial 
exposure. The presence of dolomite clasts with irregular 
boundaries suggests semilithification at the time of
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deposition, and that the karst dissolution event occurred 
relatively soon after dolomitization and subaerial exposure 
of the carbonates.

Outcrop exposures are insufficient to document continuity 
of the dolomite mud matrix breccias at the Red Cliff/Castle 
Butte unconformity with the dolomite at the top of the Castle 
Butte Member. Such a continuity is suggested by map 
relationships above ore bodies at the Prospector Pit, Flag 
Pit, Third level open stope, and the Black Canyon open pit. 
The dolomite mud matrix breccia probably originated as a 
result of subaerial exposure and dissolution of the dolomitic 
upper Castle Butte Member. The presence of quartz sand 
suggests an input of detrital quartz, probably as the 
Pennsylvanian highland began to rise. The rarity of chert 
clasts in the dolomite mud matrix breccia is consistent with 
the dissolution event affecting only the chert-poor Castle 
Butte Member.

The origin of the chert breccias is somewhat enigmatic, 
due to the mineralization effects that have obscured 
relationships between the breccias and the enclosing strata. 
Several deductions can be made, however, based on cross
cutting relationships with other breccia types and 
stratigraphie position. The presence of angular chert clasts 
dates the breccia as post-Red Cliff in age. No chert breccias 
were observed within the Castle Butte Formation, and Castle
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Butte lithologies, particularly dolomite mudstone, are not 
included as clasts. Chert breccias host sandstone-infilled 
paleocaverns, indicating that the chert breccias existed prior 
to the dissolution event that produced the paleocaverns. 
These relationships constrain chert breccia formation as post- 
Red Cliff, pre-Castle Butte in age. Their origin most likely 
is due to dissolution associated with subaerial exposure of 
the Red Cliff Member.

The relation of the chert breccia to the lime mud matrix 
breccia is unclear due to intense mineralization at this 
horizon, but all exposures indicate the chert breccias occur 
stratigraphically below the lime mud matrix breccias and the 
underlying unconformity. It is likely that an extensive 
subterranean karst system developed below the subaerially 
exposed surface. This was infilled by insoluble chert clasts 
resulting from the dissolution of the Red Cliff Member 
limestone, and by an undetermined matrix material. The matrix 
material was apparently extremely amenable to replacement by 
the later introduced mineralizing solutions. Transgression 
during Castle Butte time partially submerged the karst 
topography in the intertidal zone, resulting in deposition of 
the lime mud matrix breccias and accompanying stromatolites 
stratigraphically over the infilled karst features. Variable 
lithification and recrystallization of clasts within the lime 
mud matrix breccia, especially the dedolomitized clasts, are
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strong evidence for a complex depositional and diagenetic 
episode at late Red Cliff/early Castle Butte time.

The sandstone matrix breccias and the sandstone-infilled 
paleocaverns are probably different manifestations of the same 
event, the only difference being whether limestone lithologies 
were preserved within the dissolution features. Both occupy 
dissolution features within chert breccias, lime mud matrix 
breccias, and to a lesser extent, dolomite mud matrix 
breccias, and therefore must post-date formation of the other 
breccia types. As the dolomite mud matrix breccia post-dates 
Castle Butte dolomitization, the sandstone infilling event 
post-dates both episodes. The detrital fraction of the
infilled paleocaverns and sandstone matrix breccias is
identical to that of the Kerber Formation, suggesting a 
similar source provenance. Dissolution and infilling with
well sorted quartz sand is younger than the dolomite mud
matrix breccia event, but pre-dates deposition of the Kerber 
Formation. The dolomite mud matrix breccia probably formed 
in response to early subaerial exposure of the Leadville 
Formation, possibly while still under partial marine 
influence. The presence of a small percentage of quartz sand 
within the matrix of the dolomite mud matrix breccias is 
evidence for the beginning of sediment input from a 
terrestrial source.

Continuing emergence resulted in maturation of the karst
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terrain, diminishment of the carbonate-derived sediment 
derived from the exposed carbonate terrain, and increased 
input of detrital quartz. A well developed subterranean karst 
system probably again formed in response to a long period of 
subaerial exposure. This was primarily superimposed on 
earlier zones and sites of dissolution, as they were areas of 
enhanced porosity and permeability. Continuing regression and 
increased influx of detrital sediment resulted in the karst 
features being infilled with well sorted quartz sand.

Dissolution was in part contemporaneous with infilling, 
as reflected by the deformed bedding within the infilled 
caverns and the thickening of strata coincident with the 
troughs. As the orientation of the sediment is more or less 
conformable to that of the host rocks, sedimentation and 
infilling occurred prior to any structural tilting of the 
Leadville Formation. The overclose packing and sutured grain 
contacts of the quartz grains in the paleocaverns is evidence 
for deposition prior to deep burial. The subaerially exposed 
karst terrain and infilled paleocaverns were eventually buried 
by deposition of Kerber Formation sediments.

In summary, the lime mud matrix breccia and the chert 
breccia formed in response to subaerial exposure of the Red 
Cliff Member, and the dolomite mud matrix breccias and 
infilled paleocaverns are a result of subaerial exposure of 
the Castle Butte Member. A point to be emphasized is that the
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carbonate breccias hosted by the Leadville Formation at the 
Orient Mine are pre-Pennsylvanian in age, and have formed from 
depositional and dissolution processes, and are not structural 
in origin.



T-3605 107

MINERALIZATION

The primary objective of this study was to determine the 
origin of the limonite mineralization at the Orient Mine. 
Field relationships at numerous exposures in the mine area 
suggest that limonite deposition was a complex, multistage 
process, consisting of early reduced stages of mineralization 
and later oxidized stages. To facilitate discussion of 
mineralization, the stages are discussed in their apparent 
paragenetic sequence. Some of the oxidized stages are 
probably interrelated and may represent differing 
alteration/mineralization features of the same event. 
However, they will be described following the paragenetic 
sequence indicated from cross-cutting relationships.

Ankerite-chalcopvrite-pvrite-hematite-guartz
The earliest stage of mineralization at the Orient Mine 

consists of massive, white, very coarsely crystalline 
carbonate containing chalcopyrite, pyrite, hematite, and 
quartz. It is present as remnant masses within later 
superimposed limonitic mineralization and as thin 
discontinuous vein fillings. The white carbonate mineral was 
originally assumed to be dolomite, but x-ray diffraction and 
microprobe analyses of numerous samples throughout the mine 
workings positively identify the mineral as ankerite.
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Ankerite composition is relatively constant, regardless of 
mode of occurrence, associated mineral phases, or location 
within the mine (Figure 31) . Masses of ankerite or relict 
ankerite textures are present at the margins of every known 
limonite ore body within the mine. The contacts between 
ankerite-mineralized areas and host rocks are not preserved, 
as later limonitic mineralization has been superimposed on the 
ankerite mineralization, obscuring or obliterating original 
features. As the ankerite mineralization is believed to have 
controlled subsequent limonite mineralization, a detailed 
discussion of characteristics and mode of occurrence is 
presented.

Ankeritic Chert Breccias
Ankerite mineralization is well developed within the 

intraformational chert breccias. An ankeritic breccia 
exhibiting multiple episodes of ankerite mineralization is 
present as a remnant mass within limonitic mineralization in 
the #1 East crosscut on the Fifth level (Figure 32 and Plate 
II) . The breccia boundaries are obscured by later
mineralization and faulting, but relict textures within the 
limonitic mineralization suggest that the exposure is 
representative of a much more extensive breccia mass. Breccia 
textures are defined by angular chert clasts that are locally 
conformable to the regional bedding attitude. Clasts are
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Figure 31. Ternary composition diagram of Mg-Fe-Ca carbonate 
mineral species showing composition of Orient 
carbonate minerals. Each point represents the 
mean of four to twelve analyses.
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Figure 32. Remnant ankerite breccia exhibiting multiple 
stages of ankerite mineralization. Early gray 
Stage I ankerite is cut by sub-horizontal white 
Stage II ankerite veinlets, which are cut by high- 
angle Stage III ankerite veinlets. Irregular dark 
gray features are chert clasts. Scale is in 
inches. From #1 East crosscut, Fifth Level.
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matrix-supported in a gray to light-gray white, moderately 
well stratified, medium to coarsely crystalline, subhedral 
ankerite matrix. Stratification is defined by varying
ankerite crystallinity and color of individual laminae,
probably reflecting an ankerite-replaced stratified sediment 
that comprised the breccia matrix. Thin, lenticular laminae 
of waxy shale are locally present within the matrix,
particularly in the lower part of the exposure. Bedding is 
locally draped over chert clasts, suggesting that the chert 
fragments were deposited contemporaneously with the matrix 
sediment (Figure 33) .

Abundant fine-grained subhedral quartz and minor 
chalcopyrite occur at intercrystalline grain boundaries within 
the matrix ankerite. Specular hematite is disseminated 
throughout, with locally abundant radial aggregates of 
euhedral laths, occasionally poikilitically enclosing anhedral 
pyrite. Very fine grained euhedral to anhedral pyrite is also 
disseminated throughout, although the pyrite and hematite
appear to be mutually exclusive. At thin section scale, 
pyrite is dominant on one side of a lamination, whereas 
specular hematite is dominant on the other.

Relict styolites are occasionally present within the 
ankerite matrix. Styolite development predates
ankeritization, as ankerite grains are not truncated and are 
preferentially replaced by secondary anhedral quartz.
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Figure 33. Slabbed sample of multi-stage chert-ankerite 
breccia from breccia mass illustrated in Figure 
32. Early gray stratified Stage I ankerite, 
probably replacing breccia matrix material, is 
draped over chert clasts and cross-cut by Stage 
II and III coarsely crystalline white ankerite, 
the later of which contains chalcopyrite and 
pyrite.
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The early gray ankerite forming the breccia matrix (Stage
I) is heavily veined by two stages of white very coarsely 
crystalline ankerite. Stage II ankerite veinlets are 
subhorizontal and weakly conformable to stratification. The 
low-angle ankerite veinlets are cross-cut by high angle Stage 
III ankerite veinlets, which contain chalcopyrite and pyrite. 
The ankerite veining events, particularly the Stage II event, 
have locally intensely fractured chert clasts. Irregular 
areas of white, massive, vuggy, very coarsely crystalline 
Stage II ankerite are common within the Stage I ankerite. 
Vugs within the Stage II ankerite are lined with euhedral 
saddle-shaped ankerite, and occasionally contain euhedral 
chalcopyrite crystals. Areas of white, crustiform banded, 
extremely coarsely crystalline ankerite with locally abundant 
chalcopyrite occur within the Stage II ankerite. The 
mineralogy and mode of occurrence suggest that these areas 
reflect Stage II vugs infilled with Stage III mineralization.

