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ABSTRACT OF THESIS 

GEOLOGY OF THE ALICE E. BRECCIA 
PIPE AND VICINITY, NEW WORLD MINING 

DISTRICT, PARK COUNTY, MONTANA 

The Alice E. breccia pipe occurs in a one square mile area of the 

New World mining district, Park County, Montana. Porphyry gold 

type mineralization-alteration is exposed at many prospects within the 

study area. 

Rocks exposed in the vicinity of the breccia pipe consist of 

Precambrian granite-gneiss, Cambrian sedimentary rocks and Tertiary 

sub volcanic intrusives. 

Hydrothermal alteration is widespread throughout the study area. 

Propylitic, phyllic, and hydrous skarn alteration all occur in the 

breccia pipe and the rocks in the vicinity of the pipe. The alteration 

is zoned vertically and laterally about the breccia. Supergene altera-

tion has resulted from the oxidation of pyritic ores enriching gold 

relative to other metals at the Alice E. mine. 

Mineralization consisting of vein and replacement types occurs 

in association with the hydrothermally altered areas. Magnetite, pyrite, 

chalcopyrite, bornite and sphalerite occur in order of formation. Gold 

has accompanied the sulfide stage mineralization. 

Fluid inclusion data indicate that the metals were deposited in 

veins whose minimum temperatures of formation ranged from 320°C to 

447°C within the study area. Boiling occurred in the deepest parts of 
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the exposed system with metals being deposited in and above the zone 

of boiling. The fluids were highly saline as evidenced by the presence 

of halite bearing fluid inclusions. 

The metals were carried in solution as chloride complexes which 

became unstable at temperatures less than 400°C. Metal paragenesis 

and zonation within the area can be explained in terms of chloride 

complexing and cooling of the ore solutions. 

The pipe contains a collapse breccia that has been modified by 

the later intrusions of quartz amphibole latite porphyry dikes and a 

hypothetical stock which intrude the breccia pipe. The mineral deposits 

of the area are probably related to these intrusions. 

Edward L. Cope 
Department of Earth Resources 
Colorado State University 
Fort Collins, CO 80521 
Summer, 1984 
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INTRODUCTION 

Location and Access 

The Alice E. prospect is located in sec. 24, T. 9 S, R. 14 E, 

within the south central portion of the New World Mining District, 

Park County, Montana (Fig. 1). The main workings of the Alice E. 

mine are approximately centered in sec. 24, on the south slope of 

Henderson Mountain (Fig. 2), about one mile north of Cooke City. 

Cooke City is four miles east of the northeast entrance to Yellowstone 

National Park, on U.S. Highway 12. 

Travel to Cooke City is on the highway through Yellowstone Park 

from Gardner, Montana and from Cody, Wyoming and Red Lodge, 

Montana. Access to the prospect area is via the unmaintained forest 

service road that leaves the Beartooth Highway about one half mile 

east of Cooke City. This road follows Miller Creek up Henderson 

Mountain to Daisy Pass. 

The Gardiner-Yellowstone route is the only year-round access 

since the Beartooth Highway is not maintained during the winter and 

spring months. 

Geography 

The New World District is within the Central Rocky Mountain 

province, between the Beartooth Mountains to the north and the 

Absaroka Mountains to the south. The Yellowstone Plateau and the 
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Topographic map of the New World Mining District. Map 
shows the location of the thesis area and the Alice E. gold 
mine. Adapted from U.S.G.S. Cooke City, Montana, 
15 minute quadrangle. 
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Figure 2. View of the southern end of Henderson Mountain 
looking west. Highest point is 10,067 feet 
elevation. Note location of breccia pipe which 
shows weak topographic expression in the photo. 
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Snowy Mountains lie to the southwest and northwest, respectively 

(Fig. 3). The elevation within the area ranges from 8,600 feet to 

9,600 feet above sea level. The highest elevation on Henderson Moun-

tain is 10,340. 

Glacial deposits are common in the map area. These deposits 

were formed during the Pleistocene by glaciers in Miller Creek and 

Fisher Creek. 

Climate 

The climate in the area is as would be expected for a sub-alpine 

environment at 45 degrees north latitude. Precipitation averages about 

20 inches to 30 inches per year with about 250 inches to 3 50 inches 

of snow annually. Snow may occur in any month of the year and 

usually covers the ground from November to June. Deep snow drifts 

last well into July and many of the peaks retain some snow through-

out the entire year. 

