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ABSTRACT

f.

A new technique is introduced to produce mineralogic maps 

showing the distributions.of individual mineral species. Dis

tributions of ninety species were mapped by dividing the Italian 

Mountain area, Colorado into 884 100-meter grid spaces and inventory

ing the introduced or altered.mineral species present. Computer plots 

of distributions of twenty-five important species were made and species 

of the skarns, intrusion halos, lapis lazuli and base^metal replace

ment deposits are described. The mapping technique shows distribu

tions of individual species or assemblages of species, recognizes 

geochemical anomalies and provides insights into area geology. As 

applied in the Italian Mountain area, mapping showed well-defined 

species distributions controlled by host-rock compositions around a 

quartz monzonite stock and along structural block boundaries.
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INTRODUCTION

Statement of the Problem

Spatial distributions? of ore and alteration of mineral

assemblages have been extensively studied in many areas of the
/

world in the continuing effort to understand hydrothermal systems.

The purpose of this investigation is to describe a technique to 

produce mineralogic maps showing the distributions of individual 

mineral species.The technique was tested in the Italian Mountain 

area of Colorado and the resulting maps provide insights into 

the local geology. Not incidentally the work has also produced 

an extensive description of the mineralogy of the area.

Geographic and Historic Setting

Location

The Italian Mountain area is about 170 km. southwest of 

Denver and 30km. northwest of Gunnison, Colorado (Fig. 1).The area 

is accessible for about five months each year beginning in June.

The topography of. the area is dominated by four mountains and two . 

intervening basins. South Italian, Italian and North Italian 

Mountains form a north-south line with the highest point being 4078 

m. (13,378 ft.) summit of Italian Mountain. A prominent ridge 

extends east from Italian Mountain and divides Star Basin on the north

1
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107° W

Fig. 1. Location and tectonic setting of the Italian Mountain 
area in Colorado. A=Aspen, B=Brush Creek thrust,
C=Castle Creek fault, CB=Crested Butte, E=Elk Range 
thrust, H=Hunters Hill thrust, I=Italian Mountain area, 
S=Snowmass Stock, T=Taylor Park, and W=Whiterock Stock. 
See Appendix A for explanation of symbols.



from Stewart Basin on the.south. A broad shoulder of American Flag 

Mountain, the fourth peak, forms the east side of Stewart Basin.

Ecology-

Elevations in the area range from 11,000 ft. to 13,378 ft. 

and Canadian, Hudsonian and Arctic-Alpine life zones are represented 

with increases in elevations (Moenke, 1971). Large stands of Engleman 

spruce, smaller groves of aspen, and patches of willow are present 

in the Canadian zone from 8,000 ft. to 11,000 ft. The Hudsonian, a 

transition zone, is characterized by gnarled and stunted Engleman 

spruce, Krumnolz and large patches of willow. The Arctic-Alpine 

zone, above 11,500 ft. is treeless and is characterized by dwarf 

vegetation adapted to living in a cold arid climate.

Mining History

The Italian Mountain area was the scene of active prospecting 

after the discovery of lead-silver ore and the Star Mine in 1878 

(Garrett, 1950). The remoteness of the mine discouraged development 

and it was not until the 1900's that the Star reached full production. 

Even then it was. not great; total production for the years 1927 and 

1928 was valued at $8,224.07 and-represents ore that averaged 40.9f 

Pb and 26.72 oz/ton Ag. (Garrett, 1950). The 144 tons shipped in 

1950 contained 23.8% Pb, 1.3% Zn, 2711 lb (oz ?) Ag and 2 oz. Au 

(Roy, 1972). The mine is currently.being prospected by Dr, C. S. 

Livingstone who anticipates production in the near future.
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The -Clara L. Mine, 300 m. south of the Star and the Stewart 

Mine in Stewart Basin were actively promoted but produced little or 

no ore (Stewart, 1935).

Carl Anderson, a miner at the Star in 1939, prospected the 

west slopes of North Italian Mountain for facetgrade grossular 

garnet. His grossular prospect was. a failure but he did succeed in 

discovering a small deposit of lapis lazuli in a nearby gulley 

(Rosencrans, 1941). After an initial flurry of activity in the forties, 

the lapis mine settled into dormancy that was to last until 1980 when 

the deposit was worked on a larger scale by Paul Schultz of Oklahoma 

City (Schultz, 1981).

Whitmann Cross and Earl. Shannon's (1927) glowing description 

of the mineral specimens to be found at Italian Mountain encouraged 

me to look at the area in 1972, and I staked several lode mining 

claims on the source of the best specimen quality material and on a 

second deposit of lapis lazuli. Some specimens reached the retail 

market in the mid-1970's but little work is being done on the claims 

at the present time.

Geologic Settings

Two major tectonic features that influence geologic relation

ships in the Italian Mountain area are the Sawatch Uplift and the 

associated Elk Range fold and thrust belt (Figure 1).

Sawatch Uplift

■ The Sawatch uplift is a Precambrian-cored uplift that rose 

from the site of the late Paleozoic Central Colorado Trough (Tweto,
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Fig. 2. Generalized interpretation of the geology of the Italian 
Mountain area. Area covered by this thesis is within small rectangle. 
See Appendix A for an explanation of symbols.



1975) early (72 m.y.) in the Laramide orogeny (Tweto, 1980a).. It is 

one of the few uplifts in.Colorado that has no pre-Laramide expression 

(Tweto, 1989b).. The high-angle reverse, Castle Creek fault, a
i

major border fault of the Sawatch Range (Tweto, 1975) bounds the 

uplift on the southwest ̂ (Gross, 1972) and is shown on the 1:500,000 

scale Geologic Map of Colorado (Tweto, 1979). The structural relief 

between the crest of the Sawatch Range and the floor of the Piceance 

Basin, 80 km. to the west is 9,000 m. (Gross, 1972). Thrust faults 

associated with gravity sliding are a secondary feature of Laramide 

uplifts (Eardley, 1963).

. .

Elk Range Fold and Thrust Belt ?

The Elk Range is composed of thrust sheets emplaced by 

southward and westward gravity glide from the Sawatch Range (Bryant, 

1966; Zoerner 1974). The Elk Range fold and thrust belt branches 

from the Sawatch mountain front.in the vicinity of Taylor Park and . 

extends 120 km. to the northwest where it becomes the Grant Hogback 

monocline (Tweto, 1979). The Elk Range thrust, sometimes called the 

Elk Mountain thrust has been mapped in the Snowmass Mountain quad

rangle, 30 km. northwest of the Sawatch Mountain front (Vanderwilt, 

1937; Mutsehler, 1970). Tracing the fault towards the mountain front 

is complicated by post-fault intrusions, possible bifurcations and 

coincidence of the fault with bedding (Bryant, 1966).

The Elk Range thrust is considered Paleocene in age (Tweto, 

1975) but there are indications it may be as young as Oligocene.

Rocks in the Elk Range fault zone are metamorphosed by the Snowmass 

stock dated, 34.1 ± 1.4 m.y. (Mutsehler, 1970) and the stock
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is brecciated by the fault (Allen, 1967). Gaskill,in discussing 

the Whiterock Mountain area just west of the Italian Mountain area, 

states " The Laramide Orogeny... uplifted the (Central Colorado) 

depositional basin, folding and thrust faulting the sedimentary 

section to form the Elk Mountain fault zone, followed by and 

contemporaneous with !the intrusion of Tertiary magma '(1965, p.3). 

The White Rock Stock has been dated at 33.9 ± 1.0 m.y. (Bryant, 1970) 

The Italian Mountain area is at the place where the southeast

Ward projection of the Elk Range thrust intersects the Castle Creek 
fault zone. Following, or perhaps contemporaneous-with the faulting,

the Italian Mountain area was the site of multiple intrusions.

Other Geologic Work in the Area 

The geology of the Italian Mountain area has been interpreted 

differently by every geologist who has worked there. There is general 

agreement that the intrusive complex is composed of three stocks 

of differing composition. There is general agreement about the 

stratigraphic section and that variations in thicknesses of formation 

are real. There is also agreement that Precambrian rocks make up 

the northern and eastern part of the map area. But there is a great 

deal of disagreement about structural geology of the sedimentary 

rocks (Fig. 2).

Pre-1900

Geologists have been working in the Italian Mountain area 

since the early 1870’s. Ferdinand Vandever Hayden presented Verbal 

desriptions of the regions which he described as being "... thrown



8

into a greater state of chaos than I have ever observed anywhere 

in the West..." (1873), and he illustrates the " Great Fault 

Fold of the Elk Mountains" (Hayden, 1874).,Italian Mountain is 

just beyond the eastern border of the Anthracite-Crested Butte 

folio but Emmons and Eldridge (1896) extended the boundaries of 

the folio to create the first geologic map of the area.

1900-1970 ’ I

In 1927 Whitman Cross, an assistant to S.F. Emmons, 

collaborated with Earl Shannon to produce descriptions of the 

intrusive rocks and of a suite of mineral specimens collected 

during the 1885 and 1887 field seasons (Cross and Shannon, 1927). 

Cross recognised multiple intrusions at Italian Mountain and suggested 

the presence of "overthrust" faulting at Hunters Hill., 3 km. west 

of Italian Mountain. Shannon carefully described and illustrated 

the suite of specimens collected in the Italian Mountain area by 

the Emmons party. Incidentally. Cross and Shannon correctly named 

Italian Mountain as the U.S. Geological Survey names it today 

(U.S.G.Sj,1961); other investigators have referred to Italian 

Mountain incorrectly as North Italian Mountain (Prather, 1961j 

Cunningham, 1973; Zoerner, 1974). -

Garrett (1950}was the first to investigate the replacement 

ore deposits of the Star Mine and to map the geology of the Star 

Basin . He had the opportunity to see the orebodies undergound and 

to write the earliest description of the deposit. The orebodies 

consist of oxidized Fe, Pb and Zn sulfides and barite that 

replace breccia fragments in the Leadville Limestone. Garrett
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found the breccia to be extensive and felt that it was formed by 

karstification.

Prather (1961) shows two left^lateral strike slip faults on his 

map of the Italian Mountain area. He recognized the overturned section 

on the east ridge of Italian Mountain and explained structural relation 

ships in the western part of Star Basin by using a north trending 

high-angle fault. He shows no faulting in Spring Creek south of 

Stewart Basin.

Five locations around the contact, of the northern stock were 

sampled and described as part of a petrographic study of the contact 

metamorphism in the area (Finch, 1967). Finch described thin-sections 

of rocks collected along traverses from within the igneous rocks, 

across the contacts and into metamorphosed sedimentary rocks. Finch 

showed an idealized map of. the narrow metamorphic facies at the contact 

of the northern stock.

1970 to Present

On the 1:325,000.scale index map of the Aspen and Hayden Peak 

quadrangles, Bryant (1970, 1971) made an interpretation of the geology 

of the Italian Mountain area that was somewhat different from Prather's 

He showed American Flag Mountain as a thrust block with the toe of the 

thrust occupying the valley of Spring Creek.