Stage III chalcopyrite grains in polished section are 
closely associated with euhedral to subhedral quartz and 
anhedral pyrite. Chalcopyrite appears to have been introduced 
late, as it encrusts quartz and ankerite crystals, suggesting 
open space filling. This is consistent with the occurrence 
of chalcopyrite in the paragenetically youngest veinlets and 
as euhedral crystals in vugs.

The ankerite breccia at this exposure is believed to be
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a dissolution feature, probably a paleocavern, that was 
infilled with stratified carbonate mud and chert clasts 
derived from the Red Cliff Member. The early Stage I ankerite 
event replaced the cave sediment and preserved primary 
stratification along with coprecipitating pyrite and specular 
hematite. Two episodes of ankerite veining followed, the 
youngest of which was accompanied by chalcopyrite-pyrite 
deposition.

An ankeritic chert breccia with differing 
characteristics, including an additional mineralization stage, 
is exposed in the Flag Pit (Figures 23 and 34). The breccia 
matrix exclusively consists of very coarsely crystalline 
ankerite containing abundant vugs lined with euhedral, saddle
shaped crystals. Chalcopyrite is locally abundant as coarse 
anhedral grains one to fifty millimeters in diameter (Figure 
22) .

There are minimum of three episodes of ankerite 
mineralization at this locality, which are partially 
correlative with those described in the #1 East crosscut 
exposure (Figure 35) . Stage I ankerite is only locally 
preserved as remnant masses within later stages. The earliest 
clearly-defined stage is comprised of white to cream-white, 
extremely coarsely-crystalline ankerite with no visible 
sulfides or specular hematite, and is correlated with Stage 
II ankerite. Stage II ankerite is cut by veinlets of pink to
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Figure 35. Slabbed sample of multi-stage ankerite 
mineralization from the Flag Pit. Early gray 
Stage I ankerite occurs as a remnant mass within 
Stage II ankerite. Coarse white Stage II ankerite 
is cut by specular hematite-bearing Stage III 
ankerite, which is cut by thin veinlets of Stage 
IV ankerite.
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cream, coarsely crystalline ankerite exhibiting symmetric 
internal banding and containing specular hematite (Stage III) . 
Both ankerite stages are crosscut by thin ankerite veinlets 
of Stage IV, which contain local chalcopyrite.

In thin section, coarsely crystalline Stage II and III 
ankerite is comprised of an anhedral to subhedral mosaic of 
turbid ankerite grains. A commonly observed texture within 
the anhedral mosaic consists of elongate anhedral grains 
containing outward-radiating, feather-like growth zones 
(Figure 36) . This texture is preserved in later
mineralization stages that replace ankerite. Most ankerite 
grains exhibit undulatory extinction. Cleavage planes within 
the ankerite grains are not deformed, indicating the undulose 
extinction is not a strain phenomenon.

Stage III ankerite contains abundant specular hematite, 
occurring as radial aggregates enclosed in subhedral quartz. 
Disseminated subhedral to euhedral pyrite, partially to 
completely oxidized to goethite, is intergrown with the 
quartz, and locally encloses specular hematite laths (Figure 
37) . Anhedral chalcopyrite associated with Stage III ankerite 
partially encloses pyrite, and locally contains poikilitic 
inclusions of specular hematite.

Ankerite Breccias
Multi-stage ankerite breccias are also present, and are
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Figure 36. Photomicrograph of feather-textured ankerite 
infilling vug within replaced lime mud matrix 
breccia. Crossed nicols; field of view 4.8 mm.
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Figure 37. Photomicrograph of radiating lath-shaped specular 
hematite crystals enclosed in pyrite, which is 
enclosed in quartz (q) . Stage III ankerite (a) 
mineralization, Flag Pit. Field of view 0,6 mm.
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well developed in the Fifth level Gilligan workings (Plate 
II). Spotty remnant ankerite mineralization is present in the 
northern-most drift over a distance of 150 feet. Breccia 
textures are pervasive, but chert clasts are only locally 
abundant. Clasts predominantly consist of angular, dark gray, 
medium to coarsely crystalline Stage I ankerite, with 
disseminated fine-grained pyrite, chalcopyrite, and minor 
specular hematite. The breccia matrix consists of white, very 
coarsely crystalline, Stage II ankerite. The ankerite breccia 
has been brecciated and recemented by a later ankerite episode 
consisting of vuggy, translucent, light gray Stage III and/or 
Stage IV ankerite.

Ankerite breccias occasionally consist of flat, highly 
angular clasts of gray, medium crystalline, quartz-bearing 
Stage I ankerite in a matrix of pinkish-white, very coarsely 
crystalline Stage III ankerite containing coarse-grained 
chalcopyrite and pyrite (Figure 38) . No compositional 
distinction between ankerites of the varying stages was 
evident from microprobe analyses (Figure 31).

Breccias appear to be preferentially localized around 
irregularly stratified paleocavern fill (Figure 39) . The 
stratified siliciclastic fill is not brecciated, suggesting 
that the breccia textures may be partially replacement in 
origin, and reflect relict primary depositional or diagenetic 
features.
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Figure 38. Ankerite breccia comprised of gray, medium 
crystalline Stage I ankerite clasts in a white, 
coarsely crystalline Stage III ankerite matrix 
containing abundant chalcopyrite.



Figure 39. Ankerite breccia adjacent to gray stratified 
argillaceous siltstone paleocavern fill. Bedding 
within the clastic mass dips away from the 
observer, with well developed ankerite breccia on 
either side of mass.
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Ankeritic Lime Mud Matrix Breccias
Ankerite mineralization commonly occurs as selective 

replacement of lime mud matrix breccias. A complete gradation 
between unmineralized lime mud matrix breccia to breccia 
completely replaced by coarsely crystalline ankerite occurs 
in the #2 East and #3 East crosscuts on the Fifth level (Plate
II) . Unmineralized lime mud matrix breccia (Figure 18) grades 
laterally into white, extremely coarsely crystalline and vuggy 
ankerite (Figure 40).

Ankeritization is first manifest by selective replacement 
of breccia clasts, with preferential replacement of algal 
boundstone clasts. Relict clasts are comprised of very 
coarsely crystalline white ankerite or ankerite-lined vugs. 
Euhedral ankerite crystals up to one-half inch across are 
locally present within vugs. Grain size increases toward the 
center of the relict clasts, indicating open space filling and 
not post-ankerite brecciation (Figure 41) . These textures 
indicate selective leaching of the clasts prior to ankerite 
introduction. Relict clast sites locally have medium 
crystalline gray ankerite in the lower portions, overlain by 
very coarsely crystalline vuggy white ankerite, suggesting a 
geopetal texture. The medium-crystalline gray ankerite is 
texturally and mineralogically similar to Stage I ankerite, 
and is inferred to be replaced carbonate sediment that 
accumulated in the leached clast sites.
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Figure 40. Lime mud matrix breccia exhibiting selective clast 
replacement by white coarsely crystalline 
ankerite. A typical replaced clast is located 
directly below the hammer point.
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Figure 41. Photomicrograph of lime mud matrix breccia with 
selective clast replacement by ankerite. Matrix 
material is very fine-grained lime mudstone. 
Plane polarized light; field of view is 4.8 mm.
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Increasing intensity of ankerite mineralization is 
reflected by progressive replacement of matrix material, 
except where quartz sand is present. Intensely 
mineralized lime mud matrix breccias contain disseminated 
chalcopyrite, pyrite, and specular hematite.

Dolomite mud matrix breccias are rarely affected by 
ankerite mineralization. Where present, lime mudstone clasts 
are preferentially replaced by ankerite, without dolomite 
clast or matrix replacement.

Intraformational breccias of the Gilman Member are 
locally ankerite mineralized, and also exhibit selective 
replacement of limestone clasts. Dolomitic lithologies 
apparently were unreceptive to ankerite replacement.

Bedding Replacement Ankerite
In addition to the mineralized breccias, ankerite-sulfide 

mineralization occurs as selective bedding replacement. A 

twelve to eighteen inch thick stratabound mineralized horizon 
is present on the Fifth level, and is completely enclosed by 
unmineralized strata (Figure 42) . The majority of the horizon 
is comprised of limonitic mineralization, although remnant 
patches of primary white, very coarsely crystalline ankerite 
containing disseminated chalcopyrite and pyrite are present. 
The horizon has an irregular, knobby upper contact overlain 
by stratified intraformational breccias of the Gilman Member.
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Figure 42. Remnant selective ankerite replacement of Gilman 
Member algal stromatolite bed. Knobs on the upper 
contact reflect individual algal heads. Ankerite 
is replaced by later limonitic mineralization. 
Intraformational breccias of the Gilman Member 
overlie the stromatolite bed; intensely silicifled 
dolomite mudstone is located directly below the 
bed. Located in main Fifth Level drift near 
entrance to Gilligan stopes.
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The mineralized horizon overlies a five foot thick dolomite 
mudstone bed that directly overlays the upper quartz arenite 
bed of the Dyer Formation. This stratigraphie succession is 
identical to that observed in outcrop of the Gilman Member 
stromatolite horizon, with the ankerite occurring at the same 
stratigraphie position as the stromatolite bed. The knobby 
upper contact of the ankerite/oxide bed is interpreted to be 
a result of replacement of laterally linked hemispheroidal 
algal heads by ankerite-sulfide mineralization. Discontinuous 
ankerite veinlets are present above and below the replaced 
stromatolite horizon without wall rock replacement.

The lithology of the stromatolitic boundstone was 
particularly amenable to ankerite replacement; however, the 
stromatolite horizon is not pervasively mineralized throughout 
the mine workings, even in close proximity to intense 
mineralization.

The dolomite mudstone underlying the ankeritic 
stromatolite horizon is locally replaced by massive, vuggy 
silica with remnant patches of ankerite, most of which have 
been oxidized. This exposure is the only pervasive 
silicification noted within the mine workings.

Massive ankerite lacking breccia textures, suggesting 
limestone replacement, is uncommon. It frequently lacks 
included sulfide or oxide mineral phases, whereas breccia- 
textured ankerite commonly contains chalcopyrite-pyrite and/or
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specular hematite. A strong spatial coincidence is apparent 
between the presence of breccia textures and the abundance of 
included mineral phases, suggesting a genetic relationship 
between the two. Highest chalcopyrite contents are in areas 
of best-developed breccias.

Ankerite veinlets of varying attitudes are common 
throughout the mine workings. Most consist of discontinuous 
gash veinlets not exceeding three-fourths inch in thickness. 
Two dominant trends are present, a northwest-striking set with 
moderate to high-angle dips, and a northeast-striking set with 
moderate northwest dips. The northwest-striking set appears 
to post-date the northeast set, but data are inconclusive. 
Low angle ankerite veinlets within ankerite-replaced breccia 
pre-date the high-angle structures. Ankerite veinlets locally 
exhibit symmetric crustiform banding.