During the 1982 field season, the first heavy snowfall occurred 

on September 12th and by early October the field season was over 

due to snow. 

The summers are short and cool in this alpine region. 

Vegetation 

Vegetation within the thesis area vary from dense stands of 

pine, fir and spruce at the lower elevations to scrub pine and juniper 

at the higher elevations. Within the dense portions of the forest, 

deadfall is a hindrance to mapping. The northwest part of sec. 24 

is just at the treeline on Henderson Mountain. 
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Figure 3. Geographic features of the Beartooth-Absaroka-Yellowstone 
region. Adapted from Smedes and Prostka ( 1972). 
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History 

Gold was discovered at the Alice E. about 1893. By 1895 approxi-

mately 2,500 tons of gold ore averaging 0. 7 ounces/ton had been mined 

and treated ( Reed, 1950). According to Reed, the ore was treated in 

a cyanide plant near the mine. The operations were suspended when 

increasing sulfides were encountered not far from the surface. The 

oxidized part of the ore body was amenable to leaching but the pyritic 

ores were not. 

The workings consist of a small open cut and numerous adits, 

shafts and prospect pits. All of the underground workings have 

been inaccessible at least since Lovering ( 1929) visited the property. 

Workings have been developed on a number of patented claims in 

the vicinity of the Alice E. Production from these workings is unknown, 

but is assumed to be minor judging by the size of the dumps at these 

prospects. 

The cyanide mill foundation and a few collapsed cabins are all that 

remain from the early mining days at the Alice E. 

Previous Work 

Numerous papers have been published on the New World Mining 

District. Lovering ( 1929) completed the first modern detailed study of 

the district. 

Reed ( 1950) described the mineral occurrences of Park County. 

In this paper he discusses the major mines and prospects of the New 

World Mining District. 

Recent studies on the geology of the district include three master's 

theses and one doctoral dissertation. 
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Jansons ( 1963) studied the petrology and trace element geo-

chemistry of the Henderson Mountain porphyry. 

The Irma-Republic mines at the south end of the district were 

studied by Butler ( 1965). 

Horral ( 1966) provided a detailed petrologic description of the 

Henderson Mountain intrusive. 

The economic geology of the district was studied by Eyrich ( 1969) 

as part of his doctoral work. This study deals with the northern and 

central portions of the district. The Alice E. was not discussed in 

any detail in the dissertation. 

Elliott ( 1979) mapped the southwest corner of the Cooke City 

15 minute quadrangle at a scale of 1:24,000. 

The Alice E. mine is discussed by Lovering ( 1929), and Reed 

( 1950) provided a crude sketch map of the mine area with a brief 

description of the mine geology. 

The mapping by Elliott ( 1979) was the first published material 

to demonstrate that the Alice E. mine occurs within a large Tertiary 

breccia pipe. His description of the breccia is as follows 

Explosion-collapse (?) breccia consisting of fragments of 
mostly Pilgrim Limestone, Park Shale and Wolsey Shale 
in a pulverized rock-flour matrix, locally strongly altered 
and mineralized, intruded by dikes of weakly altered, light 
colored quartz latite porphyry. This porphyry contains 
abundant phenocrysts of rounded quartz, pale-green to 
colorless clinopyroxene and or amphibolite, plagioclase 
and sparse large potassium feldspars in an aphanitic 
potassium feldspar-rich groundmass. 

Purpose and Methods of Investigation 

This thesis is the culmination of research funded in part by 

Energy Reserves Group Inc. The project was intended to investigate 
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the occurrence and potential of low grade gold mineralization 

localized in and adjacent to felsic porphyritic plu tons. Early in the 

study the association between alkaline porphyritic plutons and gold 

mineralization was recognized. The term "porphyry gold" has been 

applied to the genetic model that was developed (Cope, 1981). 

B reccia pipes and linear breccia bodies were found to be integral 

features often associated with mineralization. 

In 1981 a field program was initiated to evaluate the gold mining 

districts within the alkalic igneous province of central Montana. The 

author mapped and sampled many prospects in the alkalic belt as 

defined by Lange ( 1977). 

Gold mineralization was recognized at the Alice E. late in the summer 

of 1981 and plans were made to continue the study in 1982. 