Cunningham (1973) feels the southern of Prather's strike-slip 

faults is a normal fault, downthrown to the south and he shows more
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high-angle faults than do earlier-workers.. A major north-trending 

high-angle reverse fault he shows corresponds to regional interpreta

tions of the Castle Creek fault. Overturned rocks on the east ridge of 

Italian Mountain are explained, as the upper limb of a west-vergent, 

overturned syncline. A fault in thq valley of Spring Creek is described 

as a normal fault (Cunningham, 1981, personal communication).

Roy (1973) suggests essentially the same left-lateral 

strike-slip faults as Prather (1961) but he shows several northeast- 

and northwest-trending faults in the area where Prather has one 

north-trending fault. He distinguishes the upright sedimentary 

rocks of American Flag Mountain from the overturned rocks of North 

Italian Mountain and the east ridge of Italian Mountain^ and he 

illustrates a generally northwest-trending high-angle fault that 

he calls the Mine Creek fault, leaving the valley of Spring Creek.

Roy is the only geologist to show two bodies of "Precambrian 

amphibolite" east of the granodiorite body of South Italian 

Mountain, though he does not indicate if they were emplaced by 

faulting or as xenoliths in the granodiorite.

Roy's (1973) work on the metamorphism of the area 

indicates three contact metamorphic facies: a distinct 

pyroxene- hornfels facies, a distinct hornblende-homfels facies 

and a less distinct albite-epidote-hornfels facies. His work on 

the geochemistry of the area indicates that the replacement
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deposits are high in Cu,Pb and Zn and that the skarn depo.sd.ts contain 

Cu and Mo. He concluded that quartz latite dikes and Laramide 

or Tertiary faults served as conduits for mineralizing solutions.

Zoerner (1974) describes the fault in Spring Creek valley 

as the heel of a thrust fault and does not link his' faulting to the 

Castle Creek fault. Zoerner explains the outcrop patterns of the 

sedimentary rocks using high-angle faults and his cross-section 

shows the overturned rocks of the east ridge of Italian Mountain 

as the hanging wall of a thrust fault that dips to the. east at about 

45 degrees.

Tweto and others (1976b) show the Italian Mountain area 

at a scale of 1:250,000 and details are omitted. The north-south 

trending Castle Creek fault is the dominant fault in the Italian 

Mountain area. Other faults break the area into large structural - 

blocks. The Hunters Hill thrust is shown 2 km. west of the Italian 

Mountain area.

Method of Investigation

Sampling

To obtain an overall picture of the distribution of mineral 

species in the Italian Mountain area it was essential that the area 

be sampled in a systemmatic manner. The sampling was accomplished by 

dividing the 8.84 square-kilometer map area into a 100 , meter grid. 

Each of the 884 species thus created was considered a mineralogical 

sample space. An inventory of the introduced or altered mineral
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species in each sample space could then be made in a manner analogous 

to point-counting on a thin-section.

The summit of Italian Mountain,commonly referred to as 

the"Summit",is the origin of the coordinate system. Grid spaces 

are described by the coordinates of the lower left corner of the 

space as xxx m. north xxx m. east. Because topography in the area 

is rugged, determination of the position could be accomplished 

by using an altimeter and observing topography. In topographically 

monotonous areas, resection was used to determine position. About 

10 percent of the sample spaces that had outcrops were not entered 

because of the danger of working in steep cliffs or amid sliding 

talus blocks.

A data collection form was prepared for each sample space 

(Appendix D). The"form provided a place to record the date, the 

coordinates of the sample space, the-sample space identifier, the 

rock types present, the mineral species present, the estimated 

percentage of each species, the paragenesis and morphology of 

each species and the numbers of any sample taken. The form also 

provided a space for sketching mineralogic or geologic observations.

Estimation

Estimation of the quantity of a mineral species present 

within a sample space.proved to be a problem. Among:the approaches 

considered were the measurement of mineralized fracture lengths 

within a "typical" area in each sample space and the point counting .
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in thin-section of " typical" altered or mineralized rocks collected 

within each sample space. While the results obtained by both of 

these rigorous approaches would have been precise, these methods 

could not be used because of financial considerations and the 

shortness of the field season.

The technique that was selected in place of the above 

involved visually estimating the quantity of each, detectible species 

present in a sample. There is a certain bias in this method towards 

the conspicuous species such as the copper "oxide" minerals since 

they are most easily seen,and bias against the less conspicuous 

species. In some localities estimation involved scrutinizing the 

only outcrop within the sample space and in others it involved 

comparing several outcrops within the 100-meter square sample 

space. In a final treatment the estimates into ranges were 

generalized by lumping the estimates' into ranges of less than 

detection level, less than 1%, 1% to 9%,and 10% to 100%, corresponding 

to absent, present, common, and abundant.

Identification

About half of the mineral species were easily recognized 

and identified in the field. Species about which there was some 

doubt were named "unidentified XX" and mapped as such. Minerals were 

identified by conventional means including X-ray diffraction 

(using the Siemens D 500 diffractometer and the Debye-Scherrer
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powder camera), microscopes and immersion oils, the Vreeland 

spectrometer and comparison with specimens in the collections of the 

University of Arizona and the Arizona-Sonora. Desert Museum. Identifi

cation data were gathered on mineral identification worksheets (Appendix 

D) and are included in descriptions of the species (Appendix C).

Geologic Mapping

In. conjunction with the sampling a geologic map of the area 

was prepared, largely to demonstrate that sampling can be done in 

conjunction with a routine mapping program. The mapping demonstrates 

that the geology of the Italian Mountain, area was far from simple, in 

fact, the geology deserves to be carefully mapped to resolve differences 

of interpretation that exist among the geologists who have worked in 

the area. Mapping in the field was done at a-scale of 1:10,000. or 

about 800 feet to the inch and results- of mapping are shown in Fig. 6.

Computer Work

All data, from the data collection forms were punched onto 

data processing cards for sorting, listing, and further processing.

The data are presented in Appendix B. The data cards giving sample 

space mineralogy were then used to create plots of mineral species 

distributions for species occurring in more than 20 sample spaces 

or species of special interest. An SPSS (Statistical Package for 

the Social Sciences) plot routine was used.

Z
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The coordinate system provided a framework for recording 

data and a convenient way to discuss observations made in the field. 

Rather than refer to sites in relation to geographic features which 

may be unknown to the reader, I will locate sites as being xxx 

north xxx m. east of the Summit.

1



■ OBSERVATIONS

Lithology

Precambrian metamorphic and igneous rocks. Paleozoic sedi

mentary rocks, Teritiary rocks and Quaternary deposits are present in 

the area of the map.

Sedimentary rocks were generalized for mapping as the Sawatch 

and Peerless Formations, the pre-Leadville dolomitic rocks, the 

Leadville Limestone, the Belden Formation and the Gothic Formation.

On the final illustration, the units were further generalized to pre- 

Leadville Formations, Leadville Limestone, and Belden and GothicT?
Formations. Without this generalization, the final map would be 

complicated, and understanding the relationships of geology to 

mineralogy, would be hindered. The generalization also allows better 

illustration of structural information.

Precambrian Aged Rocks

Biotite-rich, porphyritic quartz monzonite is the most common 

Precambrian rock in the vicinity of Italian Mountain. It intrudes 

a series of schists, gneisses and amphibolites and is intruded 

by muscovite granite (Cunningham, 1973). The metamorphic rocks 

may correlate with a metamorphic complex about 1800 m.y. in age, 

the porphyritic quartz monozonite may correlate with biotite-rich 

porphyritic igneous rocks about 1700 m.y. in age and the muscovite

16
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granite may correlate with granites and quartz monzonites ranging 

from i,350 to 1,480 m.y. in age (Tweto, 1980). With the exception 

of a granite intrusion at 100 m. north 2,300 m. east and some small 

areas of schist, gneiss and amphibolite, the Precambrian. rocks in 

the map area are porphyritic quartz monzonite. All Precambrian rocks 

were grouped in the preparation of Figures 6 and 7.

Paleozoic Aged Rocks .

Paleozoic rocks of the Sawatch, Peerless, Manitou, Fremont, 

Chaffee, Leadville, Belden and Gothic Formations occur in the Italian 

Mountain area. The rocks preserved on the western flank of•the 

Uplift represent only 30 to 40 m.y. of the total 210 million years 

of lower Paleozoic history. With the exception of the Sawatch- 

Peerless contact all the formations are separated by wide uncon^ 

formities (Ross and Tweto,.1980). Stratigraphic sections were 

measured in several places in the area; the best.exposure of. the 

Paleozoic section, even though it is overturned, is on the east 

ridge of Italian Mountain, Variations in.stratigraphic thickness of 

lower Paleozoic rocks are shown in sections measured by myself,

Johnson (1944), Prather (1961), Zoerner (1974), and Roy (1973) Fig. 3.

The upper Cambrian Sawatch Quartzite is a moderately well-sorted 

white to tan, massive quartzite. The base of the Sawatch rests 

uncomformably on the Precambrian rocks and is characteristized
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AMERICAN FLAG MOUNTAIN
EAST RIDGE 

ITALIAN MOUNTAIN NORTH ITALIAN MOUNTAIN

OM

-1.8 km -2 0  km- NW

OM OM

50m.

Fig. 3. Stratigraphic sections from the Italian Mountain area.

Section on American Flag Mountain from Prather (1961), 
Roy (1973) and myself, on the east ridge of the Italian 
Mountain from Zoerner (1974), and on North Italian 
Mountain from Johnson (1944). See Appendix A for an 
explanation of symbols.
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by poor sorting and coarser grain size than the overlying quartzsite. 

Brown shales of the upper Cambrian Peerless Formation occasionally 

overlie theJsawatch quartzites, but for purposes of mapping, the 

Peerless was included with the Sawatch Quartzite. The contact of 

the Sawatch Quartzite with the overlying Manitou Dolostone is 

sharp and disconformable. The presence of chert and a tendency 

for the carbonates to weather to a pale orange color distinguishes 

the Manitou Dolostone from the Dyer Dolostone member of the 

Chaffee Formation.

The mid- to upper-Ordovician Harding Sandstone overlies 

the Manitou Dolostone at places in the Sawatch Range (Johnstone,1944) 

but it was not found in the Italian Mountain area.

The upper Ordovician Fremont Limestone is described in 

one section near Italian Mountain. Prather (1961)indicates it is 

a crinoidal dolomitic limestone on American Flag Mountain. Johnson 

(1944) notes that the Fremont Limestone is present in the Sawatch 

Range south of Taylor Park, 20 km. southeast of Italian Mountain.

A 75 million-year gap in the sedimentary record (Ross 

and Tweto, 1980) is represented by a change from massive gray 

limestone to maroon-weathering dolostone of the lower portions 

of the Parting Member of the Devonian Chaffee Formation. The 

Parting is distinctive because it is colorful and because of the 

variety of rocks it contains: shale, dolomite and quartzite.

It is conformably overlain by the massive gray Dyer Dolostone 

Member of the Member of the Chaffee Formation.
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Although no evidence of disconformity was recognized, the 

section that I measured on American Flag Mountain, Devoto (1980) 

describes subaerial erosion and the development of an unconformity at 

the contact of the Leadville Limestone with the underlying Chaffee 

Formation in the area surrounding the Sawatch.Range. A thickness of 

6.7 m. of sandstone and 1.1 m., of.conglomerate in the lower Leadville 

Limestone are described, in sections measured by. Johnson (1944) and 

Zoemer (1974) and are probably correlatable with the 2.9 m. thick 

Gilman Member described by Wittstrom (1979) at Mt. Tilton, 3 km. 

northwest of Italian Mountain. Conspicuous outcrops of.massive gray 

limestone represent the Redcliff Member of the Leadville Limestone. 