Ankerite gash veinlets are frequently observed near 
ankerite-mineralized breccias ; however, none were ascertained 
to be clear-cut feeders to mineralization and some cross-cut 
earlier ankerite mineralization. No through-going ankerite 
veins were noted. Ankerite veinlets crosscut altered porphyry 
intrusions, and ankerite occurs as matrix material of altered 
porphyry breccia, indicating that the ankerite mineralization 
post-dates porphyry emplacement.

Ankerite mineralization appears to be more extensive 
directly south of the Orient Mine workings, and possibly at
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depth east of the mine. Leadville Formation outcrops south 
of the Flag Pit locally consist of massive ankerite. Diamond 
drill holes near the ankerite outcrops intersected massive 
ankerite replacement of the Leadville Formation. The 
Leadville Formation north of Valley View Hot Springs consists 
entirely of massive ankerite. Ankerite mineralization is 
locally pervasive within the Leadville Formation in the deep 
drill hole east of the Third level open stope. No limestone 
lithologies were noted within the Leadville Formation in deep 
intercepts.

Brown Lime
The first stage of oxide mineralization, and the next 

paragenetic stage after the ankerite mineralization, consists 
of carbonate alteration referred to as brown lime by Stone 
(1932; 1934). This terminology is retained to simplify
discussion. Brown lime mineralization is comprised of dark 
brown, very coarsely crystalline, highly calcareous limonitic 
carbonate. It is commonly massive in occurrence and has a 
neomorphic texture, comprised of an interlocking mosaic of 
anhedral limonitic carbonate grains. Textural relationships, 
both at mine exposure and thin section scale, indicate that 
-the brown lime mineralization has been superimposed upon and 
preferentially replaces the ankerite mineralization.

The brown lime mineralization in thin section consists
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of a coarsely crystalline granular mosaic of anhedral calcite 
containing abundant limonite concentrated in a pseudomorphic 
pattern reflecting relict rhombohedral cleavage, 
intercrystalline grain boundaries, and growth zones, very 
similar to those observed within ankerite grains (Figure 43). 
The calcite is clear to limonite-stained and encloses the 
relict carbonate texture. Relict textures are usually well 
preserved, particularly those of the medium crystalline Stage 
I ankerite. Textural obliteration occurs where strongly 
limonitic.

Microprobe analyses of various brown lime samples 
substantiate the pétrographie evidence of calcite as the 
predominant carbonate mineral phase present within the brown 
lime mineralization (Figure 31) . Historical unpublished 
whole-rock analyses of brown lime mineralization confirm 
calcite and ferric oxide as the dominant mineral species. 
Total iron contents of representative brown lime 
mineralization from core samples average 17.9%, with a range 
of 14.2 to 19.1%. Analyses of FeO and Fe^O^ components 
indicate all iron is in the ferric state rather than ferrous, 
averaging 25.5% Fe^O^. CaO is the major component, averaging 
34.2%, with a range in values of 31.1 to 36.3%. The brown 
lime mineralization was historically referred to as siderite 
(Stone, 1932) . Pétrographie evidence, microprobe results, and 
the ferric nature of the contained iron indicate that the
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Figure 43. Photomicrographs of well-developed brown lime 
mineralization, consisting of neomorphic calcite 
with disseminated limonite concentrated along 
relict ankerite cleavage planes and growth zones. 
Plane polarized light and crossed nicols; field 
of view 4.8 mm.
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brown lime mineralization is exclusively comprised of limonite 
and calcite without siderite.

The brown lime phase is frequently vuggy, with vugs 
similar in occurrence and appearance to those present within 
the ankerite phase. Vugs are lined with pseudomorphs of brown 
lime after euhedral coarsely crystalline saddle-shaped 
ankerite crystals. Breccia textures are frequent, manifest 
by the presence of angular chert clasts. Coarse-grained 
angular clots of vitreous purplish-black limonite with 
occasional chalcopyrite cores are common to locally abundant 
within the brown lime mineralization, particularly where chert 
breccia textures are present (Figure 44) . Large masses of 
white bladed barite are locally present within the brown lime, 
with individual crystals ranging from one to four inches. 
Specular hematite is locally abundant, occurring as 
disseminated flakes and as local aggregates in brown lime. 
Areas of remnant ankerite occur within the brown lime, with 
ankerite textures continuing through the ankerite/brown lime 
contact into the brown lime. Contacts with the ankerite are 
relatively sharp or gradational over a distance of a few feet.

The ankeritic chert breccia on the west wall of the Flag 
Pit exhibits gradational contacts between ankerite and brown 
lime mineralization (Figure 34). White, non-calcareous 
ankerite becomes more calcareous, darker colored, and 
limonitic toward massive brown lime mineralization.
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Figure 44. Brown lime mineralization with well developed 
leisengang banding, chert breccia clasts, and 
indigenous limonite after chalcopyrite (black 
angular clots). West wall of Flag Pit.
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Chalcopyrite grains exhibit a corresponding change, from 
relatively unoxidized within the ankerite mineralization to 
completely replaced by limonite within the brown lime areas. 
A complete progression occurs across the gradational brown 
lime/ankerite contact from chalcopyrite with limonitic rims 
and thin limonitic fractures, to limonite clots with 
chalcopyrite cores heavily seamed with limonite, to limonite 
clots without remnant sulfide. Malachite locally accompanies 
the limonite in the more advanced stages of oxidation. The 
limonite in the relict chalcopyrite sites is a characteristic 
purplish-black with a vitreous to subvitreous luster, and is 
utilized as an identifying feature for indigenous limonite 
after chalcopyrite. Based upon the progressive chalcopyrite 
oxidation observed at this location, the presence of angular 
clots of limonite of this character within brown lime is 
interpreted as evidence for an ankerite-chalcopyrite 
precursor.

The brown lime/ankerite contact in the #1 East crosscut 
ankerite breccia exposure is sharp, with chert breccia and 
vuggy textures continuous across the contact (Figure 32). 
Ankerite matrix stratification and cross-cutting veinlet 
textures have been obliterated and are not recognizable within 
the brown lime mineralization. No change of volume or 
porosity occurs across the brown lime/ankerite contact, 
suggesting that the brown lime mineralizing event is a volume-
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for-volume replacement of pre-existing ankerite without a net 
loss of mass.

Individual ankerite mineralization stages were more 
susceptible to brown lime replacement than others. Near brown 
lime/ankerite contacts, Stage I and III sulfide and hematite- 
bearing stages are selectively replaced over the massive white 
Stage II ankerite . Separate ankerite stages are not 
recognizable within massive brown lime mineralization due to 
complete textural obliteration accompanying recrystallization.

All ankerite exposures in the mine workings are partially 
to completely replaced by brown lime. The ankeritic 
stromatolite bed previously described is largely replaced by 
brown lime mineralization (Figure 42) . Intraformational 
breccias selectively replaced by ankerite in the #2 and #3 
East crosscuts have been pervasively replaced by brown lime, 
and locally contain white barite masses up to 1.5 feet across 
(Figure 45). Brown lime mineralization often contains chert 
clasts, indicating ankerite breccia replacement. Massive 
brown lime without breccia textures is less common. The Red 
Cliff Member exposed on the walls of the Flag Pit is 
pervasively replaced by brown lime with preserved and intact 
chert bedding (Figure 34).

Contacts between the brown lime mineralization and the 
Leadville Formation are sharp to gradational. Sharp contacts 
commonly have an irregular silicified zone one to six inches
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Figure 45. Brown lime replacement of ankerite-replaced lime
mud matrix breccia, #2 East crosscut, Fifth level. 
Brown lime mineralization hosts large masses of 
white bladed barite.
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thick between the brown lime mineralization and the limestone 
host, comprised of an aggregate of minute euhedral quartz 
crystals (Figure 46) . The quartz crystals are readily 
apparent only on weathered surfaces or in thin section. A 
complete silicification progression is present across the 
contact from limestone to brown lime, marked first by the 
appearance of minute, slender, euhedral quartz crystals 
isolated within the limestone, similar in occurrence to 
phenocrysts within a porphyry. The quartz crystals increase 
gradually in number and volume percentage to form a product 
composed entirely of euhedral reticulated quartz grains 
adjacent to the brown lime mineralization. A complete 
progression can be noted across a distance of an inch. Spurr 
(1898) describes an identical silicification phenomenon near 
ore bodies in the Aspen, Colorado district. Brown lime 
mineralization having silicified borders commonly contains 
relict textures after ankerite. The relict textures along 
with the presence of quartz as a primary phase accompanying 
ankerite mineralization suggests that the silicified rims are 
inherited from the ankerite mineralizing event. No 
silicification was noted at ankerite/brown lime contacts.

Brown lime mineralization is present around most limonite 
ore bodies, forming the immediate footwall and walls of the 
ore bodies. At every occurrence, relict textures of an 
ankerite precursor, either indigenous limonite after
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Figure 46. Contact between brown lime mineralization and Red 
Cliff Member limestone with thin silicified zone 
reflected by raised relief directly below hammer 
head. Note remnant and relict chalcopyrite grains 
within the brown lime (above hammer head). 
Exposed in cavern wall on 54-Sublevel.
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chalcopyrite or vugs lined with ankerite pseudomorphs, are 
observed. Brown lime mineralization is also present in a deep 
drill hole located east of the mine, occurring within the 
Leadville Formation 1000 feet below the lowest level of the 
mine.

Remnant ankerite breccia masses commonly exhibit 
fracture-controlled brown lime mineralization. Thin,
discontinuous irregular brown lime veinlets and well developed 
planar structures cross-cutting the ankerite have symmetric 
brown lime alteration envelopes (Figure 47) . Brown lime 
veinlets occur throughout the Orient Mine area, hosted by the 
entire Paleozoic section, the Precambrian basement rocks and 
altered porphyry intrusions. The mode of occurrence is 
similar to that of the ankerite veinlets. Most are thin, 
discontinuous gash veinlets less than three-fourths inch 
thick. No laterally extensive brown lime veins are present. 
Brown lime veining exhibits two dominant modes of occurrence, 
consisting of northwest-striking high-angle veinlets and 
anastomosing stockwork systems without preferential 
orientation, commonly observed near limonite mineralization.

Brown lime gash veinlets are locally well developed in 
altered porphyry intrusions. The veinlets have bleached 
alteration envelopes of more intense alteration, possibly 
reflecting calcitization of relict phenocrysts proximal to the 
veinlets. Brown lime veinlet intensity within the porphyry
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Figure 47. Fracture-controlled brown lime mineralization 
replacing ankerite breccia, Fifth level Gilligan 
workings.
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locally increases to form a porphyry breccia consisting of 
altered porphyry clasts with a brown lime matrix (Figure 15). 
Brown lime veinlets also cross-cut dolomite mud matrix 
breccias above massive limonite ore bodies and early calcite 
gash veinlets with no wallrock replacement adjacent to the 
veinlets.