Field work for this study was completed late in the summer of 

1982. The Alice E. breccia pipe and vicinity were mapped at a scale 

of 1: 2,400 (Plates l, 2 and 3). Samples were collected for laboratory 

and geochemical analysis. 

Laboratory work consisted of thin section and polished section 

studies of the igneous rocks and ore specimens. Doubly polished 

plates were prepared for fluid inclusion analysis. Stained slabs 

(Bailey and Stevens, 1960) were used to study the textural and 

mineralogic character of the igneous rocks. Many samples were scanned 

by X-ray diffraction methods to aid in mineral identification. 



REGIONAL GEOLOGY 

The Beartooth uplift and the Absaroka volcanic field are the main 

geologic features of the region. A brief summary of the structural 

and pectrotectonic setting of northwestern Wyoming and southwestern 

Montana, during the late Mesozoic and early Cenozoic eras, is neces-

sary to explain the course of events resulting in magmatic and hydro-

thermal activity in the New World Mining District. 

Beartooth Uplift 

The Beartooth uplift is a roughly rectangular block of dominantly 

Precambrian Archean crystalline rocks. It is composed primarily of 

granite gneiss, amphibolite, minor quartzites, and iron formation 

intruded by mafic dikes (Foose and others, 1961). The gneissic rocks 

are dated at 2,750 m.y. and the younger mafic dikes are dated at 2,500 

m.y. (Elliott, 1979) in the Cooke City area. 

The Beartooth uplift exists today as a largely denuded block of 

crystalline rocks bounded by high angle normal faults and rather 

steeply dipping thrust faults. The block is surrounded by the Bighorn 

Basin, the Nye-Bowler zone, the Crazy Mountains Basin and the 

Absaroka-Yellowstone volcanic area. 

Foose and others ( 1961) discuss the structural geology of the 

block, and identify the Mill Creek-Stillwater zone and the Cooke City 

zone as the important lineaments or structural zones affecting the 
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block. The Cooke City zone has played an important role in localizing 

intrusions in the New World District. 

They describe the Cooke City zone as being a trough-like depres-

sion, cutting across the block in a northwest direction. Cambrian 

sediments are preserved along much of the Cooke City zone. The 

strata commonly dip towards the center of the depression in synclinal 

fashion. Fractures within the zone generally trend northwest and 

parallel many of the Precambrian mafic dikes (Foose and others, 1961), 

The zone has localized Laramide and Tertiary igneous intrusions. 

Volcanic vent and ring dike complexes remain today as eroded remnants 

of former volcanoes. 

Absaroka Volcanic Field 

The Absaroka volcanic field covers 9,000 square miles in north-

western Wyoming and southwestern Montana. 

The field consists largely of andesitic volcaniclastic rocks that 

have been subdivided into three groups comprising the Absaroka 

Volcanic Supergroup ( Smedes and Prostka, 1972). The groups are 

named in decreasing order of age: (1) Washburn Group; ( 2) Sun-

light Group; (3) Thorofare Creek Group. These replace the termi-

nology introduced by Hague ( 1899) (Early basic breccia), that was 

widely used until recently (Lovering, 1929; Rouse, 1937; Parsons, 

1939; Eyrich, 1969). 

Calc-alkalic andesites and dacites make up 90 percent of the 

Absaroka volcanic rocks. The remaining 10 percent of the field is 

composed of potassic rocks of the shoshonite suite (Lipman and 

others, 1972). Absaroka volcanics are remarkably similar to 
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circum-pacific andesites in Indonesia, New Guinea, Fiji and Kamchatka. 

The areas mentioned all contain shoshonitic lavas and intrusive 

equivalents. 

The term shoshonite was applied to rocks of the Absaroka-

Yellowstone region by Iddings ( 1895). Recent studies have delved 

into the formation of these highly potassic rocks (Joplin, 1964; 

Prostka, 1972). Prostka ( 1972) suggests that a hybrid origin for 

shoshonite is evident from petrographic and trace element data. 

The Absaroka volcanic rocks were erupted from numerous vent 

complexes that are aligned along two main parallel eruptive belts 

known as the eastern and western intrusive belts (Chadwick, 1970). 

Chemical analyses show that the eastern belt of intrusives is enriched 

in K 2o when compared to the western belt. The Cooke City intrusive 

complex lies within the eastern,K 20-enriched intrusive belt. 