Sections measured by Johnson (.1944), Prather (1961)., Zoerner (1974) 

and Wittstrom (1979) show a north-westward thinning of the Leadville 

Limestone, probably due to erosion prior to deposition of Pennsylvanian 

sedimentary rocks. ’

A distinctive, poorly^sorted, angular-grained quartzite was 

deposited on the Leadville Limestone at places. This rock does not 

resemble the red regolith that is typical of the Mol as. Formation 

(Mallory, 1960), and it probably represents coarse elastics shed 

from the ancestral Sawatch Uplift (Devoto, 1972). Above the coarse 

clastic rock, the Pennsylvanian Belden Formation consists of black, 

carbonaceous shales with thin-bedded limestone interbeds, as described 

by Brill (1958) at the type locality. Small deposits of evaporites 

near Italian Mountain and North Italian Mountain may be facies in 

the upper part of the Belden Formation, or a thin tongue of Eagle Valley 

evaporite (Mallory, 1978).
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Mesozoic Aged Rocks

Mesozoic rocks are absent in the Italian Mountain area but a 

small wedge of Jurassic Morrison Formation rocks and Cretaceous 

Dakota Formation quartzite is preserved in the sole of the Hunters 

Hill thrust, 1 km. west of the map area.

Cenozoic Aged.. Rocks

Mid-Teritiary intrusive rocks. Quaternary deposits and Holocene 

deposits compose the Cenozoic rocks of the Italian Mountain area.

The Italian Mountain area lies near the center of a wide westward 

embayment of the most, negative gravity anomaly in the conterminous 

United States (Behrendt, 1968; Behrendt and Bajwa, 1974). Laramide 

and younger hypabyssal intrusions within the gravity low define the 

famous Colorado Mineral Belt . (Tweto, 1975). Tertiary stocks, sills 

and dikes in the Sawatch Range occupy,and sometimes obliterate thrust 

faults (Stark, 1934). Three stock-sized plutons of quartz diorite, 

granodiorite, and quartz monzonite intruded the Italian Mountain area.

The mass of quartz diorite occupies the southern and western 

flanks of Italian Mountain. Quartz diorite inclusions are found in 

the anodiorite of South Italian Mountain (Cunningham, 1973), and 

the quartz diorite is cut by dikes of quartz monzonite, indicating the 

quartz diorite is the earliest of the three intrusions in the area.

Granodiorite makes up the mass of South Italian Mountain and 

extends as a dike-like body to the southeast. The intrusion, con

sists of two phases, one a fine-grained pink granodiorite and the 

other a coarse-grained one (Cunningham, 1973).,
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The youngest large intrusion in the area is a multiple- 

phased stock of quartz monzonite porphyry. Cunningham's modal 

analyses (1973) "of this pluton fall within the granite field of 

thel.U.G.S. classification. To remain consistent with Cunningham's 

careful description of the pluton, I will retain his terminology^ 

and refer to the northern stock as quartz monzonite. The 

stock consists of a melagranodiorite border phase, a quartz 

monzonite phase, a porphyritic quartz monzonite phase, and a vent 

facies(Cunningham, 1973). Zircons from the stock have been dated at 

33.0± 1.8 m.y. by fission track methods (Cunningham and Naesser,1975). 

Fluid inclusions from quartz veinlets in the northern intrusive 

center homogenize at 435 degrees C and freezing point depression 

indicates 38%NaCi equivalent (Cunningham,1973). Using the difference 

between homogenization of the vapor and solid phases, Cunningham 

(1976) suggests a minimum pressure of 250 bars, equivalent to a 

depth of formation of 2700 m. (hydrostatic) or 950 m.(lithostatic).

Small bodies of dacite porphyry and quartz latite porphyry 

were mapped in Star Basin and near the northern border of the 

northern quartz monzonite stock. Some of the bodies have been emplaced 

in fault zones, but their relationships to the stocks are indefinite.

A body of dacite porphyry was mapped at the southern edge of, and 

probably post-dates, the northern stock (Cunningham,1976),

Quaternary or Holocene glacial deposits,., alluvium, colluvium 

landslide deposits and rock glaciers cover about 40% of the map area 

masking underlying geologic relationships: Glaciers
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created the large east-facing cirques on Italian, North Italian 

anjd American Flag Mountains. Glacial deposits in the map area are 

of iRinedale age(Cunningham, 1973), deposited more than 30,000 years 

before the present (Meierding and Birkeland, 1980). Quaternary 

glaciation was succeeded by Holocene rock glaciers and other 

Quaternary processes that continued into the Holocene.

Alluvium occupies only the narrow zone around active 

streams and the marshy area in the western area of Star Basin. 

Colluvium is thick in areas underlain by incompetent shales. If 

bedrock is very weak, large-scale failures of slopes occur, as at the 

point 200 m. north 1200 m. east. Talus slopes develop in areas of 

competent bedrock, particularly at the head and side walls of cirques.

The floors of the largest cirques are occupied by Holocene 

rock glaciers. Rates of advance of rock glaciers have been measured 

at 10 cm/year in the Elk Mountains (Meierding and Birkeland,1980) 

and rock glaciers at Italian Mountain are probably as active.

Structural Geology

Structural Blocks

Field observations show that portions of the map area contain 

rocks of similar lithology and structural fabric. The observations 

warrant dividing the map into four blocks (Fig.4 and Table 1 ) for 

purposes of discussion.

The intrusion block is composed of the three Tertiary, 

intrusive types: quartz diorite, granodiorite and quartz monzonite.



Fig. 4. Major structural blocks, Italian Mountain area.
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Table 1. Lithology and fabric of structural blocks

Block Lithology Fabric

Intrusions Igneous Massive •

Upper PS to Ml Overturned, dip steeply NE

Middle Ml and Pb Upright, strike NW-SE

Lower PS to Ml Upright, low-angle dips



The-upper, middle,.and lower blocks are composed of sedimentary 

rocks and Precambrian intrusive rocks but contain different parts 

of the stratigraphic Section. Of particular significance is the 

fact that Fremont Limestone is found in the lower block but is absent 

in the sections measured in the upper block and the fact that 

Leadville and older rocks are found in the upper and lower blocks 

while Leadville and younger rocks, are found in the middle block.

Black shales and limestones of the BeLien Formation outcrop over a 

vertical distance » of more than 600 m. on the southwest slope, of 

Italian Mountain. Deformation prevents measurement of the true 

stratigraphic thickness but the Belden Formation is probably 400% 

thicker-'here than where it was measured at Mt. Tilton, 3.5 km. northwest 

of Italian Mountain by Langenheim (1952).

The structural fabric of each of the blocks is distinctive 

(Fig.5). Jointing in the igneous rocks shows a random pattern, . 

indicating the rock's massive character. Strata in the upper block 

dip to the northeast and are overturned. Strata in the middle block 

show a variety of dips but generally strike NW-SE. The Star Mine 

is in the middle block and Roy(1973) probably citing Garrett(1950) 

indicates that the beds of Leadville Limestone dip 35-45 degrees west 

and strike 15-20 degrees northeast. The rocks of the middle block 

are upright. Lower block strata outcrop on the broad shoulder 

of American Flag Mountain where they show a low-angle dip to the 

northwest. South of the shoulder.in the valley of Spring Creek, the 

rocks dip steeply to the west. The small area of lower block rocks 

shown in the valley of Italian Creek is based on the presence of

26
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Fig. 5. Poles to bedding plots for rocks in the upper (A), 
middle (B), and lower (C) structural blocks.

Open circles show data from Prather (1961), Roy (1973), 
Zoemer (1974), and Cunningham (1976). Schmidt net, 
lower hemisphere plots.
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an upright unmineralized section of Leadville limestone at the Hope 

shaft.

Faults

Faulting in the Italian Mountain area is difficult to trace 

beneath Quaternary and Holocene deposits. Geologic and geomorphic 

features provide good evidence of faults in the Windy Gap area 200 m. 

south 2400 m. east. There is evidence.of.a strike^slip fault at 

1300 m. north 100 m. east. Topographic evidence suggests a fault 

east of the Star Mine, at 700 m. to 1300 m. north and 1500 m. east, 

and at the front of the Lime Ridge, 100 m. to 900 m. north.1200 m. 

east. Evidence for the continuation of the former fault to the 

south, across the east ridge of Italian Mountain,.is lacking in 

the saddle 1300 m. east of Italian Mountain. Twelve ’’thrust" faults 

have been exposed in. excavations, made by Livingstone at the Star Mine 

(Livingstone, 1980, personal communication) . Other short., high-angle 

faults have been mapped in the area but are not extensive.

Folds

Cunningham's (1973, 1976) maps show two northeast and two 

northwest-trending folds in the area. Roy (1973) shows four, elongate 

northwest-trending folds in the area, and Zoerner (1974) indicates 

two northwest-trending folds. Using data gathered outside the map 

area, Zoerner (1974) interprets American Flag Mountain to be the upper 

limb of a recumbent anticline. The great, variety of sedimentary rock 

attitudes measured in the middle block do not seem to fit large 

scale structures. Occasional small folds were found and
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mapped but the largest folds in the middle block are the anticline 

at the Stewart Mine and a north-northwest trending syncline with 

well developed pencil cleavage just off the map at 1200 m. south 

1100 m. east. The Belden Formation rocks are folded ( and overturned ?) 

to the northeast by the intrusion of the central stocky and Leadville 

Limestone has been plastically deformed and converted to marble 

at the east and northeast sides of the northern stock.

Breccias '

Breccias are widespread in the Italian Mountain area, 

commonly occurring near the borders of structural blocks. The angular 

to sub-angular clasts range from sand-sized grains to blocks averaging 

50 cm. across at 000 m. north 850 m. east. Commonly of limestone or 

chert, the clasts are usually cemented by calcite. At 800 m. 

south 1400 m. east, a chert breccia is cemented by silicified rock 

flour. Nearby breccias are cemented by opal and druzy quartz.

Breccias with matching chert fragments, suggestive of tectonic 

breccias ( Dietrich and Skinner, 1974), are exposed near 400 m. 

south. 1600 m. east.

Much of the mineralization at the Star Mine is interstitial 

to and replaces brecciated Leadville Limestone. The presence of 

pockets, lined with clay and filled with poorly sorted biotite-rich 

sand, in the orebody at the Star Mine leads to the conclusion that 

the breccia was the result of post-Mississipian karstification 

(Garrett,1950). In addition to limestone and chert, barite and



1000 N

000

1000 s

000 1000 E 2000 E



,1

Fig. 6. Geologic map of the Italian Mountain area, scale 1:20,000 with 100-meter grid 
overlay. See Appendix A for explanation of symbols.
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sulfide minerals are also brecciated, indicating some of the brecciation 

to be post-mineralization and therefore mid-Tertiary in age.