As most, if not all, massive brown lime mineralization 
is believed to replace massive ankerite, a question arises as 
to whether all brown lime veinlets were originally ankerite 
veinlets, or if there was a primary brown lime veining event. 
Evidence for both primary veining and secondary brown lime 
after ankerite exist, with no clear cross-cutting 
relationships between the two. Ankerite veinlets are locally 
gradational into brown lime veinlets along strike, but are 
also crosscut by brown lime veinlets at the same locality. 
Thin sections of the cross-cutting brown lime veinlets suggest 
an ankerite precursor.

A prominent brown lime vein exposed on the hanging wall 
of the #3 East stope cross-cuts ankerite veinlets, with 
selective replacement of the ankerite by brown lime peripheral 
to the vein (Figure 48). It is not known if the crosscutting 
brown lime vein is primary in origin or a later ankerite event 
that was more amenable to brown lime replacement than the 
earlier event, although the brown lime alteration envelope 
suggest a primary origin. Brown lime veinlets hosted by
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Figure 48. Brown lime vein with weak alteration envelope 
hosted by Gilman Member intraformational breccia, 
hanging wall of #3 East stope, Fifth level. 
Ankerite gash veinlets of vertical and horizontal 
orientation and ankerite-replaced clasts (top 
center) are selectively replaced by brown lime 
within alteration envelope.
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altered porphyry on the #2 level contain remnant unreplaced 
ankerite, indicating an ankerite precursor. The brown lime 
matrix of the porphyry breccia also contains remnant ankerite. 
A significant amount of brown lime veining appears to have an 
ankerite precursor; however, there is evidence to suggest that 
some brown lime veining is primary. Field relationships are 
inconclusive.

Ochre Mineralization
Paragenetically succeeding the brown lime mineralization 

is a stage consisting of brown, orange-brown to yellow, highly 
friable, porous and permeable material of low density, 
referred to as ochre by Rolker (1885) and Stone (1932; 1934). 
Textures in outcrop are similar to those within brown lime 
mineralization, and are relict rather than primary. Relict 
vugs lined with delicate pseudomorphs of ochre after euhedral 
saddle-shaped carbonate crystals are locally present, 
identical in form and occurrence to those in both the ankerite 
and brown lime phases (Figure 49) . Coarse indigenous limonite 
grains after chalcopyrite are locally present within the 
ochre, with no remaining chalcopyrite. The relict
chalcopyrite is at an advanced stage of oxidation and is 
difficult to recognize, as it lacks the characteristic 
indigenous limonite color and luster, particularly where ochre 
is well developed. Chert breccia clasts and chert beds are
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Figure 49. Ochre mineralization with indigenous limonite 
after chalcopyrite and relict vugs lined with 
ochre pseudomorphs after brown lime (pseudomorphic 
after euhedral ankerite). West wall of Flag Pit.
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locally present, but only as remnant textures. Specular 
hematite is locally disseminated within ochre, but appears to 
be remnant from the brown lime mineralization. Barite is less 
common, usually occurring as disaggregated individual crystals 
similar in appearance to those in brown lime mineralization.

Ochre mineralization is exclusively hosted by brown lime 
mineralization. Contacts are sharp to gradational. Sharp 
contacts are present between brown lime and ochre without 
limonite mineralization, but are gradational at the periphery 
of massive limonite mineralization. Where sharp, the ochre 
appears to infill areas between rounded, corroded brown lime 
"towers" that are similar to karst topographic features 
(Figure 50). Chert beds within brown lime mineralization are 
continuous through the ochre mineralization and the 
ochre/brown lime contact, however, indicating that the ochre 
is an in-place product. The chert beds are frequently
slumped and disarticulated where crossing the ochre 
mineralization.

Ochre mineralization is well developed in the Flag Pit, 
increasing in intensity and frequency of occurrence toward the 
west. It exhibits broad development in a northwesterly 
direction, with locally intense ochre mineralization within 
and proximal to northwest-striking high-angle structures that 
dip to both the northeast and southwest. The wall rock of 
ochre-filled structures locally exhibits leisengang banding
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Figure 50. Ochre mineralization hosted by rounded brown lime 
mineralization, southeast wall of Flag Pit. Chert 
beds within the brown lime mineralization are 
continuous through the ochre with local 
disarticulation and slumping (upper center).
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oriented parallel to the structure, indicating movement of 
iron-bearing solutions outward from the structures. Ochre- 
filled fractures and faults of small displacement locally 
cross-cut limonite mineralization. Irregular ochreous
features are also present without preferred orientation 
(Figure 51).

Yellow ochre varieties are strongly fracture-controlled 
within brown ochre, indicating that it post-dates brown ochre 
development (Figure 52). Yellow ochre is locally well 
developed at the margins of limonite ore bodies, particularly 
in the Flag Pit area. Ochre development is intense and 
locally developed around a large partially oxidized
chalcopyrite/pyrite mass, suggesting a genetic connection 
between the two. Northwest-striking high-angle normal faults 
locally offset ochre mineralization.

The friable nature of the ochre mineralization limits 
pétrographie study. In thin section, the ochre is comprised
of pervasive very fine-grained limonite with locally heavy 
leisengang banding. Individual constituents of the limonite
are not discernable due to the fine grain size. Relict
pseudomorphic carbonate textures within the brown lime 
mineralization end at the ochre contact, with complete 
textural obliteration within the ochre. Limited whole-rock 
analyses indicate that iron oxides and silica are the major 
components of the ochre mineralization. Early analyses from



Figure 51. Irregular ochreous dissolution feature hosted by 
brown lime mineralization, west wall of Flag Pit. 
Textures within the brown lime are continuous 
across the feature. Most of the ochre has 
weathered out.
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Figure 52. Fracture-controlled yellow ochre within brown 
ochre and localization at ochre/1imonite ore 
contact, underground Flag Pit workings. Well 
developed limonite mineralization located below 
hammer head.
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Rolker (1885) have average iron and silica contents of 29.5% 
and 35.3% respectively. Analytical results from Stone (19 32; 
1934) indicate that iron is present exclusively as the ferric 
species. CaO and MgO are low, averaging 1.3% and 0.4%, 
respectively.

The field relationships and textural evidence suggest 
that the ochre mineralization is a residual product of 
insoluble material remaining after extreme leaching of soluble 
components, primarily calcite, from the brown lime 
mineralization. Inward-slumping and disarticulated chert beds 
where transected by ochre mineralization indicate a loss of 
volume associated with the ochre-forming event. The presence 
of silica and iron oxides as the major ochre components 
support the interpretation of the ochre mineralization being 
a residual product. The rounded and irregular brown lime 
pseudokarst features are consistent with a dissolution event 
affecting the brown lime mineralization. The spatial 
coincidence of ochre with oxidizing sulfide minerals suggests 
that similar processes were involved in the formation of the 
pervasive ochre mineralization.

Limonite Mineralization
The limonite mineralizing stage at the Orient Mine is of 

primary importance, as it was the only mineralization type 
mined at the deposit. Approximately two million tons of
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limonite ore were produced from the mine. Ore bodies have a 
unique morphology and internal texture, a detailed description 
of which are critical to synthesizing a genetic model of 
formation. As limonite is predominantly a secondary mineral 
product formed from supergene processes, determination of the 
hypogene precursor involves detailed mineralogical and 
textural studies of the residual product.

All known limonite ore bodies at the Orient Mine are 
exclusively hosted by the Leadville Formation, particularly 
the Red Cliff Member. The base of most ore bodies is located 
at or within ten feet of the Gilman/Red Cliff Member contact. 
Ore body tops are located near the Red Cliff/Castle Butte 
unconformity, usually directly below the dolomite mud matrix 
breccia and, to a lesser extent, the lime mud matrix breccia. 
An exception is the Black Canyon level ore body, where 
limonite mineralization hosted by an abnormally thin Leadville 
Formation is present across the entire thickness of the 
formation.

The limonite ore bodies are pipe-like in shape and 
stratabound. The longitudinal dimension of the ore bodies is 
extensive in comparison to the relatively limited cross- 
sectional dimensions. Limonite ore bodies exhibit classic 
manto morphology, somewhat obscured by the thirty to nearly 
eighty degree dip of the host rock and by effects of post
mineral faulting. Limonite ore bodies in cross-section are
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predominantly circular to elliptical in shape, with occasional 
rectangular to lenticular morphologies. As most of the larger 
ore bodies are mined out, only approximate dimensions can be 
obtained from the size of stopes. The Third level open stope 
200 feet below the surface is 480 feet long by 100 feet wide, 
but probably reflects the mining of several ore bodies from 
one stope. A representative example of an individual ore 
body, mined at the north end of the Third level open stope, 
has dimensions of 170 feet by 110 feet (Figure 53) . The 
partially unmined ore body on a sublevel between the Fourth 
and Fifth levels has approximate plan view dimensions of 240 
feet by 7 0 feet. Smaller ore bodies have stope dimensions of 
70 feet by 30 feet. Longitudinal or axial dimensions are up 
to an order of magnitude larger.

An ore body in the northern part of the mine has 
continuous ore-grade limonite mineralization known to 
extending a minimum of 750 feet down dip. Another can be 
traced for a minimum of 850 feet along its axial trend. 
Limonite ore bodies are usually elongate parallel to the dip 
direction, although some rake at a considerable angle. One 
extensive ore body rakes at an angle of 30 to 45 degrees, from 
the approximate location of the Third level open stope to the 
Fifth level Gilligan workings. By conceptually removing 
structural dip and the post-mineral faulting, the ore bodies 
can be seen to converge and diverge with each other, forming
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Figure 53. Stope reflecting morphology of limonite ore body, 
north end of Third Level open stope. Distance to 
drifts of opposite side of stope is 180 feet. 
Attitude of Red Cliff Member host represented by 
dolomitic bed on far wall; stope footwall is 
conformable to bedding.
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a stratabound anastomosing network within the Red Cliff 
Member. The convergence and divergence of ore bodies along 
with the locally high rake angles explain why a significant 
number of ore bodies do not outcrop, particularly in the 
region between the Third level open stope and the Fifth level 
portal.

Limonite mineralization has been mined over a vertical 
range of 1,000 feet and is known from drill data to extend at 
least another 200 feet below the lowest production level. 
Stope configurations indicate that at least 16 ore bodies were 
mined at the Orient Mine, although some are probably fault 
offsets of the same ore body. Most ore bodies appear to 
narrow appreciably with depth.

Few analyses of ore composition are available from 
records of past production. Analyses of drill core from holes 
drilled in 1931 are probably representative of the average ore 
quality. A representative 78 foot-thick ore intercept in 
drill hole #48, located at the extreme northern end of the 
Fifth level and is probably the down-dip extension of the main 
Second level ore body, averaged 55.4% iron. Iron contents 
ranged from 49.8 to 59.7%. Silica contents average 4.83%, 
ranging from 2.6 to 10.5%. Phosphorous values range from 
0.002 to 0.061%, averaging 0.030%. Manganese averaged 1.03%, 
ranging from 0.54 to 2.7%. The analyses are comparable to 
those of early production, which average 56.2% iron, 6.15%
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silica, 0.023% phosphorous, 0.05% sulfur, 0.62% alumina, and 
1.54% manganese (Rolker, 1885).