Intrusive rocks of these belts consist of diorite, andesite, 

quartz-monzonite, syenogabbro and syenite (Parsons, 1939; Lovering, 

1929). The eruptive centers are variable in size and nature and 

generally include stocks, sills, and laccoliths with ring dikes, radial 

dikes, and breccia pipes, often with associated sulfide mineralization. 

The New World Mining District is roughly centered over one of 

these vent complexes. It is a major stock with laccoliths, sills and 

three large breccia pipes. Sulfide mineralization accompanied develop-

ment of the vent complex. 

Tectonic Implications 

It is not possible to relate the geology of the study area to conti-

nental tectonics, however, it is clear that uplift and volcanism in the 
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region occurred during the Laramide Orogeny, and continued into 

Eocene time. 

Compilation of age dates and chemical data for late Cretaceous 

and early Tertiary volcanic fields of the western United States show 

that volcanic processes can repeatedly be related to subduction and 

arc magmatism (Lipman, 1980). 

The geologic history of the Beartooth-Absaroka region shows that 

a dramatic transformation began about 80 m. y. ago and has continued 

into recent time, with periodic lulls in activity. The sequence of 

events during the late Cretaceous and early Tertiary are presented 

below, highlighting the current plate tectonic theories. 

During the interval 80-70 m. y. ago arc magmatism moved east-

ward from Idaho into Montana (Lipman, 1980). The Elkhorn 

volcanics were erupted contemporaneously with the intrusion of the 

Boulder batholith at this time. Magmatic activity ceased about 70 m.y. 

ago with the lull lasting until 60 m.y. ago. 

The interval 60-50 m. y. was probably the most important in the 

development of the Beartooth uplift. Increased rates of subduction 

and significant flattening of the dip of the subducted plate are pro-

posed for this time (Dickenson, 1979). Compressive forces due to 

crustal shortening resulting from this type of subduction easily 

explain uplifting of the Beartooth and other mountain ranges of the 

central Rocky Mountains. The Absaroka volcanic activity commenced 

during this time span. 

Magmatic activity started abruptly about 50 m. y. ago in much of 

Idaho, western and central Montana, and northwestern Wyoming. 

Uplifting and adjustment of the Beartooth block continued. The 
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greatest volume of Absaroka volcanic rocks was erupted shortly 

after 49 m. y. ago (Smedes and Prostka, 1972). The youngest igneous 

rocks are not dated but it is probable that most of the late igneous 

activity related to Absaroka volcanism occurred no later than about 

40 m.y. ago. 
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Figure 4. Sample of granite gneiss stained for potassium feldspar. 
Specimen contains potassium feldspar (yellow), quartz 
(gray), altered feldspar (white). Silica flooding occurs 
adjacent to quartz-sulfide veinlet. 

Figure 5. Photomicrograph of sample CC-82-6 (crossed nicols). 
Quartz (q) and microcline (m) are the dominant 
minerals. Weak serici te and calcite alteration is 
present. 



GEOLOGY OF BRECCIA PIPE AND VICINITY 

Precambrian Rocks 

Granite Gneiss (Wg) 

Precambrian granitic rocks crop out at a number of localities in 

the thesis study area (Plate 1). Unaltered samples of the granite are 

medium grained, equigranular, often weakly to moderately foliated. 

The granite gneiss is composed primarily of quartz (35%) and 

microcline ( 50%) plus sericite ( 15%). Stained slabs (Fig. 4) demon-

strate the textural and mineralogic nature of a typical sample. All 

of the samples collected in the vicinity were altered significantly 

making accurate modal analysis difficult. The composition is in agree-

ment with Eyrich 's (1969) analysis of fresh samples assuming all al bite 

and minor mafic minerals (hornblende, biotite) in Alice E. samples have 

been altered to sericite. 

Petrographic and X-ray diffraction studies confirm the hand speci-

men analysis. The bulk of the granites examined contained quartz 

and potassium feldspar with quartz, sericite and sulfides as alteration 

products of feldspars and mafic minerals (Fig. 5). Highly altered 

specimens are composed of quartz and sericite with carbonate. 

Quartz flooding and quartz-carbonate-sulfide veinlets are 

observed invading the granite in strongly altered-mineralized zones. 