Layers of depositional breccia are found within the Leadville 

Limestone near the southern edge of the Sawatch Range(Johnson, 1944) 

and below a solution zone in the Italian Mountain area(Roy, 1973).

A depositional breccia with arenaceous matrix forms the Gilman 

Sandstone member at the base of the Leadville Limestone in and near 

the Italian Mountain area (Johnson,1944; Prather,1964;Cunningham,1973; 

Roy,1973; Zoerner, 1974; Wittstrom,1979.)

Mineralogy

The ninety mineral species described in Appendix C could all 

be considered to have formed around the northern intrusive center 

but for the convenience of the discussions that follow, they have 

been classified by environments of formation as minerals of the skarns, 

the intrusion halo, the lapis lazuli deposits and the hydrothermal 

deposits.

Skarns

With the exception of small amphibolite bodies near the 

southern stock, skarns (A.G.I.,1972) are limited to the borders of the 

northern stock. The skarns are dominated by the large body of garnet- 

diopside-vesuvianite rock at the summit of Italian Mountain. Smaller 

Ca-Al-Mg skarns are located at the summit of North Italian Mountain 

and at 850m. north 350m. east. The size of the skarns decreases 

proportionately with decreasing altitude. Small pods of magnetite
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Table 2. Mineral species of the skarris

Albite
Analcime ?
Andradite
Anoifthite
Apophyllite
Chabazite
Chlorite
Clinozoisite
Cbrdierite
Diopside
Edenite
Feldspar
Fluorapatite
Forsterite
Garnet
Grossular
Gypsum
Heulandite
Hornblende
Laboradorite
Laumonite ?
Limonite
Magnetite

Malachite 
Microcline 
Mizzonite • 
Monticellite ? 
Orthoclase 
Pargasite ? 
Prehnite 
Pyrite 
Pyrrhotite 
Quartz 
Sanidine 
Schorl 
Sericite 
Scolecite1 
Spinel 
Stilbite 
.Talc
Thompsonite
Titanite
Vesuvianite
Wad
Unidentified
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are found at two places at the contact of the northern stock. Cross 

and Shannon (1927) described twenty-eight mineral species in the 

Italian Mountain area, most from the summit of Italian Mountain.

Nordlie (1965), using estimates derived from the metamorphic 

assemblage assigned a temperature of 450 to 525 degrees C and a 

pressure of 300 to 750 atm. of formation to the skam at 850 m. north 

350 m. east. The mineral species found at the skarns are tabulated 

below; the list is composed largely of species from the best developed 

skarn at 000 m. north 100 m. west. The paragenetic sequence at the 

Summit shows early grossular diopside, intermediate epidote and 

vesuvianite and late zeolites. The distribution of skarn minerals is 

limited so the locations of the skarns based largely on the distributions 

of grossular and magnetite are simply shown on the distribution plots 

of minerals of the intrusion halo.

Intrusion Halo

Mineral_ species of the intrusion halo are predominantly silicates 

introduced at the time of the intrusion of the northern stock (Table

3). The distributions of actinolite^calcite, chlorite, dolomite, 

epidote, phlogopite, serpentine and wad are zoned around the stock 

(Fig 8 and Appendix B).

Lapis Lazuli Deposits

The lapis lazuli deposits (Table 4) are found near but not 

at the intrusive contact of the northern stock and are limited to a 

particular stratigraphic horizon in the Belden Formation (Truebe,1.977).
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T ab 1 g 3 Mineral Species of the

Actinolite

Allanite

Ankerite

Biotite ?

Brucite

Calcite

Carbon

Chlorite

Clay

Dolomite' 

Epidote : 

Fluorite

Halite 

Hematite 

Limonite 

Opal

Phlogopite 

Pyrite. 

Quartz 

Rhodonite ? 

Serpentine 

Siderite 

Tremolite ? 

Wad

intrusion halo



Alabandite.

Chlorite

Diopside

Forsterite

Hisingerite

Lazurite

Limonite

Pyrite

Pyrrhotite

Table 4. Mineral species of the lapis lazuli deposit

Wad
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Table 5. Mineral species of the hydrothermal deposits*

Anglesite Halotrichite

Azurite Hematite

Barite Hemimorphite

Bornite Limonite

Calcite Magnetite

Cerussite Malachite

Chalcopyrite Massicot ?

Chrysocolla Opal

Clay Pyrite

Covellite Quartz

Cyanptrichite Sericite

Dolomite Silver

Galena Smithsonite

Goslarite ? Sphalerite

Gypsum Wad

37

*List includes exotic and introduced oxide species.



38
The deposits are considered to have been formed at a minimum 

temperature of 600 degrees C, based on the reaction of diopside + 

dolomite = forsterite + calcite + carbon dioxide at 250 bars 

(Hogarth and Griffin, 1980). Locations of lapis lazuli deposits 

are shown in Figure 8.

Hydrothermal Deposits

The replacement deposits of Star Basin are the center of 

hydrothermal mineralization in the. Italian Mountain area (Garrett 

1950;Cunningham,1973;Roy,1973). Galena^sphalerite, pyrite and barite 

mineralization filled open space and replaced clasts in a 30-foot 

thick breccia near the middle of the Leadville Limestone, and 

formed pods parallel to bedding and disseminations in undisturbed 

limestones above and below the breccia(Garrett,!950). Unoxidiged 

sulfides remain on the third level (Garrett, 1950), but above the 

third level the ore was converted to a limonite gossan containing 

anglesite, cerussite, barite and a number of other species (Table 5). 

The mineral species of the hydrothermal deposits show varying 

degrees of dispersion (Fig.9). Galena, sphalerite, and sericite 

show limited dispersions while hematite, limonite, pyrite and 

quartz are widespread.
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Fig. 8. Distribution of mineral species of the intrusion halo, showing skarns and 
lapis lazuli deposits, scale 1:20,000.
See Appendix A for an explanation of symbols.
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Fig. 9. Distribution of mineral species of the hydrothermal deposits, 
scale 1:20,000. See Appendix A for an explanation of symbols.



CONCLUSIONS

Consolidation of the individual species plots can provide 

insights on the mineral zoning of the Italian Mountain area. Only 

those species that showed definite patterns were chosen from those in 

Appendix B. Species such as. calcite, limonite and wad are wide-spread 

and their distributions cannot be interpreted at the scale of the 

present study. Some species such as grossular and magnetite have 

distributions limited to the skarns and are included as skams on 

the map (Fig. 8). In the following discussion, the term occurrence 

refers to an isolated occurrence of a single species, a zone refers to 

a group of occurrences and an anomaly refers to a group.of zones.

Conclusions Regarding the Mlneralogic 
Mapping Method

The conventional approach, to mapping mineralogy is to plot 

species or assemblages, based on spatial or genetic similarities among 

species, on an overlay on a geologic map. The method used in this study 

complements the conventional technique and.it has several advantages.

While the remaining part of this section will consider 

advantages of the technique of mineralogical mapping, it should be 

remembered that the method has at least one limitation--it is imprecise 

and can only estimate, species abundances, a failing it shares with 

conventional techniques.

1) Assemblages can be readily identified as such where 

overlapping occurrences constitute a valid assemblage. Consider the

41
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lower left of Fig. 8, where distributions, of actinolite, epidote, stil- 

bite, and chlorite are shown. Actinolite+stilbite, actinolite+epidote+ 

stilbite, actinolite+epidote+stilbite, actinolite+epidot.e+chlorite+ 

stilbite, chlorite+epidote+stilbite, or epidote+stilbite assemblages 

can be identified. The assemblages indicate, there is a pressure, tem

perature or chemical potential gradient from the less altered rocks in . 

the southwest toward the skarn in the northeast.

2) The technique provides a method.of mapping all species in a 

relatively efficient manner since it is amenable to electronic data pro

cessing. In this study ninety mineral species were mapped to an 

accuracy of ±50 m., over an area of almost 9 square kilometers in one 

field session.

3) The method encourages recognition of. concentrations of 

individual species. A case in point is the stilbite anomaly, in the same 

area as the actinolite and epidote anomalies described above (Fig. .8). 

Field relationships show the stilbite is late and its distribution 

crosscuts those of epidote and actinolite.

4) Mapping the distributions of individual species allows 

quick recognition of potential geochemical anomalies. Distributions 

of metal sulfides are obvious indications, of geochemical anomalies 

of the various cations. For example, apophyllite and apatite may 

contain fluorine and their presence in the skarn on. Italian Mountain 

suggests that it contains fluorine. Analyses of epidote and 

vesuvianite from the skarn show 0.35% and 0.58% fluorine, respect

ively (Cross and Shannon, 1927). The presence of fluorian 

edenite in skams of the South Italian Mountain intrusion
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implies the presence of fluorine there. Yet the absence of widespread 

fluorite in either location suggests that the fugacity of fluorine 

was low. Zoning of crystals, collected at the Summit, from 

epidote at the base to clinozoisite at the tip, suggests a 

depletion in ferrous iron in mineralizing solutions with time. 

Cunningham's (1976) fluid inclusion studies show a similar change 

from Ca-rich to K-rich fluids with time.

5) Changes in species morphology may be as important as species 

abundance. (Williams and Cesbron,1977). These changes can be included 

in field observations and can be used to create mineral morphology 

maps analogous to species distribution maps.

6) Distributions of individual species provide stratigraphic 

guides where better guides are lacking. Lazurite and carbon are found 

at distinct stratigraphic horizons in the Belden Formation and can

be used to indicate position in an otherwise monotonous strati

graphic sequence.

Conclusions Regarding Distributions of Species 

Three features stand out on the maps of species distributions; 

a well defined circular anomaly in the western portion of the map, a 

less well-defined circular anomaly in the eastern portion of the map 

and a linear anomaly in the southeastern portion of the map (Fig.8). 

The mineralogy of zones within the anomalies can be clearly related 

to host rock types. (Table 6).

The well-defined 2 km. diameter anomaly in the western portion 

portion of the map area is centered on the northern intrusion, the
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Table 6. Relations of rock type to zone mineralogy

A Epid Ch + Bi A
B ? Serp Phlo B_
C Mag Marb ? Bm Rep C
D Pyrr Pyri Pyri D
E Skarn Horn E
F Epid Ch + Bi F

Mineralogy

Act = Actinolite
Bm Rep Base-metal replacement deposits
Ch + Bi = Chlorite and Biotit#
Epid Epidote .
Horn = Hornfels
Mag = ' Magnetite
Marb ■ ss Calcite or dolomite marble
Phlo Phlogopite
Pyri Pyrite
Pyrr = Pyrrhotite
Serp Serpentine
Skarn Ca-Al-Mg skarns

Rock Types
A Precambrian porphyritic quartz monzonite
B = Pre-Leadville dolostones
C =. Leadville Limestone
D = Belden shale
E Mixed shales and limestones of Belden Formation
F = Quartz diorite



45
last stock to have been intruded. The innermost zone is represented 

by Ca-Al-Mg skarns and magnetite bodies in the wallrocks and xenoliths 

of the stock. Grossular, diopside and vesuvianite are abundahffl 

in skarns formed in the mixed limestones and shales of the Belden 

Formation while massive magnetite bodies form in the limestones.