Prior to discussing the internal characteristics of the 
Orient limonite ore, an explanation of limonite terminology 
and characteristics is necessary, taken largely from Blanchard 
( 1968) . His treatise on limonites points out well the 
complexities involved with limonite description, mechanism of 
formation, and determination of primary or precursor 
mineralogy.

There is no unique limonite mineral species. The term 
is loosely applied to a widely varying mixture of primarily 
ferric oxyhydroxides and silica. Goethite and lepidocrocite 
are the predominant ferric iron mineral species, but are end 
members of a number of poorly-defined ferric oxyhydroxide 
mineral species that are commonly poorly crystallized to 
amorphous (Langmuir and Whittemore, 1971). Silica is almost 
always present, although carbonate and sulfate minerals can 
also be mixed with the iron-bearing species. The silica 
component of most limonites gives gossans their resistant 
nature, and is an integral component of any supergene-derived 
limonite.

Blanchard (1968) classifies limonites as indigenous, 
fringing, and exotic, based upon the site of precipitation 
relative to the place of origin. Indigenous limonite is 
precipitated within the site of the primary iron-bearing
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mineral from which the iron was derived. Cellular
pseudomorphs typifying gossans are classified as indigenous. 
Fringing limonite is precipitated outside the limits of the 
source mineral, but sufficiently close for the source to be 
known. Exotic limonite is precipitated from iron-bearing 
solutions so far removed from the source that the point of 
origin cannot be determined. It is commonly superimposed upon 
the indigenous cellular type and complicates their 
interpretation. All three types are believed present among 
the Orient limonite mineralization.

Cellular structure is characteristic of indigenous 
limonite, comprised of a sponge-like network of siliceous 
limonite. It frequently exhibits a characteristic texture 
that is inherited from the cleavage or fracture pattern of the 
sulfide or other iron-bearing mineral undergoing oxidation. 
Cellular boxwork consists of cellular structure with a 
distinct angular pattern of rigid cell walls well joined to 
each other (Figure 54) . Individual cells in excess of several 
millimeters in diameter form a product known as coarse 
cellular boxwork (Blanchard, 1968) . The material forming the 
cell walls of the cellular boxwork is referred to as webwork, 
and consists of silica and iron hydroxides. Classic boxwork 
is essentially a limonitic, siliceous replica of the cleavage 
or fracture pattern of a pre-existing iron-bearing mineral.

The terminology of Blanchard (1968) is very useful in
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Figure 54. Well developed cellular boxwork derived from
chalcopyrite. Flag Pit. Cellular structure is
comprised of siliceous limonite; pattern is
distinctive of chalcopyrite.
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describing features of the Orient limonite mineralization, and 
is significant from the standpoint of origin. It must be 
cautioned that they are not entirely descriptive terms and 
are partially interpretive, as they are based upon supergene 
limonite textures. The utilization of these terms to describe 
limonite textures of the Orient mineralization does not imply 
a supergene origin for the Orient limonite mineralization; in 
fact, important differences from the classic limonites will 
be elaborated upon that suggest the Orient mineralization is 
not a supergene product.

A wide variety of limonite types and textures are present 
within the Orient ore bodies. The best developed, ore-grade 
limonite mineralization consists of a dark brown, hard, 
competent, extremely coarse cellular boxwork (Figure 55) . 
The webwork of the coarse cellular boxwork is comprised of an 
anastomosing network of limonite ribs commonly one-fourth to 
as much as one inch thick. The limonite comprising the 
webwork is distinctly different from the indigenous limonite 
after chalcopyrite. It is dark brown to brown, more granular 
in appearance, and has a dull luster in comparison to the 
vitreous luster of the chalcopyrite-derived limonite. The 
webwork frequently exhibits one dominant direction of 
development, occasionally two dominant directions, and 
commonly has no preferred orientation. The webwork locally 
has a reddish color and appears to be denser than the brown
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Figure 55. Coarse cellular boxwork ore typical of the Orient 
limonite mineralization. Pencil points to relict 
vug lined with ochre pseudomorphs after euhedral 
carbonate crystals ; irregular gray clots to left 
of pencil are remnnant chalcopyrite and indigenous 
limonite after chalcopyrite grains.
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varieties, particularly on the upper levels of the mine, 
probably indicative of limonite conversion to hematite. 
Pseudomorphs of limonite after euhedral carbonate are 
occasionally observed on webwork walls. Thin (< one-sixteenth 
of an inch) discontinuous specular hematite veinlets are 
common in the center of the webwork, with symmetric webwork 
development around the veinlets (Figure 56).

Chert clasts or beds included within massive coarse 
cellular boxwork ore host specular hematite veinlets without 
webwork development, although webwork is well developed on 
either side of the chert (Figure 57). The webwork exhibits 
asymmetric development where a chert clast is present on one 
side of the specular hematite veinlet and not the other.

Individual cells within the coarse cellular boxwork 
limonite ore are extremely irregular in outline and seldom 
exceed five inches in maximum dimension. The cells are 
interconnecting, imparting a high porosity and permeability 
to the ore. Ochre is locally present within the cells, but 
most boxwork ore consists of open space between the webwork. 
Botryoidal goethite frequently encrusts the boxwork webwork 
and lines the cells. Iridescent bright blue and green 
limonite crusts locally coat fine-grained botryoidal goethite 
on cell walls. Boxwork cells host a variety of minerals as 
open space filling. White, euhedral, acicular aragonite 
crystals are locally abundant, lining the tops and bottoms of
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Figure 56. Specular hematite veinlets within coarse cellular 
boxwork ore webwork. Cells are locally infilled 
with clay. Slabbed sample.
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Figure 57. Close-up of chert/coarse cellular boxwork ore 
relationships. Central specular hematite veinlets 
lack webwork development within chert clasts and 
are asymmetrically developed at clast margins.
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the cells. Black, sooty, masses of unidentified amorphous 
manganese oxides or hydroxides are locally present. Black, 
euhedral crystals with a metallic luster, tentatively 
identified by X-ray diffraction analysis as pyrolusite, 
encrust the amorphous masses. Rare, well formed radial 
aggregates of euhedral black bladed crystals are locally 
present that, based upon crystal form, are identified as 
manganite. Frequently observed within open cells of coarse 
cellular boxwork ore is a purple to purplish-gray, extremely 
delicate, dendritic, micaceous-appearing mineral identified 
as either poorly crystalline vernadite or manganite on the 
basis of X-ray diffraction patterns. Relatively pure clay is 
locally present within cells ; where present, infilling 
minerals are absent. The presence of paragenetically late 
minerals occupying open space within the boxwork and the 
presence of clay sediment suggest the ore bodies were conduits 
of several stages of post-ore fluid flow.

Frequent specular hematite aggregates up to one inch in 
diameter are present within the webwork. Chalcopyrite is 
locally present as partially altered to relatively unoxidized 
grains. A 2.5 inch chalcopyrite nodule at one location is 
relatively unoxidized and rimmed by limonite typical of the 
webwork, not of the indigenous limonite derived from 
chalcopyrite. Chalcopyrite masses up to 1,000 pounds were 
occasionally encountered during mining operations (Hills,
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1899). Aggregates of white bladed barite crystals are locally 
present within massive boxwork ore, similar in occurrence to 
that in the brown lime.

Soft, friable, brown to yellow, earthy limonite occurs 
with the coarse cellular boxwork ore, and is common near ore 
body margins, where it grades into ochre mineralization. 
Exotic leisengang banding is locally well developed within 
the earthy limonite. Large vugs up to three feet in diameter 
are occasionally present within both massive boxwork ore and 
the earthy limonite. The vugs are commonly lined with well 
crystallized goethite up to two inches thick, and contain well 
developed limonite stalactites and botryoidal goethite (Figure 
58). Goethite stalactites are up to four inches long and are 
vertically oriented at all occurrences within the mine. A 
unique variety of stalactitic limonite is locally present, 
consisting of parabolic limonite "bridges" up to one inch 
across that join vertical stalactites. Botryoidal goethite 
is well developed within the vugs. The webwork of the coarse 
cellular boxwork ore is highly corroded to absent within vugs. 
Disaggregated webwork fragments are present in some vugs.

Chert textures are the only remnant textures within the 
ore bodies. Breccia textures are locally well developed 
within massive coarse cellular boxwork ore, consisting of 
highly angular chert clasts in a limonite matrix (Figure 59). 
Evidence of open space filling by specular hematite is locally



T-3605 166

Figure 58. Vug with well crystallized goethite walls lined 
with stalactitic and botryoidal goethite. Note 
parabolic "bridges" between stalactites. Goethite 
rim is 1.5 inches thick.
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Figure 59. Chert breccia with limonite matrix, footwall of 
Second level ore body. Note local webwork 
development with central specular hematite veinlet 
(near pencil top) that cross-cuts chert clast ; 
also specular hematite-lned vug at left center.
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present within the matrix.
Lenticular, discontinuous chert beds are present within 

some ore bodies conformable to the attitude of the enclosing 
Red Cliff Member host, and are believed to reflect remnant 
bedding (Figure 60) . The chert is locally bleached and 
altered around clast or bed margins.

Polished sections of coarse cellular boxwork webwork from 
various ore bodies throughout the mine show consistent 
textural features and relationships. The webwork
microscopically consists of fine-grained, poorly to very well 
developed cellular structure having a distinct rhombohedral 
pattern (Figure 61) . Individual cells are often curved and 
in a radiating pattern, similar to the feather texture 
commonly observed in the ankerite mineralization. Cell walls, 
and hence the webwork of the coarse cellular boxwork, are 
exclusively comprised of well crystallized goethite without 
silica or other poorly crystalline ferric oxyhydroxide mineral 
species. Well developed specular hematite and specular
hematite+quartz veinlets are centrally located within the 
webwork, with fine-grained goethite cellular structure 
symmetrically developed on either side of the veinlet (Figure 
62). Veinlets are 0.2 - 1 millimeter wide, irregular,
anastomosing, and intersect without cross-cutting 
relationships. Quartz within veinlets is absent to locally 
abundant as anhedral to subhedral grains that both enclose and
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Figure 60. Lenticular chert beds reflecting remnant bedding 
within massive coarse cellular boxwork ore. Note 
locally bleached margins. Specular hematite 
veinlets are continuous through chert beds, but 
webwork development is limited to either side of 
the chert.