Secondary fluid inclusions of several types are common in primary 

quartz crystals. 
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Cambrian Sedimentary Rocks 

Cambrian sedimentary rocks are preserved along much of the 

Cooke City structural zone. Sedimentation was initiated in Middle 

Cambrian time upon a gently undulating erosion surface of minor 

relief that had developed on the Precambrian basement complex 

(Eyrich, 1969). Eyrich ( 1969) estimated that 1,100 feet of Middle 

and Upper Cambrian sediments are exposed in the New World District. 

Elliott's ( 1979) map of the district shows that approximately 

680 feet of Middle and Upper Cambrian sedimentary rocks occur in 

sec. 24 at the southwest corner of the map area (Plate 1). The 

geologic map shows the sedimentary rocks as they were drawn on the 

map by Elliot ( 1979) with the appropriate scale adjustment. 

The Cambrian sedimentary rocks have been carefully studied by 

Eyrich ( 1969) . Much of the material that follows is summarized from 

this work. 

Flathead Sandstone (Bf) 

The Flathead Sandstone is a medium bedded basal sandstone 

deposited unconformably on the Precambrian basement complex. The 

thickness is variable due to minor relief on the Precambrian surface 

(Eyrich, 1969). Most workers estimate the thickness to be about 

100 feet (Eyrich, 1969: Elliott, 1979). 

The formation is exposed at the Alice E. and in the northwest 

corner of the map area where it and Precambrian granite are intruded 

by a Tertiary subvolcanic porphyry pluton. 

The beds are reddish brown (Fig. 6) except in areas of intense 

alteration and sulfide mineralization. The dominant mineral is quartz 
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Figure 6. Cut specimen of Flathead Sandstone (Cf), sample 
CC-82-61. Note presence of hematite and pyrite. 
This sample is from the upper part of the Forma -
tion. 
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with hematite and glauconite becoming important constituents in the 

upper portions (Eyrich, 1969). In altered zones the rocks are bleached 

and often contain pyrite in various stages of oxidation. Pyrite is 

common and is probably related to intrusive and later hydrothermal 

. activity in the area. 

The upper contact of the Flathead Sandstone is gradational with 

the conformably overlying Wolsey Shale. A distinct contact is difficult 

to establish. The sedimentary rocks surrounding much of the breccia 

pipe are of the transition units between the Flathead Sandstone and 

the Wolsey Shale. 

Wolsey Shale (Cw) 

The Wolsey Shale conformably overlies the Flathead Sandstone. 

Outcrops are rare, however samples from prospect pits are often 

greenish-brown when not severely altered and mineralized. Most 

examples from the study area contained considerable pyrite. 

Eyrich ( 1969) describes the Wolsey Shale from drill cores. The 

rock is a fine grained sandstone with an argillaceous matrix in the 

lower part of the formation. The middle of the formation is dominated 

by shale which grades into thin calcareous, sandy beds at the top of 

the formation. Total thickness is about 180 feet. 

Sills intrude the Wolsey Shale in the study area. The shale often 

shows contact metamorphism in areas intruded by the sills. The thin 

bedded calcareous beds at the top are more susceptible to the contact 

metamorphic effects. A banded hornfels is often the product of this 

metamorphism. 
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Meagher Limestone (Cm) 

The Meagher Limestone conformably overlies the Wolsey Shale. 

The formation is a thin bedded carbonate rock with wavy bedding 

planes (Eyrich, 1969). The rock type does not crop out in the 

northern portion of the study area. Elliott ( 1979) mapped a complete 

section of Meagher Limestone in the southwest corner of Section 24 

(Plate 1). 

Eyrich (1969) states that the limestone is a thin bedded (1/4 inch 

to 3 inches), fossiliferous micrite with oncolites at the base. 

Argillaceous and dolomitic interbeds occur throughout. The dolomitiza-

tion is attributed to post-depositional diagenetic processes. 

The formation is approximately 180 feet thick. 

Park Shale (Cp) 

The Park Shale is conformable with the Meagher Limestone. It 

is a thin bedded shaly carbonate rock. Unaltered outcrops are scarce, 

but breccia fragments of the rock are common in the Alice E. breccia 

(Fig. 7). Contact metamorphic textures and minerals are present in 

the breccia fragments. The metamorphism probably occurred during 

the intrusion of Tertiary sills. Brecciation and mineralization are 

post-metamorphic in age at the Alice E. 

The Park Shale is 250 feet thick (Eyrich, 1969; Elliott, 1979). 