The phlogopite zone,with scattered serpentine occurrences, surrounds 

the skarns. Phlogopite occurs only in dolostones; there is a 

conspicuous gap in the phlogopite zone at the southern end. Here 

wall rocks are carbonaceous shales of the Belden Formation and 

no aluminous equivalent of phlogopite (andalusite ? .) was found. 

Continuing around the anomaly, into the quartz diorite, actinolite 

occupies the place of phlogopite. In the same host rock, the actinolite 

is surrounded by an epidote zone; and both the epidote and the . 

actinolite zones butt the southeastern boundary of the quartz diorite.

A chlorite anomaly that coincided with the epidote anomaly in the 

quartz diorite extends into the granodiorite to the southeast, the 

northeastern boundary of the chlorite, coinciding with the contact 

of the granodiorite with the shales. The chlorite anomaly north 

of the phlogopite zone on the north side of the northern intrusion 

at 1300 m, north 500 m. east is in Precambrian porphyritic quartz 

monzonite.

A second interesting feature of the western anomaly is that 

it has overprinted anomalies associated with the earlier granodiorite 

or quartz diorite intrusions. Only the amphibolite bodies at the . 

contact of the granodiorite with the Belden Formation indicate a 

halo around earlier intrusions.
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A"large anomaly, defined by zones of epidote and chlorite, 

adjoins the anomaly described above on its eastern side. The epidote 

and chlorite zones are limited to Precambrian rocks, in an area 

covered with glacial debris and having few outcrops. Sedimentary 

rocks inside the chlorite and epidote zones show scattered sericite, 

pyrite, galena, sphalerite, barite and.quartz occurrences. A ring of 

pyrite zones occupies the southern and western walls of Star Basin 

from about 300 m. north 1200 m. east to 1400. m. north 1000 m. east .

Quartz and barite scattered along a dip slope of the Leadvilie 

Limestone in the southeastern part of Figure 9 . constitute a linear 

anomaly. In the east and central parts of the anomaly, quarts in 

aggregates of orange micros-crystals, forms jasper bodies; at the 

western end of the anomaly drusy quartz and white opal cement breccia. 

Barite is most abundant on the.eastern end of the anomaly and its. 

abundance decreases to the west. A small zone of galena is found near 

the Stewart Mine.

Implications of Distributions to Geology 

The distribution of mineral species in the Italian Mountain area 

is controlled by the positions of the intrusions and the distributions 

of minerals can be used to draw inferences about the northern stock, a 

possible extension or another intrusion to the east, and the perme^ 

ability of rocks around the intrusion.

Crossecutting relationships, show that the northern stock 

is the youngest of the three major intrusions in the Italian 

Mountain area. In the absence of crosscutting relationships
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the mineral zoning could be used to show that the northern intrusion 

was the youngestc

Magnetite bodies and skarns formed at the contact of the 

northern intrusion serve to define the contact in areas where it 

is covered.Earlier authors placed the eastern boundary of the 

northern intrusion far west of the marble ridge at 900 m. east. The 

magnetite body at the western base of the ridge indicates the 

intrusion occupies the entire basin and trends strongly east-west 

almost perpendicular to the north-northwest trend established 

by the earlier stocks.

That the northern stock extends even further east, plunging 

beneath the ore-deposit of Star Basin, is implied by the presence 

of magnetite in the Star orebody and the epidote and chlorite zones 

to the east. The presence of porphyyitic quartz monzonite felsenmeers 

(Cunningham, 1973) and saprolite resembling porphyritic quartz 

monzonite at the Star Mine (Livingstone, 1980, personal com

munication) , suggests that the northern stock extends to the east. 

Since there are no outcrops of Tertiary porphyritic quartz 

monzonite in the immediate vicinity of the epidote and chlorite 

zones, alternative explanations should be examined.

The first is that the epidote and chlorite zones are anomalies 

surrounding Precambrian intrusions. This hypothesis is supported 

by the facts that the anomalies are limited to the Precambrian rocks 

and that the epidote concentrations are highest near, but not in, 

the granitic intrusion at 100 m. north 2200 m. east. A second
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alternative explanation is that the chlorite and epidote 

zones and the alteration and mineralization associated with the ore 

deposits in Star Basin are associated with an unexposed pluton, 

centered near 700 m. north .1900 m. east at the geometric center 

of the chlorite and epidote zones. An epidote zone at 1300 m. 

north 500 m. east, centered on a small plug of dacite porphyry.. 

supports this hypothesis.

The last anomaly, the linear quartz and barite zones on American 

Flag Mountain, may be considered to be a halo to the hypothetical 

extension of the northern stock or the hypothetical unexposed pluton, 

but the coincidence of this anomaly with the boundary of the structural 

blocks in an area of brecciation suggests that it is a zone of higher 

permeability along which circulating groundwater or hydrothermal 

fluids deposited the quartz and barite. The zone parallels the dip 

slope of the Leadville Limestone in the lower structural block. An 

elongated zone of pyrite occurrences along the western margin of 

Star Basin is also at the boundary of two structural blocks in an 

area of brecciation. The curved nature of this zone implies that 

it is a flat-lying zone of permeability extending toward the northern 

stock. Both the linear-quartz-barite anomaly and the pyrite zones suggest 

the boundaries of the structural blocks are flat or dip at a low 

angle to the northwest.



DISCUSSION

In order to complete this work some questions simply had to 

be left unanswered; it may be worth mentioning them as suggestions 

for further work.

The first is that there.are still questions about the kinds 

and locations of faults in the Italian Mountain area. There is little 

agreement among geologists about the structural geology of the 

area and my work indicates that an interpretation recognizing low- 

angle faulting may resolve some of the disagreement.

Another question mentioned only briefly is that of the age 

of the Elk Mountain thrust. It is generally considered to be of 

Paleocene age (Late Laramide), but it might be as young as 

Oligocene.

Finally my suggested technique of mineralogic mapping was 

successful and it can lead to conclusions about an area's geology, 

as shown in the Italian Mountain area. It's applicability to other 

locations remains to be tested.
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APPENDIX A

EXPLANATION OF SYMBOLS USED IN ILLUSTRATIONS

Legend for figures 1 and 2

Sedimentary rocks
+ + + + •«• + + i +.+ + + + + +,

.

<■ * * * <■!

Tertiary intrusions 

Precambrian rocks

Low-angle faults, teeth on upper plate 

High angle faults, ball and bar down

Legend for figure 3

Pb

Mi

Dc

Of

Om

€s

PS

Pennsylvanian Belden Formation 

Mississipian Leadville Limestone 

Devonian Chaffee Formation 

Ordovician Fremont Limestone 

Ordovician Manitou Dolostone 

Cambrian Sawatch and Peerless Formations 

Precambrian rocks

50



51

Legend for figures 6 and 7

Quaternary deposits, colluvium, alluvium, talus, 
morraine, rock glaciers, landslides etc.

: . ,
N? j-p Tertiary intrusion, hypothetical, see text

Tertiary dacite porphyry and rhyodacite dikes

\ TTqX / ' Tertiary melagranodiorite, quartz monzonite,
\ X' ̂  /W: porphyritic quartz monzonite,and vent facies

of the northern Stock.

Tertiary quartz diorite of the central stock

Pennsylvanian Belden and Gothic Formations

Mississipian Leadville Limestone

Cambrian through Devonian, pre-Leadville 
Limestone rocks

■ 7
PreCambrian gneiss, schist, porphyritic quartz 
monzonite;and granite

Boundary of structural block

Small fault showing dip

Breccias

Dip and strike of bedding 

Dip and strike of joints 

Anticline, syncline
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Legend for figures 8 and 9

Mapped mineral species zone boundary 

Approximate mineral species zone boundary

Isolated mineral species occurrence 

Skarn

Lapis lazuli deposit 

A Actinolite 

B Barite 

C Chlorite 

E . Epidote 

G Galena

P Phlogopite (Fig. 8)

P Pyrite (Fig. 9)

Ph Pyrrhotite 

Q Quartz

- S Sericite (Fig. 9)

S Serpentine (Fig. 8)

Sp Sphalerite 

St Stilbite

" ^ x
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Legend for Appendix B

. Species absent or outcrops absent 

Species present at detection level to 1% (vol.) 

+ Species common, 1% to 9%

* Species abundant at 10% to 100% (vol.)



APPENDIX B

DISTRIBUTION MAPS OF SELECTED MINERAL SPECIES

All figures at scale of 1:20,000
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APPENDIX C

DESCRIPTIVE MINERALOGY OF THE ITALIAN MOUNTAIN AREA

The following section is devoted to a catalog of mineral 

species found in the Italian Mountain area. It presents information 

gathered in this research, indicates work done by others, gives 

the habits of the various species, and gives criteria used for 

the identification of species.. Species terminology is from Fleischer

(ipso). r

Actinolite

Actinolite occurs as felted masses of green crystals about 1 mm. 

long coating walls and filling fractures in quartz diorites, as 

small masses of needle-like crystals about 1cm. long in skarns at the 

Summit, as "uralite" replacing earlier-formed pyroxenes along 

fractures in quartz monozites an<4 as:fine hair-like "byssolite" 

with epidote at the Summit .Ac t ino 1 i t e is most common in the quartz 

diorite, within 300 m. of the southwestern boundary of the porphyritic 

quartz monzonite. It is less abundant in the porphyritic quartz 

monzonite. ..-Although Cross (1887) mentions uralite . at several 

places in the "granite".
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Alabandite, a grey mineral with greenish internal reflections 

has been identified in the cores of pyrite grains using microprobe 

analysis (Hogarth and Griffin, 1980). Recalculation of the analysis 

indicates the material is probably Fe-elabandite. The samples in which 

alabandite was identified came from the lapis lazuli deposits on North 

Italian and Italian Mountains.

Albite-

Cross and Shannon (1927) give optical data for albite in the 

Italian Mountain area; they describe pale pink crusts of albite on 

fractures in altered diorite, and describe and illustrate albite with a 

"peculiar flat habit" (1927, p. 25, and Figs.:10 and 11). X-ray dif

fraction data.on apparently zoned crystals collected near the Summit 

give d-spacings of 3.21 (10), 3.36 (5), 3.78 (3), 4.26 (2), 6.42 (2) and 

4.02 (2), indicating the material is albite (low), mixed with unidenti

fied material. Examination of,a thin-section of the aggregated crystals 

showed the apparent zoning..was due to partial alteration of the crystals 

to sericite. The albite fluoresces bright red in SW ultraviolet light.

In a small pocket near the Summit, bright crystals of albite 

less than 2 mm. in size are associated with epidote and quartz. 

Distribution of albite recognizable in hand samples is limited to the 

Summit area.

Allanite

A 1 mm. tabular, black, twinned crystal in a vug in granite was 

identified as allanite by comparison with an illustration in

Alabandite
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Roberts, Rapp, and Weber (1974). Destruction of. the only specimen for 

confirmation did not seem justified. The sourcezof the allanite is 

about 100 m. north 700 m west.

Analcime ?

Cross and Shannon (1927)' optically, determined the presence of 

analcime (?) ' In samples of mizzonite from near the Summit; it was not 

recognized macroscopically in this work.