Figure 61. Fine-grained cellular texture of the coarse 
cellular boxwork webwork. Fine cellular webwork 
is exclusively comprised of goethite pseudomorphic 
after carbonate cleavage planes. Note inclusions 
of gray anhedral to subhedral quartz at upper left 
and lower right corners. Plane polarized 
reflected light; field of view is 4.0 mm.
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Figure 62. Specular hematite-filled veinlet at center of 
coarse cellular boxwork webwork. Veinlet walls 
are comprised of goethite with poorly developed 
fine cellular structure. Plane polarized
reflected light; field of view 1.2 mm.
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are encrusted by specular hematite, suggesting coprecipitation 
within the veinlets. Quartz-poor veinlets consist of massive 
specular hematite with platelet orientation parallel to the 
veinlet walls. Specular hematite is commonly leached out of 
the central veinlets, leaving an open fracture-like space 
within the webwork. No sulfide minerals or relict textures 
indicative of sulfides were observed within the central 
specular hematite+quartz veinlets. The fine-grained cellular 
texture of the webwork is frequently poorly defined to absent 
adjacent to the central specular hematite veinlet, due to the 
presence of massive goethite. Cellular texture becomes 
progressively better-defined outward from the veinlet. The 
rhombohedral cells appear to have been progressively infilled 
by goethite as the veinlet is approached. Massive goethite 
adjacent to specular hematite veinlets is textureless without 
crustiform banding; only the veinlets exhibit textures
indicative of open space filling.

Botryoidal goethite is frequently present at webwork 
margins, encrusting and locally infilling the fine-grained
cellular texture (Figure 63) . Specular hematite veinlets
leached of veinlet fillings commonly have crustiform
botryoidal goethite lining relict veinlet walls. Specular 
hematite laths are locally enclosed in the goethite webwork 
oriented along the direction of relict cleavage exhibited by 
the fine-grained cellular structure.
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Figure 63. Crustiform-banded botryoidal goethite coating fine 
cellular structure of coarse cellular boxwork 
webwork, and encrusting anhedral to locally 
subhedral quartz (dark gray). Specular hematite 
laths (light gray, high reflectivity) are enclosed 
within the quartz. Plane polarized reflected 
light; field of view 4.0 mm.
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Chalcopyrite and relict pyrite are occasionally present 
within the coarse cellular boxwork webwork, commonly closely 
associated with specular hematite and quartz. Chalcopyrite 
occurs as coarse angular grains partially to completely 
replaced by indigenous limonite. Partially oxidized
chalcopyrite contains a well developed incipient fine-grained 
cellular texture characteristic of chalcopyrite, which 
contrasts markedly with the fine cellular texture of the 
coarse boxwork webwork. The incipient cellular structure is 
comprised of symmetric, crustiform-banded, limonitic fractures 
(Figure 64) . The chalcopyrite webwork texture is recognizable 
in completely oxidized chalcopyrite grains, due to the 
textural and mineralogical differences between the 
chalcopyrite-derived and the goethite cellular structures.

Chalcopyrite partially encloses subhedral to euhedral 
quartz, which both encloses anhedral unoxidized pyrite and 
partially encrusts euhedral pseudomorphs of goethite after 
pyrite. Relict pyrite encrusts and encloses specular hematite 
platelets. Specular hematite is also poikilitically enclosed 
in quartz.

Quartz is locally disseminated throughout the goethite 
cellular structure, but does not fill cell space. The 
rhombohedral cellular texture is developed around the quartz 
grains. Coarse-grained radial aggregates of euhedral specular 
hematite platelets locally encrust large coarse-grained
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Figure 64. Incipient cellular structure development within 
chalcopyrite. Incipient cellular structure is 
comprised of coalescing crustiform-banded 
limonite-filled fractures in a pattern identical 
to the boxwork illustrated by Figure 57. Digenite 
rims remnant chalcopyrite; covellite (blue-gray) 
is locally present between limonitic fractures. 
Plane-polarized reflected light; field of view 
4.0 mm.
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chalcopyrite (Figure 65). The paragenetic sequence indicated 
by these relationships is: 1) early specular hematite, 2)
pyrite, 3) quartz, 4) chalcopyrite, 5) late specular hematite. 
This paragenetic sequence, with the exception of the late 
hematite stage, is identical to the sequence noted in the 
ankerite.

The limonite forming the matrix of chert breccias is also 
comprised entirely of goethite, with a cellular structure 
reflecting a poorly-defined rhombohedral cleavage pattern. 
Enclosed within the cellular structure are abundant anhedral 
to subhedral quartz grains and occasional pseudomorphs of 
goethite after euhedral pyrite.

A polished section of dense, reddish, coarse cellular 
boxwork ore has areas of higher reflectivity and a deep red 
internal reflection, indicating a hematite composition rather 
than goethite. Gradational contacts are present between the 
hematitic areas and goethite, with textural continuity across 
the contact, suggesting hematite replacement of goethite. 
This relationship is frequently noted in the upper levels of 
the mine, but also locally elsewhere where clay-filled boxwork 
indicates late fluid flow through the ore.

Goethite locally infills intercrystalline pore spaces 
within silicified areas at ore body margins. Pore space 
within euhedral secondary quartz is progressively filled by 
well crystalline goethite peripheral to specular hematite
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Figure 65. Photomicrograph of aggregates of coarse lath
shaped specular hematite encrusting chalcopyrite. 
From coarse cellular boxwork ore webwork, 
underground Flag Pit. Plane polarized reflected 
light; field of view 4.0 mm.



T-3605 178

filled veinlets that are continuous with those in the coarse 
cellular boxwork ore.

Webwork petrography of the coarse cellular boxwork ore 
indicates that the limonite mineralization comprising the 
Orient deposit ore bodies is not limonite with admixed ferric 
oxyhydroxides and silica, but is comprised exclusively of 
goethite. All goethitic cellular textures reflect cleavage 
planes, growth zones, and crystal morphology inherited from 
a carbonate precursor. The relict carbonate textures are 
identical to those within the ankerite mineralization, as are 
the remnant and relict mineral phases with the same 
paragenetic sequence as those in the ankerite.

A variety of relationships exist between the limonite ore 
bodies and the host rock. The most common transition toward 
massive boxwork ore from unmineralized limestone of the Red 
Cliff Member is brown lime with pseudomorphic ankerite 
textures and occasional remnant ankerite, to brown lime mixed 
with ochre, to ochre with limonite pods and stringers, to 
ochreous coarse cellular boxwork, to massive well developed 
cellular boxwork limonite ore. Contacts between phases are 
gradational with the exception of the brown lime/limestone 
contact, which is usually sharp. Boxwork ore/ochre contacts 
are also locally sharp. Limonite boxwork ore is usually in 
sharp contact with brown lime where the ochre phase is absent, 
but gradational contacts are common.
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Hummocky, rounded, solution-corroded brown lime 
mineralization with two to three feet of relief often 
comprises the footwall of stopes, with coarse cellular boxwork 
limonite locally remaining in low and cavernous areas between 
brown lime knobs (Figure 66). The top of the ore bodies 
frequently exhibit a sharp contact between dolomite mud matrix 
breccias and boxwork limonite ore (Figure 67). Dolomite mud 
matrix breccias overlie every major ore occurrence and are not 
visibly mineralized, even in direct contact with massive ore. 
Specular hematite veinlets within the limonite webwork do not 
extend into the dolomite mud matrix breccias. The only 
visible evidence of proximity to mineralization are lime 
mudstone clasts that are partially to completely replaced by 
coarse-grained muscovite (Figure 68) .

Weakly developed silicification is locally present 
around the margins of ore bodies, consisting of a one-half to 
two inch thick silica rind at the contact between boxwork ore 
and ochre. Fractures extending through and locally offsetting 
the silica have introduced limonite into the siliceous 
material adjacent to it. At one location, the central 
specular hematite veinlet within the webwork of the coarse 
cellular boxwork cross-cuts the silica rind with goethite 
introduction peripheral to the veinlet.

Ore bodies in the Flag Pit are somewhat atypical from 
those elsewhere in the mine. Ochre mineralization is strongly
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Figure 68. Lime mudstone clasts partially replaced by coarse
grained muscovite within dolomite mud matrix 
breccia. Matrix material comprised of dolomite 
mudstone with fine-grained angular quartz sand. 
Crossed nicols; field of view 4.8 mm.



T-3605 184

developed around the massive boxwork limonite ore. The ochre 
and locally limonite, mineralization exhibits strong 
development in a north-northwest direction, suggesting that 
structure played a much larger role in the mineralization 
process in this area.

Massive boxwork limonite mineralization is occasionally 
in sharp contact with unaltered limestone, without brown lime, 
ochre, or ankerite mineralization phases. Limestone walls at 
these areas are cavernous and highly solution rounded (Figure 
27) . Massive coarse cellular boxwork and earthy limonite 
mineralization with locally well developed chert breccia 
textures are locally hosted by unaltered limestone having well 
defined chert bedding (Figure 69) . The limonite/limestone 
contact is sharp and nearly normal to bedding, with chert beds 
ending at the ore body margin. Stratabound ochre-limonite 
mineralization extends outward from the ore body.

Irregular lenticular masses of gray to white, thinly 
bedded, well sorted quartzose sandstone with thin laminae of 
siltstone and waxy silty shale are frequently of observed in 
close association with the limonite ore bodies. The sandstone 
masses are present in the hanging wall of every stope examined 
within the mine, and are frequently observed as isolated 
masses within unmined massive coarse cellular boxwork limonite 
ore. The abundance of similar material on the mine dumps of 
every level suggests that they were common within the ore
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bodies. Internal stratification is generally conformable to 
the bedding attitude of the Leadville Formation hosting the 
mineralization. Bedding is commonly sharply concave upward, 
resembling tectonically-induced folds, and is most pronounced 
in the center of the sandstone masses (Figure 70) . All 
internal features are indicative of soft sediment deformation, 
not of tectonic folding. Folding of the Leadville Formation 
host or the enclosing limonite mineralization is not evident.

Dimensions range from a few feet across to large features 
at least thirty feet thick and perhaps that much as wide 
(Figure 71). Most are exposed in cross-section, so the axial 
or longitudinal dimension is not well exposed. It is
apparently of much greater extent than the cross-sectional 
dimensions, with sandstone mass morphology similar to that of 
the manto-shaped ore bodies. These features are identical in 
appearance and occurrence to the paleocavern fill previously 
described and are believed to be large-scale manifestations 
of the same features. There is a strong spatial coincidence 
between their occurrence and the location of limonite ore 
bodies.

The sandstone masses are transected by specular hematite- 
goethite-quartz veinlets up to one-eighth inch wide where 
hosted by well developed coarse cellular boxwork ore. The 
veinlets are continuous with those in the boxwork webwork, 
although the webwork does not continue into the sandstone
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Figure 70. Well-stratified limonitic quartzose sandstone 
paleocavern fill within massive coarse cellular 
boxwork limonite ore. Beds are sharply concave 
upward and cross-cut by specular hematite- 
goethite-quartz veinlets continuous with those in 
the boxwork webwork.
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Figure 71. Large sandstone-infilled paleocavern within 
limonite mineralization, hanging wall of Third 
Level open stope. Internal stratification 
conformable with attitude of host Leadville 
Formation.
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lithologies. Sandstone immediately adjacent to the veinlet 
is highly limonitic with leisengang bands that radiate outward 
from the veinlet. The limonitic sandstone is very porous, 
suggesting removal of matrix material. In contrast with 
unmineralized surface exposures, these sandstone masses near 
or within limonite mineralization are bleached white, with 
local strongly limonitic areas. Shale-rich laminae are 
altered to a white greasy clay.

Only one exposure of porphyry in contact with limonite 
ore is accessible in the mine, in a sublevel between the 
Second level and the Third level. The porphyry/limonite 
contact is sharp, planar to slightly undulatory, and is not 
a fault contact (Figure 72). The porphyry is moderately to 
strongly argillized, with weakest intensity of alteration near 
the contact. Goethite-specular hematite veinlets cross-cut 
the porphyry, with minor introduction of goethite into the 
porphyry wall rock. The veinlets are locally continuous with 
and have the same orientation as the dominant specular 
hematite-cored webwork in the coarse cellular boxwork ore 
beneath the contact (Figure 73). No thermal metamorphic 
effects are present within the limonite adjacent to the 
porphyry contact. The texture and appearance of the webwork 
immediately adjacent to the porphyry are identical to those 
from boxwork distal to the porphyry, both within the ore body 
and elsewhere in the mine. Pétrographie examination of
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Figure 72. Contact between argillized porphyry sill and well 
developed boxwork goethite ore. From sublevel
between Second and Third level.
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Figure 73. Close-up view of altered porphyry/boxwork goethite 
ore contact. Goethite-specular hematite veinlets 
within porphyry are continuous with those of 
boxwork webwork.
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webwork limonite adjacent to the porphyry contact reveals no 
difference in texture or conversion of goethite to hematite. 
Cells within the limonite boxwork are not infilled with 
porphyry; the porphyry contact is sharp and planar through the 
void space. Limonite xenoliths are not present within the 
porphyry. Dump samples of altered porphyry contain veinlets 
of goethite and specular hematite with locally pervasive 
limonite introduction into the porphyry wallrock. All 
textures and contact relationships suggest the limonite 
introduction was post-porphyry intrusion and fracture 
controlled.

Two minor occurrences of limonite mineralization outside 
of the Leadville Formation exist. A caved adit located 
northwest of the Third level open stope within the Fremont 
Formation has abundant hematitic limonite mineralization on 
the dump. The texture is identical to coarse cellular boxwork 
observed within ore bodies hosted by the Leadville Formation. 
A four foot wide high-angle fault zone is present with a 
heavily limonitic and ochreous footwall. The dolomite hanging 
wall has been partially replaced by brown lime mineralization. 
The center of the zone is comprised of highly sheared, altered 
porphyry. Although access to the underground workings was not 
possible, it appears from the surface exposure that the 
mineralization is structurally controlled. Small mine dumps 
located along strike of the projected structure contain
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similar mineralization.
The Prospector Pit workings include rounded, hummocky 

Dyer Formation with local brown lime mineralization, 
suggesting that limonite mineralization was locally developed 
within the formation. There is a lack of either ankerite or 
limonite-bearing mineralization of any phase in any formation 
other than the Leadville, even in thinly-bedded limestones 
directly below ore bodies.

Discussion of Limonite Textures
The internal textures of the coarse cellular limonite 

boxwork webwork are critical in determining the origin of the 
Orient limonite mineralization. Blanchard (1968) describes 
in detail the process of supergene boxwork formation, which 
essentially is not a replacement process, but rather open- 
space infilling by silica and ferric hydroxides of cleavage 
planes, fractures, or grain boundaries in an oxidizing iron- 
bearing mineral. Due to fluctuating fluid flow and 
geochemical conditions in the supergene zone, the fractures 
of the incipient webwork exhibit symmetric crustiform banding 
of silica-rich and poor layers around the central fracture.

The process described by Blanchard (1968) is 
substantiated by the internal morphology and compositional 
variation across the incipient webwork of partially oxidized 
chalcopyrite grains within brown lime and limonite
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mineralization (Figure 64 and 74) . A linescan microprobe plot 
of relative copper, iron, sulfur, and silicon composition 
across the bands of the incipient webwork reveals well defined 
compositional stratigraphy of iron+silicon and copper-rich 
bands (Figure 75) . Reflected light microscopy reveals that 
the iron is present as ferric oxyhydroxide, probably goethite 
and lepidocrocite, copper as malachite, silicon as quartz, and 
sulfur as chalcopyrite, covellite, and digenite. Individual 
bands within the incipient webwork alternate between limonite- 
rich bands, consisting of coincident iron and silicon peaks 
representing ferric hydroxides and quartz, and malachite-rich 
bands, represented by copper peaks without corresponding 
sulfur peaks. An isolated sulfur peak is copper-coincident 
within a band of disseminated covellite.

A microprobe linescan traverse across the margin of the 
limonite webwork into unoxidized chalcopyrite illustrates the 
nature of the chalcopyrite oxidation process (Figures 7 6 and 
77) . Iron and silicon contents are elevated and coincident 
within the limonite webwork and abruptly decrease at a region 
of elevated copper and sulfur, comprised of admixed covellite 
and probable copper silicates and oxides. Relative copper and 
sulfur content increase toward a band of digenite, in sharp 
contact with unoxidized chalcopyrite.

The observed transition indicates that chalcopyrite 
oxidation occurs through loss of sulfur and copper to form
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Figure 74. Scanning electron microscope photograph of
incipient cellular structure webwork within 
oxidizing chalcopyrite. Crustiform banding is 
defined by alternating limonite-rich and poor 
bands, and is characteristic of supergene 
limonite. Approximate location of microprobe 
linescan plot shown by solid line.
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Figure 75. Microprobe linescan plot of relative copper, iron, 
sulfur, and silicon composition across bands 
within incipient webwork of Figure 74 showing well 
defined compositional stratigraphy. Center of 
webwork at position of vertical dashed line; 
horizontal lines indicate relative zero values.
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Figure 76. Scanning electron microscope photograph of 
limonite-chalcopyrite transition at periphery of 
incipient webwork. Dark gray area is limonite, 
fine-grained bladed white mineral is covellite, 
white band is digenite, and broad light gray area 
is chalcopyrite.
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Figure 77. Microprobe linescan plot of limonite-chalcopyrite 
transition of Figure 7 6 showing mineralogical and 
compositional changes associated with chalcopyrite 
oxidation. Horizontal lines are relative zero 
values ; vertical lines approximate band
boundaries.
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digenite. Continuing oxidation results in the conversion of 
digenite to covellite, which is later removed and replaced by 
limonite and malachite. Further leaching results in a 
residual product consisting exclusively of limonite. The 
crustiform banding of the incipient webwork reflects inverse 
stratigraphy, with oldest bands located at the center of the 
incipient boxwork and youngest near the oxidizing 
chalcopyrite.

The microprobe data supports the conclusions of Blanchard 
(1968) that limonite is an mixture of ferric hydroxides and 
silica, and that the limonite webwork of supergene-derived 
cellular boxwork is a product of open-space filling reflecting 
a complex physicochemical history.

In contrast, the webwork of the coarse cellular boxwork 
is not comprised of crustiform banded silica-ferric 
oxyhydroxides indicative of open-space filling, but rather 
monomineralic goethite. The webwork is comprised of a fine 
cellular structure relict after carbonate, peripheral to 
centrally-located specular hematite veinlets. The absence of 
webwork development within nonreactive chert and sandstone 
lithologies adjacent to specular hematite veinlets indicates 
that the goethite forming the webwork was derived from the 
veinlet, but was only precipitated where favorable lithologies 
existed. The decreasing intensity of goethite infilling of 
fine cellular structure of the webwork laterally outward from
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the specular hematite veinlet also suggests a replacement 
process. The fine cellular structure is pseudomorphic after 
relict carbonate cleavage planes, crystal form, and growth 
zones identical to those of the ankerite mineralization stage. 
Quartz, specular hematite, chalcopyrite, and pyrite within the 
webwork exhibit the same paragenetic relationships of the 
ankerite stage, with the exception of the late specular 
hematite encrusting chalcopyrite.

The textural and paragenetic relationships show that the 
goethite mineralization is superimposed upon and replaces the 
ankerite-specular hematite-quartz-chalcopyrite-pyrite
mineralization. Blanchard (1968) states that specular 
hematite is hypogene in origin, which is supported by 
observations from the Orient deposit by the occurrence of 
specular hematite within pyrite hosted by ankerite. 
Similarly, the specular hematite infilling the central webwork 
veinlets must be hypogene in origin, not supergene. As 
goethite mineralization is intimately associated with the 
specular hematite veinlets, the Orient mineralization is 
interpreted to be predominately of hypogene origin. The late 
specular hematite encrusting chalcopyrite within the coarse 
cellular boxwork webwork was probably introduced with the 
goethite-specular hematite-quartz event, and explains the only 
inconsistency between the relict paragenetic sequence within 
the limonite and that of the ankerite mineralization.
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Supergene effects involving iron remobilization appear 
to be superimposed on the earlier primary goethite 
mineralization. The vugs containing corroded and locally 
fragmented coarse cellular boxwork ore remnants indicate 
dissolution of the goethite mineralization. Botryoidal and 
stalactitic goethite line vugs and cellular space within the 
boxwork, indicating post-boxwork precipitation. Blanchard 
(1968) lists columnar or stalactitic limonites, iridescent 
limonite crusts, and botryoidal limonite as indicative of 
precipitation from strongly acidic solutions, primarily 
derived from the oxidation of pyrite. The parabolic "bridge" 
texture is also stated to indicate a pyrite precursor.

Goethite dissolution suggests low pH fluids, based on Eh- 
pH stability diagrams of Garrels and Christ (1965). Iron 
remobilization probably occurred in response to generation of 
acid solutions from oxidizing sulfides remnant from the 
ankerite mineralization stage. Large chalcopyrite/pyrite 
masses were reportedly encountered during the course of mining 
operations, and it is possible that larger masses were present 
near the center of the goethite ore bodies. Acid solutions 
may have been more readily generated within the ore bodies 
with the removal of buffering carbonate accompanying goethite 
introduction, causing local dissolution of the coarse boxwork, 
migration of the iron, and precipitation when sufficiently 
buffered. The ochre mineralization locally present around ore
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bodies and the cavernous features within the brown lime 
mineralization probably resulted from the effects of the acid 
fluids.
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SUMMARY AND CONCLUSIONS

The Mississippian Leadville Formation, the primary host 
of mineralization at the Orient Mine, contains five types of 
intraformational breccias that formed from a minimum of four 
pre-Pennsylvanian dissolution events. Two major
unconformities, formed by subaerial exposure of the Red Cliff 
and the Castle Butte Members during the Middle and Late 
Mississippian/Early Pennsylvanian, respectively, are present 
within the formation. A pronounced paleokarst topography 
formed in response to subaerial exposure with concomitant 
formation of the intraformational breccias. Leadville 
Formation breccias are depositional and diagenetic in origin, 
and did not form from tectonic processes.