Andradite

A dark red-brown garnet in crystals to 3 cm. is common, asso

ciated with epido.te and prehinite, at the contact of the northern stock 

and hornfels formed from metamorphosed Belden shales on the crest of the 

ridge extending northwest from the Summit. The index of refraction.of 

the garnet, n = about 1.883, falls within the range for natural and

radite (Heinrich, 1965). Distribution of the andradite is limited to 

the area along the contact described above. Andradite is not found along 

the contact of the same Belden Formation•rocks and the quartz diorite.

Anglesite

Anglesite is the principal ore mineral at the Star Mine where 

it forms anhedral milky grey grains in limonite gossan. Its distribution 

is limited to oxidized portions of the replacement orebodies.

Ankerite

Cross and Shannon (192.7) describe saddle-shaped crystals of 

what is probably ankerite in a 4 to 5 cm vein in impure limestone, but 

they give no location.
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A large amount of anorthite is present in the skarn at the Summit 

of Italian Mountain, though it is not as abundant as garnet or diposide. 

Cross and Shannon (1927) describe anorthite as being early and note 

that it molds an earlier rhombic mineral.

Apophyllite

White crystals with apparent octahedral and cubic faces were 

found in vugs in Belden Formation limestones at a point along the east 

ridge of Italian Mountain. The material was found to be biaxial-, with 

omega = 1.536 and epsilon = 1.531. These characteristics, in con

junction with one direction of cleavage, the white color, and pseudo

isometric morphology indicate the mineral is apophyllite (Hurlbut and 

Klein, 1977), or a member of the apophyllite group (Fleischer, 1980)..

White crystals, 0.5 mm. in size with larger (100) faces, occur on 

diopside crystals near the summits of Italian Mountain and North 

Italian Mountain. These crystals are probably pseudomorphs of an 

unidentified species after apophyllite.

Azurite

Bright blue grains of azurite are associated with malachite 

and chrysocolla in gossans at the Star Mine and X-10-U-8 Mine.

Barite

Barite is widespread in the Leadville Limestone in the 

eastern part of the map area. It commonly forms masses of white 

bladed crystals averaging about 5 cm. in diameter; the crystals

Anorthite
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cement breccia, are themselves brecciated, surround sulfide ore 

minerals and are sometimes included in pyrite masses. The barite is 

sometimes included in pyrite masses. The barite is associated with 

calcite and crosscutting calcite veinlets indicated the barite was 

earlier. At 800 m. north. 1900.m. east, barite replaces zebra- 

textured dolostone.

Golden barite was found in three sample spaces;.1200 m. north 

1300 m. easts 1100 m. north. 1200 m. east and .Q0D.m. north .2700 m.. 

east. It forms simple tabular crystals on walls of open spaces in 

replacement orebodies.

Cross and Shannon (1927) describe zoned barite crystals to 

8 mm. in size on a. fracture in metamorphosed sedimentary rock and show 

a photograph of the specimen, but they give no location.

Biotite ?

A nondescript black material interstitial to quartz grains 

in altered Precambfian porphyritic quartz monzonite was recognized 

early in the sampling program. and was designated "unidentified D". 

X-ray patterns could not be deciphered but a very fine-grained 

( <.01 mm.) pleochroic, greenish-brown mica, associated with 

pseudomorphs of an equally fine-grained colorless material after 

plagioclase was seen in thin-sections^ The black material probably 

owes its color to the presence of biotite. More easily recognized 

secondary biotite was noted in intrusive rocks near their contacts with 

secondary rocks.
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Roy (.1973) notes the presence of bornite at the New Star 

(X-10-U-8) Mine.

Brucite ?

Finch (1967) describes brucite (?) associated with serpentine, 

cal cite and forsterite in marble at 1100. m. north 100 m. east, near 

the magnetite prospect on North Italian Mountain.

Calcite

Simple rhombs (1011) and . (022.1) , "nailhead" rhombs (0112), 

prismatic crystals (1010), "dogtooth" scalenohedra (2131) and highly 

modified scalenohedra of calcite. were observed in the map area.but an 

effort to recognize changes in calcite crystal morphology throughout 

the area was thwarted by the lack of euhedral. crystals.

Interfacial angle measurements made on a crude soloecite cast 

of rhombohedral mold in anorthite indicate (1011) A (1101) = 67 degrees. 

The corresponding' angles in calcite, dolomite and siderite are 74*55', 

73°15' and 73000' (Hurlbut and Klein, 1977), so I suspect my . 

measurements are in error. The presence of large, mono-crystalline 

grains in other rhombohedral vugs in anorthite suggest, the calcite 

is relict and was present before deposition of the anorthite.

Calcite forms huge masses of marble such as the ridge at 100 m. north 

to 800 m. north 900 m. east, fills fractures in carbonate rocks 

throughout the map area and cements braccias. White crusts on rocks 

of the mountain summits are largely calcite. Cross, and Shannon (1927) 

illustrate a calcite scalenohedron from an unspecified location.

Bornite
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Carbon (not a valid species)

Amorphous carbon, formed by partial metamorphism of carbon

aceous shales in the (lower ?) Belden Formation, was noted in 14 

scattered sample spaces. The best development of carbon is at the 

summit of North Italian Mountain where it was described as graphite 

(Cross and Shannon, 1927) but was found to be amorphous by a company 

that prospected the deposit.

Cerussite

White, needle-like crystals found in vugs in barite at 

the Star Mine and in limonite gossan at a prospect 100 m. 

northeast of the'Stewart Mine were determined to be high in lead 

using the Vreeland specrometer. Crystal habit, environment and 

lead content indicate the mineral is cerussite. Roy(1973), probably 

citing Garrett(1950), describes the oxide ore at the Star as cerussite 

with significant Ag in the crystal lattice.

Chabazite •

Two to five mm. white to colorless rhombohedral crystals 

and penetration twins of chabazite were noted in four sample spaces 

on Italian Mountain and one sample space on North Italian Mountain.

The chabazite is commonly found on fracture surfaces and on 

earlier-formed silicate minerals, but a 20-cm. diameter vug filled
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withvchabazite and quartz sand was opened near the Summit. Cross 

and Shannon (1927 show a photograph of chabazite and indicate 

its refractive index is about 1.482 to 1.484.

Chalcopyrite

Fine anhedral grains of chalcopyrite were found associated 

with pyrite at the Star Mine, the X-10rU-8 Mine and a prospect at 

900 m. north 900 m. east. A small amound of chalcopyrite is 

associated with pyrite at the Anderson lapis lazuli prospect.

(Hogarth and Griffin,1980). Geochemical analysis, of pyrrhotite 

hornfels at 100 m north, 300 to 400 m. west, indicated 1000 

ppm Cu (Skyline Labs, 1970). The high iron and sulfur content 

of the hornfels implies that the copper is in chalcopyrite, but 

chalcopyrite was not recognised at the outcrop.

Chlorite (Group name)

Green micaceous material grains were identified using the 

group name chlorite and were found to be widespread in the map 

area. Cross and Shannon (1927) give some optical data and describe

penninite and an iron-free chlorite from the Italian Mountain--- v

area, Hogarth and Griffin (1980) describe colorless radiating 

groups of chlorite with outwardly decreasing iron content, from

the Anderson"prospect. Andj/'ripidollte" (=fefroan blinochlbre)is listed 

in a catalog of specimens from the Italian Mountain area U.S.N.M.

1899). Chlorite is scattered throughout the map area and sharp
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crystals about 5 mm.' in diameter can be found in marble at the 

Summitj but the most abundant development of chlorite is at the 

eastern end of the east ridge of Italian Mountain. Here it forms 

up to an estimated 20% of the volume of the Precambrian porphyritic 

quartz monzonite, replacing biotite and other ferro-magnesian 

minerals and filling fractures, Very little chlorite is found 

in the Precambrian granite at the same locality.

Chrysocolla

A glassy, sky blue mineral associated with malachite at 

the X-10-U-8 Mine is probably chrysocolla.

Clays (Field term)

An effort was made to distinguish clays in the field, largely 

on the basis of hue, but it was abandoned. A dark-brown clay 

filling fractures in the northeast Side of the South Italian 

Mountain pluton was shown by X-ray diffraction to have a 3-layer 

structure of the mixed i11ite-montmori1lonite type, "...veinlike- 

aggregates of saponite with packets of fibers in random orientation" 

(Hogarth and Griffin,1980,p.64) were found to have a smectite 

structure and the electron microprobe indicated a composition 

of saponite (Hogarth and Griffin,1980). A pale blue clay (?) 

was not identified. Other occurrences of clays were noted as 

alteration products of feldspars subjected to hydrothermal 

alteration of weathering and as fillings in fractures.
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A glassy, tan mineral, showing a radial or fan-like 

habit has been identified as clinozoisite (Murphy,1974, personal 

communication); clinozoisite is common at the Summit and less 

common at the summit of North Italian Mountain. Aggregates of 

crystals under 1cm. in length are composed completely of 

clinozoisite. In aggregates of larger crystals, the lower portions 

of the crystals are greenish and probably epidote. -

Small, pink prismatic crystals about 2 mm. long were 

found in scolecite in a granet-lined fracture near the 

Summit. The crystals had indices of refraction in the range of 

clinozoisite and the pink coloration suggests the material is 

manganiferous clinozoisite rather than piemontite.

Cordierite

k large part of a thin-section of rock collected: near'the 

Summit is composed of cordierite associated with diopside, plagioclase, 

pyrite and magnetite (Finch,1967).

Covellite

Covellite is reported in the ore at the Star Mine (Livingstone, 

1981 personal communication. )

Cyanotrichite

Several specimens of blue acicular micro-crystals in gossan 

from the Star Mine (probably the X-10-U-8) were identified as

Clinozoisite
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cyanotrichite by Bruce Benthin, using x-ray diffraction techniques 

(Murphy, 1975, personal communication).

Diopside

The distribution of diopside is limited to several places 

along the contact of the northern intrusion and surrounding sedimentary 

rocks. Diopside is nowhere abundant except at the summit of Italian 

Mountain where masses of diopside rock make up 5% or more of the 

skarn body. The diopside rock exhibits varying degrees of 

crystallinity from a dense dark-green hornfels to a porous pale-green 

rock composed of 3-4 mm. diopside crystals welded at their points of 

contact. Crystals of diopside up to 3 cm. long and commonly contact 

twinned (on 100) develop in open spaces in the hornfels. The diopside 

has been analysed chemically, measured crystallographically, studied 

optically, illustrated, and photographed by Cross and Shannon, (1927).

A small amount of diopside is found as rounded grains in calcite 

at the lapus lazuli deposits (Hogarth and Griffin, 1980).

Optical properties and morphological data indicate a 

blackish-green pyroxene with granular to prismatic habit to be sahlite 

Cross and Shannon,(1927). They give no locality but material fitting 

their description can be found 200 meters west.of the Summit.

Dolomite

Dolomite rarely forms recognizable crystals so it was identified 

in the field by the effervescence of its powder with 10% HCl. It forms 

bodies of dolomite marble, fills fractures, and cements breccias in 

dolostone - analogous to the habits of calcite in limestone.
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A small body of amphibolite is found at the contact of the 

granodiorite stock of South Italian Mountain with the surrounding 

Belden Formation. X-ray diffraction indicates the material has d-spacings 

of 2.81(2), 3.14(7),3.28(2), 8.41(10) and 10.09(3) angstroms, closely 

matching those of fluorian edenite. Pleochroism (tan to green),optic 

sign (+ ?) and birefringence (0-025) determined from a thin-section 

support this conclusion.