Gilman Member intraformational breccias are the oldest 
and contain clasts of underlying lithologies, indicating a 
depositional origin. Chert clast breccias post-date
deposition of the Red Cliff Member, and pre-date deposition 
of the Castle Butte Member. Chert breccias infill
subterranean dissolution features and topographic lows on the 
Red Cliff paleokarst surface, formed by dissolution of the Red 
Cliff Member during subaerial exposure. The lime mud matrix 
breccia overlies the Red Cliff unconformity, and is a 
depositional breccia reflecting a complex diagenetic history. 
The breccia was deposited in a subaerial to shallow subtidal
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environment, and probably formed in response to the 
transgressional event that resulted in the deposition of the 
overlying Castle Butte Member.

Dolomite mud matrix breccias formed after dolomitization 
of the upper part of the Castle Butte Member and pre-date 
deposition of the Pennsylvanian Kerber Formation. Both 
dolomitization and dolomite mud matrix breccia formation 
occurred in response to subaerial exposure of the Leadville 
Formation, probably relatively soon after emergence. Dolomite 
mud matrix breccias cross-cut and post-date the lime mud 
matrix breccias, and are preferentially located at the lime 
mud matrix breccia horizon. The superposition of breccia types 
indicates the lime mud matrix breccia was a preferred site of 
fluid flow and dissolution.

Continued subaerial exposure of the Leadville Formation 
resulted in the formation of a well developed paleokarst 
topography, marked by an erosional surface of considerable 
relief and formation of a subterranean cavern network. 
Subterranean karst features developed primarily at chert 
breccia and lime mud matrix breccia sites of enhanced porosity 
and permeability. Influx of detrital quartz sand resulted in 
the infilling of paleocaverns and local breccia matrix with 
well sorted quartz sandstone. Continuing regression and 
emergence of the Ancestral Rocky Mountains during the 
Pennsylvanian resulted in burial of the karst topography by
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Kerber Formation sediments.
The pre-Pennsylvanian paleokarst events, particularly 

those associated with the Red Cliff unconformity, were the 
direct control on Orient mineralization. Mineralization is 
best developed where dissolution events are superimposed upon 
each other. Chert breccia sites and areas of anomalously 
thick lime mud matrix breccias overlain by dolomite mud matrix 
breccias are the most intensely mineralized. Sandstone- 
infilled paleocaverns are present within every major 
mineralized occurrence. The coincidence of dissolution 
features and mineralization indicates that initial dissolution 
sites controlled subsequent events and mineralization by 
providing pathways of enhanced porosity and permeability. The 
stratabound manto morphology of the limonite ore bodies and 
the anastomosing nature reflects the original morphology of 
paleokarst features. The pattern of ore bodies displayed 
after structural features are removed is similar to modern 
integrated cavern systems. Mineralization at the margins of 
the ore bodies locally occupies small paleocaverns within the 
Red Cliff Member. Intense mineralization is developed around 
sandstone-infilled paleocaverns, indicating that they were 
either preferred conduits of fluid flow or their development 
enhanced porosity and permeability of the host 
intraformational breccias.

The limonite mineralization at the Orient Mine is a
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result of multiple events. Earliest mineralization is 
comprised of coarsely crystalline ankerite containing
chalcopyrite, pyrite, specularite, and quartz. Four substages 
of ankerite mineralization are recognized, based upon 
composite relationships from remnant ankerite masses at the 
margins of the limonite ore bodies. Stage I ankerite is
comprised of ankerite with specularite and quartz at 
intercrystalline grain boundaries. Stage II ankerite lacks 
contained mineral phases. Stage III ankerite contains 
abundant specularite, pyrite, chalcopyrite and quartz. Stage 
IV, only locally present, is comprised of ankerite with local 
chalcopyrite. Brecciation and fracturing occurred between 
stages. Ankerite mineralization is localized at paleokarst 
breccia sites as matrix replacement of chert breccias and 
selective clast to pervasive replacement of lime mud matrix 
breccias. Where karst breccias are particularly well 
developed, ankerite replacement of favorable limestone
lithologies peripheral to the breccia bodies occurred. 
Chalcopyrite is most abundant where breccia textures are well 
developed.

Brown lime mineralization, comprised of calcite and 
ferric oxyhydroxides, preferentially replaces the ankerite 
mineralization. It is a volume-for-volume replacement with 
no apparent increase in porosity. Textures and contained iron 
contents suggest that iron was neither added nor removed
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during replacement, but was derived from the ankerite. Relict 
ankerite textures are present, and sulfide grains are 
partially to completely oxidized to limonite.

Ochre mineralization is an insoluble residue of ferric 
oxyhydroxides, silica, and clay remaining after leaching of 
the calcite from the brown lime stage. It is well developed 
in areas of abundant relict pyrite and chalcopyrite, 
suggesting that acid fluids resulting from oxidizing sulfides 
were responsible for ochre formation.

The limonite mineralization preferentially replaces the 
ankerite mineralization, with ore body morphology reflecting 
that of the ankerite-mineralized karst breccias. The limonite 
forming the massive ore at the Orient mine is not a supergene 
mixture of ferric oxyhydroxides and silica, but is 
predominantly comprised of hypogene goethite. Textures 
indicate that the goethite mineralizing event reflects a net 
addition of iron rather than remobilization and loss through 
supergene processes. Specularite and quartz microveinlet 
stockworks are believed to have introduced the goethite 
mineralizing solutions into the ankerite. Intercrystalline 
porosity and the vuggy nature of the ankeritic mineralization 
are believed to have favored fluid flow through the ankerite 
mineralized areas. A unknown geochemical property of the 
ankerite resulted in goethite replacement of only ankeritic 
mineralogies, although the stockwork feeder veinlets extend
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through other lithologies.
Although most of oxidized mineralization is believed to 

be hypogene in origin, supergene limonite is present, post
dating formation of the hypogene goethite mineralization. 
Supergene limonites originated from oxidation of remnant 
sulfides within the goethite inherited from the ankerite 
event. Vugs within massive goethite, stalactitic goethite, 
and botryoidal goethite lining open space are evidence of iron 
dissolution, migration, and precipitation from low pH 
solutions. Advanced argillic alteration of porphyries in 
close proximity to the goethite mineralization is possibly in 
part a supergene effect superimposed on earlier hypogene 
argillic alteration. Late fluid migration through the 
goethite ore bodies deposited a variety of manganese oxides 
and aragonite within open space.

The chronological sequence of events in the formation of 
the Orient deposit is speculative. Ankerite introduction 
post-dates porphyry intrusion, as ankerite both veins and is 
present as the matrix material to brecciated porphyry. 
Goethite mineralization also post-dates porphyry intrusion, 
based on paragenetic relationships between ankerite and 
goethite and specularite veinlets hosted by altered porphyry. 
Porphyry intrusion is inferred to be Oligocene or younger in 
age, based on age dates on other intrusive bodies in the area. 
The ankerite mineralizing event appears to post-date argillic
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alteration of the porphyry sills based upon textural 
relationships within altered porphyry clasts hosted by 
ankerite. Rift-related normal faults offset the ore bodies, 
indicating that the goethite mineralization pre-dates at least 
a portion of rift faulting. Compressional tectonic features, 
such as thrust faults and folds, appear to have exerted little 
control over the localization of limonite or ankerite 
mineralization. The most structurally complex areas in the 
mine area are largely unmineralized. The bedding plane thrust 
fault exposed in the underground workings exhibits conflicting 
paragenetic relationships between timing of mineralization and 
faulting. The fault offsets weakly mineralized rocks adjacent 
to ore bodies, apparently repeats ore bodies, and is 
unmineralized at most locations, suggesting that displacement 
was subsequent to limonite and ankerite mineralization. At 
other locations, however, the fault plane is locally 
mineralized by both ankerite and limonite, suggesting that it 
predated both mineralization episodes. The inconsistency is 
possibly explained by reactivation of a pre-existing thrust 
fault by post-mineral extensional movement. As the limonite- 
mineralized horizon is repeated in the central portion of the 
mine, it is likely that undiscovered limonite mineralization 
exists in the thrust fault hanging wall directly east of the 
mine workings.

The Orient mineralization probably originated from a
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hydrothermal system emplaced during early rift development an 
area of structural intersections between low-angle thrust 
faults and rift-margin normal faults. The hydrothermal system 
may have formed in response to high heat flow associated with 
rifting, or from a buried intrusive underlying the Orient mine 
area. The localization of both goethite and ankerite near 
the rift margin and locally developed rift-parallel structural 
fabric to mineralization suggests a genetic association with 
rift development. The lack of both limonite and ankerite 
mineralization between the Orient mine and the Rito Alto stock 
suggest that it did not play a role in deposit formation. 
Similarly, the local development of porphyry sills and the 
localization of mineralization may indicate a buried intrusive 
mass underlying the mine area. The porphyry breccia present 
on the lowest level of the mine may indicate proximity to an 
intrusive body.

Ankerite mineralization exhibits a less distinct 
association with the rift. Although post-porphyry in age, it 
exhibits differing structural fabric from the oxide 
mineralized stages. Low angle and northeast-striking ankerite 
veinlets are anomalous in comparison with the structural 
fabric of the limonite-bearing mineralization. Structural 
deformation was concurrent with ankerite precipitation, 
exhibited by tectonically brecciated ankerite and multiple 
stages of ankerite veining.
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The length of time between the cessation of ankerite 
mineralization and the start of limonitic mineralization 
cannot be determined from field relationships. The similarity 
in structural orientation between late-stage ankerite veinlets 
and the oxide mineral phases and the occurrence of specular 
hematite in both ankerite and limonite mineralization suggests 
little time elapsed between mineralization events. An 
initially reduced hydrothermal system may have become 
oxidizing through the input of large quantities of meteoric 
water in response to active tectonic conditions at the rift 
margin. The thick arkosic section overlying the Leadville 
Formation is the probable source of the iron forming the bulk 
of the deposit.

Suggestions for further work to advance the understanding 
of the deposit and the geologic history of the Sangre de 
Cristo Range include :

1) detailed geologic mapping and structural analyses of 
veinlets of each mineralization stage to ascertain stress 
configuration at time of deposition.

2) fluid inclusion studies on the ankerite stages and 
quartz of specular hematite-quartz veinlets intimately 
associated with the goethite mineralization to determine 
temperature and salinity of both ankerite and goethite 
mineralizing solutions.

3) isotopic work on the carbonate mineral phases and the
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goethite to determine possible source.
4) differential thermal analysis of Orient limonites to 

determine maximum heating temperature and potentially further 
constrain deposit age.

5) age determination of porphyry intrusions and/or 
alteration minerals to apply chronological contraints to 
deposit age.
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