Epidote

Epidote is best developed near the Summit where it displays 

several habits, but it is also found filling fractures and replacing 

feldspars in Precambrian rocks and in quartz diorite. At the Summit 

epidote forms isolated, lustrous crystals about 1cm long associated 

with andrite slightly divergent clusters of lustrous dark green 

crystals in diopside hornfels, 2 mm. black tabular crystals with 

quartz and plagioclase and the basal parts of clinozoisite crystal 

groups described earlier. Cross and Shannon (1927) give optical 

data and analyses, including one that shows 0.35% F. Epidote in 

the quartz diorite is confined to a band 400 m. to 600 m. from the 

porphyritic quartz monzonite of the northern pluton. Distribution 

of epidote is scattered in the Precambrian rocks.

Edenite
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Feldspar

An unspecified feldspar occurs on fractures in "granite"

(Tqm) along the northwest ridge of Italian Mountain associated 

with quartz, titanite, biotite and magnetite (Cross,1887).

Fluorapatite

The apatite found, in association with sahlite at an 

unspecified location in the Italian Mountain area (Cross and Shannon, 

(1927, is probably fluorapatite. The crystals are described as yellowish 

white to colorless, transparent and up to 3 mm. in diameter and'6 mm. 

in length. Typical crystals are illustrated (Cross and Shannon, 1927).
T

Fluorite

A purple, isotropic mineral with four directions of cleavage 

was found as anhedral clots associated with biotite in Precambrian 

porphyritic quartz monzonite near the east end of the east ridge of 

Italian Mountain. The mineral is fluorite.

Forsterite

Olivine associated with lapis lazuli deposits has been 

found to be nearly pure forsterite (Hogarth and Griffin,1980). Forsterite 

or probably forsterite was described in rocks collected at the summit 

of Italian Mountain, at 800 m. north 300 m. east, and at 1000 m. 

north 100 m. west (Finch, 1967).
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Galena forms anhedral grains associated with barite 

and sphalerite in unoxidiged portions of replacement orebodies. The 

distribution of galena is identical to that of sphalerite except 

that sphalerite is found in trace elements at the lapis lazuli deposits 

(Hogarth and Griffin, 1980) and sphalerite is not found at the two 

galena occurrences in Stewart Basin.

Garnets ( Group name)

Garnets in the Italian Mountain area are commonly isomorphous 

mixtures of grossular and andradite. Some spessartine molecule was 

found in garnets analysed by Hogarth and Griffin(1980) but only a 

trace of manganese is indicated in three analyses by Bakins (Cross 

and Shannon, 1927). One of these indicates a buff-colored garnet 

to be 86% grossular and 14% andradite; and another, of bright yellow 

garnet from North Italian Mountain, gives a composition of 60% andradite 

and 40% grossular. (Cross and Shannon,1927). For purposes of field 

mapping, buff-colored garnets were considered to be grossular and 

dark-colored garnets were considered to be andradite. Other colors 

observed in garnets of the skarns are black, brown, red, pink,yellow 

and green.

Garnets form massive garnet rock,garnet-diopside homfels, 

aggregates of crystals up to 4 cm. in diameter, shells of pipe-like 

bodies filled with later vesuvianite and zeolites$and in one case, 

exsolution layers in vesuvianite crystals. Distribution of garnets

Galena
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is confined to skarns at high elevations on the western margin of 

the northern pluton.

Goslarite ?

An unidentified zinc sulfate occurs as white powder in the 

replacement orebodies of the Star Mine (Livingstone, 1981, personal 

communication). Et may. be the hydrated zinc sulfate goslarite.

Grossular

The most common garnet species in the Italian Mountain 

area is grossular and the best examples of the species are found at 

the summit of Italian Mountain. Crystals commonly exhibit dodecahedral 

faces (110) modified by the hexoctahedron (321). Large crystals are 

opaque while smaller crystals are transparent and sometimes tinted 

reddish.The index of refraction of a Very clear crystal from the north

west ridge of Italian Mountain was 1.745 + or -.0002, which corresponds 

closely with an index of 1.747, calculated by Cross and Shannon (1927) 

for a garnet composed of 86% grossular and 14% andradite. Finch(1967) 

describes apple green and brown grossular,associated with calcite, 

epidote, scolecite, plagioclase, chabazite and montecellite (?) 

from the Grossularite Prospect, at 750 m. north 750 m. west.

Gypsum

White crusts and monoclinic micro-crystals of gypsum are 

found associated with limonite crusts in areas of oxidising iron

sulfides.
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Halite,sylvite, hematite, anhydrite and seven other daughter 

minerals have been recognized in secondary fluid inclusions from the 

three stocks. (Cunningham,1976).They are noted here for the completion 

of this catalog.

Halotrichite ?

A white, water-soluble,pulverent species with an astringent 

taste is found on weathering pyrite and other sulfides at the Star 

Mine. X-ray diffraction work indicates d-spacings of, 1.92 (10),

3.13 (10), 3.96(5), 4.46(7), and 5..43.(6) angstroms, but no match could 

be made. I suspect the material is a mixture of hydrated iron and 

zinc sulfates, perhaps containing halotrichite.

» '
Hematite

Red, earthy hematite, is found as stains in fractures and as 

gossans formed from oxidizing iron sulfides. The distribution of 

hematite is less widespread than that of limonite and is localized 

near intrusive contacts and replacement orebodies.

Specular hematite has been found associated with vesuvianite, 

thompsonite, and sahlite (Cross and Shannon,(1927). and associated 

with epidote on fractures in quartz diorite.

Hemimorphite

Glassy transparent striated orthorhombic blades about 1 mm. 

long were identified as hemimorphite by spectrographic determination

Halite
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of zinc .content by comparison to hemimorphite micro-mounts. Hemimorphite 

is associated with anglesite in gossan along a vein near the Stewart 

Mines.

Heulandite

Heulandite is easily recognised by the pearly luster on its 

"coffin-shaped" cleavage faces. It typically forms small crystals 

to about 2 mm. and larger crystalline masses in association with 

mizzonite and andradite. Cross and Shannon (1927) give optical data.

The distribution of heulandite is limited to three sample 

spaces west of the Summit, it is particularly common at 100 m. south 

300 m. west.

Hisingerite

Hisingerite was identified and described as sometimes concentric 

growths surrounding pyrite in samples from,,the Anderson Prospect (Hogarth 

and Griffin, 1980).

Hornblende

Dark green crystals were noted along walls of quartz monzoninte 

dikes cutting quartz diorite, and were identified as hornblende in 

thin-section. Hornblende was also noted along fractures in quartz 

diorite and in northern stock near its contact with surrounding 

sedimentary rocks.
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Ice

In parts of the Italian Mountain area snowfields remain for 

periods of several years. At the head of the cirque north of Italian 

Mountain a permanently frozen lake is only occasionally exposed 

beneath She.snow covera and ice probably forms the core of the rock 

glacier there. At the Summit, all pits in excess of 2 m. deep encountered 

permafrost.

Labradorite

Finch (1967) found labradorite occurred in altered “sedimentary 

rocks within 30 cm. of the* contact with northern stock at 850 m. north 

450 m. east.

Laumontite ?

Altered monoclinic crystals of a mineral with a habit resembling 

wooden matchsticks were collected in 1975. Oriented growths of the 

material are found in rhombohedral vugs in anorthite and disoriented 

growths are found in association with yesuvianite, grossul^r,prehnite 

and other species. X-ray diffraction, patterns indicated undecipherable 

d-spacings of 2.88 (10),3.24 (8),4.62 (6), and 6.58 (9), probably a 

mixture of the original species with an alteration mineral. Grain 

mounts of the material are opaque. The morphology and environment 

suggest the mineral is a pseudomorph of a zeolite, perhaps laumontite.

Its distribution is limited to the skarns of the Summit area.



83

Grain mounts of ground lapis lazuli from Italian Mountain 

showed intensely blue grains less than 6.05 mm. in diameter. The material 

'is isotropic with 1.500 n 1.510. The intense color and small grain 

Size make a close match impossible but the index is closer to that 

of lazurite than hauyne. A more positive identification is provided 

by probe data (on equally small grains) obtained by Hogarth and Griffin 

(1980). Usually less than 10% of even the bluest lapus lazuli, lazurite 

is associated with calcite, diopside, forsterite and pyrite. Lapus 

lazuli has been found in 10 sample spaces clustered on the southeast 

side of Italian Mountain and the north side of North Italian Mountain.

Limonite (Field term)

Botryoidal brown goethite, yellow-brown jarosite and flaky 

red-brown lepidocrocite could be distinguished at some places in the 

map area- but not all; so for purposes of this study they were all 

considered limonite. Wherever iron-bearing minerals, particularly iron- 

sulfides; have.been weathered,limonite is oresent, sometimes in 

considerable quantity. With the exception of calcite, limonite is the 

most widespread mineral in the Italian Mountain area. Limonite extends 

to the boundary of the map area, but it appears to form a halo in the 

sedimentary rocks within 2 km. of the northern intrusion. The halo 

is not developed in the Precambrian porphyritic quartz monzonite.

Lazurite
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Magnetite is disseminated in the Precambrian quartz monzonite 

and concentrated in limestones, at the contact with the northern 

stock. It is probably an original constituent of the Precambrian rock. 

Two small.pods of magnetite, each less than 10 metric tons, have been 

exposed in prospects at 1050 m. north 50 m. east and 450 m. north 

850 m. east. Sharp octahedral crystals to ±lcm. in size and pseudomorphs 

of magnetite after (specular hematite ?) have been found at the Summit. 

Livingstone (1981, personal communication) reports magnetite at the 

Star Mine, where it replaces pyrite Roy,(1973) .

Microcline . ..

An unusual specimen consisting of blocky k-feldspar crystals 

averaging about 5 mm. associated with colorless quartz crystals was 

found as float at 50 m. south 350 m. west. The material resembles 

pegmatite microcline, but its identity was not confirmed.

Malachite

The most common copper-bearing mineral in gossans at the 

Star Mine and X-10-U-8 Mine is malachite. Green stains noted along 

the northern contact of the northern intrusion are probably malachite.

Massicot ?

Pulverent yellow lead oxide has been noted at the Star Mine 

(Livingstone," 1981, personal communication.) It may be massicot.

Magnetite
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Scapolite is concentrated along the contact of the northern 

stock with the Belden Formation, about 300 m. west of the Summit.

Here intergrown white sheaves up to 10 cm. long are associated with 

andradite and epidote. Cross and Shannon (1927) identify the scapolite 

as..mzzQnite and give optical data, analyses and a photograph.

Montecellite ?

Finch (1967) tentatively identified monticellite from the 

Grossular Prospect and the Summit.

Opal

White opal cements breccia in three sample spaces, 1000 m. 

south 1300 m. east,1100 m. south 1200 m. east and 1100 m south 

1300 m. east.

Orthoclase

Optical data identify 3 mm. rhombohedral-appearing crystals on and 

replacing anorthite as orthoclase (Cross and Shannon, 1927). The 

orthoclase is associated with epidote, titanite, and pyrite. A chalky 

mineral, having the optical characteristics of the orthoclase variety 

adularia replaces anorthite in specimens from the Summit (Cross and 

Channon, 1927).

Pargasite ?

An intergrowth of iron-stained, white crystals resembling

Mizzonite
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(long-sought) wollastonite was found near the Summit. X-ray diffraction 

indicated d-spacings of 2.71(2),3.13 (10),3.28 (3), 4.21 (2) and 8.43(7), 

a good match for the amphibole group mineral pargasite. The color and 

crystal habit of the specimen make this identification tentative.

Phlogopite

A sea-green, earthy mineral, designated unidentified A and grey4 

green mineral designated unidentified B, were found in and-, disseminated 

adjacent to fractures in dolostones near the northern intrusion. X-ray 

diffraction data showed, in addition to calcite and dolomite peaks, 

peaks at 1.54 (3), 2.62 (3), 2.67 (3) and 3.34 (10) , for unknown A and 

atl.54 (6),2.43(7), 2.62(10),3.41 - 3.36(6) and 10.11(6) for unknown B, 

approximately matching peaks for phlogopite. Optical confirmation 

of the x-ray results was attempted but thwarted by the small grain-size 

(<0.005 mm.) of the material. The color and habit of the material is 

unusual but its environment -in metamorphosed Mg-rich carbonate rocks, 

suggests it is, in fact, phlogopite.

Phlogopite with a Ba content of up to 13.5% has been found 

in subhedral crystals to 0.5 mm. in size at the lapis lazuli deposits 

Hogarth and Griffin (1980).

Prehnite

Rounded buttons and globular masses about 2 cm. in diameter 

are found in two sample spaces at the Summit. The color of their radially 

structured crystalline interiors is pale tan to yellow but surface



87
coatings can be white, red or blue. X-ray diffraction results 

indicate d-spacings of 1.84(2), 2.31(4),2.55(10), 3.08(10),3.28(60), 

and 3.48(9), and optical work showed the material is biaxial + with 

alpha =1.615, beta =1.625 and gamma = 1.645. Both techniques confirm the 

material is prehnite. Prehnite surrounds prismatic epidote crystals 

and is adorned by late chabazite and stilbite.

Pyrite

Pyrite is widespread within 1 km. of the northern intrusive 

center . Most commonly it:: occurs as disseminated grains and replacement 

bodies in sedimentary and igneous rocks; but it is also found along 

fractures and veins. Crystal size varies from tiny disseminated grains 

in shales and phyllic altered rocks to crude cubes 6 cm. on edge 

in pyrrhptite homfels. Cross and Shannon (1927) describe the morphology 

of pyrite in the area noting pyritohedra, octahedra and more commonly% 

complex forms. An effort was made during this study to describe changes 

in pyrite morphology throughout the map area but lack ''of v both euhedral 
crystals and time prevented its completion.

Pyrrhotite

Pyrrhotite has a limited distribution, being found in eleven 

sample spaces, all in the wedge of Belden Formation between the northern 

and central intrusipns.lt commonly forms laminae in hornfels, but at 

the contact of the Belden Formation with the quartz diorite of the 

central ihtrusidti 250 m. west of the Summit, pyrrhotite makes up about 

50% of the rock. Hogarth and Griffin(1980)describe pyrrhotite in 

equilibrium with pyrite at the lapis prospects.
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Quartz

Quartz is uncommon in the Italian Mountain area, being 

most conspicuous as orange jasper-like bodies in the Leadville Limestone 

on American Flag Mountain. The jasper bodies are actually aggregates 

of orange micro-crystals of quartz. White druzy quartz cements breccia 

at 1000 m. south 1300 to 1400 m. east, and milky quartz forms veins 

in Precambrian rocks. A minor amount of silification is found in 

scattered phyllic altered areas.

Quartz is rare at the Summit where it forms clear crystals 1-5 

mm. long associated with feldspars and coarse crystals abaout 2 cm. 

in diameter imbedded in rock at the igneous-sedimentary contact. Inter

facial angles measure on crude crystals, superficially resembling 

topaz, indicate they are quartz(Cross and Shannon,1927). The chalcedony 

described, without optical data, by Cross and Shannon (1927) strongly 

resembles the prehnite described above.

Rhodonite ?

A small pink mass found in Belden Hornfels at 1100 m. north 

700 m. west may be rhodonite (Murphy,1975, personal communication).

Schorl

A small radial cluster of black crystals associated with epidote 

and quartz on a weathered fracture surface at 200 m. south, 200 m. east, 

was identified as schorl by comparison with other schorl specimens
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Sanidine

Finch ( 1967) found optical and x-ray data on fine-grained
\material in a thin-section from 1100 m„ north ' 50 m. west "most 

consistent" with sanidine.

Sericite(Field term)

The term sericite was used to name fine-grained, late micas 

noted in 13 sample spaces. Distribution of sericite is limited to 

Star Basin where it is occasionally quite abundant, to the vent facies 

of the northern intrusive center (Cunningham,1973), and to the skarn 

on Italian Mountain.

Serpentine (Group name)

Serpentine is a field term used to name soft, waxy minerals 

encountered in mapping. Finch (1967), in examining a specimen from 

near 1000 m. north 000 m. east, found that most of the serpentine 

was antigorite but some was chrysolite. Serpentine commonly replaces 

chert nodules in dolostone within 200 m. of the contact of the 

intrusion with sedimentary rocks.

Siderite

Cross and Shannon (1927) describe siderite crystals overlain 

by calcite from an unspecified location in the Italian Mountain area.
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Smithsonite

Dull white encrustations of smithsonite, slightly soluble 
in 10% HCI, are found in gossan at the Star Mine.

Scolecite

Scolecite is a common zeolite at the summit of Italian 

Mountain where it displays two habits. It is found as tufts of acicular 

crystals about 3 mm. long on earlier-formed silicates, and more commonly 

as radiating masses of occasionally terminated crystals up to 3 cm. 

long. The scolecite is commonly altered, giving poor optical and x-ray 

data, but d-spacings of 2.89 (10)^.41(6),4.48(5),5.58(5) and 6.63(6) 

angstroms were determined on one sample. Cross and Shannon (1927) give 

optical data and an analysis of the scolecite.

Sphalerite

Sphalerite is found as remnants of un-oxidized ore at the 

Star and X-10-U-8 Mines. At the latter it is yellow-brown, micro- 

crystalline, and encloses occasional fragments of barite, pyrite or 

galena. Small amounts of sphalerite are associated with lapis lazuli 

at both deposits (Hogarth and Griffin,1980) and sphalerite is a probable 

host for the 1000 ppm zinc contained in the pyrrhotite hornfels 200 m. 

west of the Summit. Bright orange grains, about 0.1 mm. in size, found 

in fetid quartzite of the lower Belden Formation at 600 m. north 1800 

m. east, were determined to be sphalerite by their crystal morphology

and spectrographically determined zinc content.



91
Spinel

Rounded dark-green octahedral crystals less than 0.5 mm. 

in diameter were determined to be spinel by their hardness and lack 

of magnetism. They occur disseminated in marble near 850 m. north 

350 m. east.

Stilbite

Stilbite is the most abundant zeolite in the Italian Mountain 

area. It is a late mineral at the Summit where it occurs as stubby 

crystals to 5 mm.; Cross and Shannon (1927) give optical data, analyses 

and a photo of material that probably came from the Summit. The
v

material is fusible, biaxial with alpha =1.483,beta = 1.487 and 

gamma = 1.495. By far the most abundant stilbite occurrence is in an 

area about 800 m.- in diameter, centered 500 m. south of the Summit; 

here stubby crystals of stilbite fill fractures and cement breccia 

in small fault zones.

Talc

Cross and Shannon (1927) describe pearly folia of talc in 

cavities in magnetite from North Italian Mountain.

Thompsonite

Hogarth and Griffin (1980 describe parallel fibrous packets 

of thompsonite as a hydrothermal alteration product of lazurite. Optical 

data are given for thompsonite associated with sahlite and specular



hematite in a vein in altered diorite at an unspecified location 

(Cross and Shannon, 1927).

Titanite

Titanite is fairly common in intrusive rocks and in skarns 

occurring in fourteen sample spaces. Hogarth and Griffin,(1980) describe 

sphene from the Anderson Prospect and Cross and Shannon(1927) give 

morphological data and illustrate twinned and untwinned crystals of 

titanite from the Summit. At the Summit, titanite shows the typical 

envelope habit, with (111) and (001) dominant,and it is associated with 

a variety of species.It is commonly found perched on intergrowths 

of laumontite (?) crystals and epidote. At several places the titanite 

content of the porphyritic quartz monzonite increases from trace to 

a visible 2% near the contact of the intrusive and sedimentary rocks.

Tremoiite ?

Roy describes an "... albite-epidote homfels facies distinguished 

by the presence of chlorite, epidote, albite and tremoiite..." and 

he shows the facies on an idealized map (Roy,1973). A mineral observed 

in thin-section from the Summit area resembled tremoiite more than 

it did wollastonite ( Finch, 1967).

Vesuvianite

Vesuvianite or idocrase, is not widespread; its distribution 

is limited to the skarns on Italian Mountain, North Italian Mountain, and 

at850 m. north 450 m. east. Vesuvianite is amber to green in color

92
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and it displays half a dozen habits. The most interesting habit is 

the modified dipyramidal (111) to prismatic (100) and (110) habit well 

illustrated by Cross and Shannon (1927), who give interfacial angles, 

optical data, analyses and a photograph. One of their analyses shows 

0.58 F in the vesuvianite. Blocky crystals of vesuvianite can reach 

5 cm. in length, but the sharpest and most transparent crystals are 

about 1 cm. in length. At places the blocky crystals are partly 

altered to vesuvianite with an unusual fibrous habit. The fibers are 

in optical continuity, parallel to the "c" crystallographic axis 

(Cross and Shannon^ 1927), and have been shown to be vesuvianite 

by x-ray diffraction (Finch, 1967). Apparently the fibers represent 

a late-stage corrosion of earlier formed crystals. Vesuvianite 

comprizes about 2% of the Summit skarn and masses of vesuvianite 

can be quite large, either replacing hornfels completely or forming 

crude spheres 10 to 40 cm. in diameter, composed of 1 to 2cm. grains 

of vesuvianite. Cross (1887) mentions vesuvianite in "branching 

forms".on North Italian Mountain. And a 4 Cm. diameter "sunburst" 

found near 350 m. south, 150 m. east was determined optically to 

be vesuvianite. Vesuvianite crystals formed shortly after grossular 

and well before the zeolites.

Wad ( Field term)

Black earthy masses and dendrites on fracture surfaces were 

designated as wad in field notes. Their mineralogy was not worked 

out but it is probably romanechite or a hollandite-group mineral 

(Potter and Rossman, 1979). Wad is widely but indefinitely distributed 

through the map area.



Unidentified

Parallel molds measuring 1 x 10 x > 5 mm. were formed by 

unidentified mineral which was dissolved after it was surrounded 

by epidote.
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