Pilgrim Limestone ( Cpi) 

The Pilgrim Limestone occurs in the extreme southwest corner 

of the study area. Elliott ( 1979) describes the rock as limestone and 

limestone pebble conglomerate, thick bedded, approximately 250 feet 
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Figure 7. Cut sample of shale fragment from breccia pipe 
material, sample CC-82-34. Shale is Park Shale 
Formation showing pre-breccia metamorphic 
texture and later open space breccia texture 
with calcite infilling. 
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thick. The formation is the uppermost Cambrian sedimentary rock 

exposed in the study area. 

The formation is oolitic with calcite and dolomite as major com-

ponents of the limestone. It is not readily altered according to 

Eyrich ( 1969). 

Tertiary Igneous Rocks 

Subvolcanic intrusive rocks of Paleocene and Eocene age occur 

as stocks, sills, and dikes within the area. The Alice E. breccia 

pipe is probably Eocene in age. It is intimately related to the Tertiary 

igneous activity, and is described with other Tertiary igneous units. 

The intrusions are observed as concordant and discordant bodies 

of variable composition that intrude Precambrian and Cambrian age 

rocks in the study area. 

The porphyritic igneous rocks were difficult to study under 

the microscope due to the large quantity of aphanitic groundmass 

present in the samples. 

Stained specimens were found to be the most useful in deter-

mining mineral percentages. This and the use of X-ray diffraction 

scans of powdered light mineral separates from the porphyritic rocks 

were used in estimating modal composition for porphyritic rocks. The 

method is described in detail in the appendix. 

The porphyries were classified using the ternary Q-A-P diagram 

prepared by the I. U .G. S. Subcommission for classification of volcanic 

rocks (Fig. 8). 



ROCK NAMES 
1 Latite 
2 Quartz latite 
3 Quartz trachyte 
4,5 Rhyodati te 
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Q 

• • 
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• THIS STUDY 
• EYRICH ( 1969) 

• • 

Figure 8. Classification diagram for volcanic rocks using quartz, 
alkali feldspar, plagioclase modal data. After Streck-
eisen (1979). 
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Volcanic terminology is more appropriate than plutonic termi-

nology when discussing the porphyries, due to their textural nature 

and sub volcanic association. 

Data from Eyrich ( 1969) and this study are plotted on the 

Q-A-P diagram to compare rock compositions according to the now 

widely used I. U .G. S. scheme. 

The plot demonstrates the variation in composition in individual 

and segregated igneous bodies. This is a characteristic exhibited in 

many epizonal intrusives of subvolcanic origin. 

The rocks consist of diorite, andesite, latite, dacite, rhyodacite, 

quartz latite and quartz trachyte. 

Trachyandesite Porphyry Sill (Ttp) 

The oldest Tertiary igneous rock in the study area is a sill of 

light green to gray trachyandesite porphyry. The rock consists 

of plagioclase phenocrysts ( 20%), in a fine grained groundmass. 

The rock is commonly pyritized and is altered to propylitic and 

sericitic mineral assemblages. Stained slabs confirm the hand 

specimen mineral identification (Fig. 9) . 

Microscopic examination of the porphyry reveals phenocrysts of 

plagioclase, hornblende, and biotite in order of abundance (Fig. 10). 

Phenocrysts are set in a fine grained trachytic textured groundmass 

composed of plagioclase, with minor potassium feldspar and quartz. 

Plagioclase is commonly altered to carbonate and epidote. Horn-

blende is altered to epidote and biotote is altered to chlorite. 
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Figure 9. Specimen of trachyandesite porphyry (Ttp) staine d 
for potassium feldspar identification. Yell ow colored 
areas not properly etched by HF. Sample is pro-
py li tic altered with disseminated pyrite. 

Figure 10. Photomicrograph of trachyandesite porphyry 
(sample CC-82-51) (crossed nicols). Present are 
plagioclase (p); epidote (e) replacing hornblende. 
The groundmass is fine grained with trachytic 
texture. Minor secondary quartz ( q) also present. 
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Diorite Sill (Td) 

A sill-like body of diorite is exposed in the southern half of 

the study area. Hand samples of the rock are dark gray colored and 

appear weakly to moderately altered. The diorite is much more 

strongly altered than the hand samples would suggest. It consists 

dominantly of plagioclase altered to an assemblage of quartz, sericite, 

carbonate, and pyrite. Aggregates of secondary quartz and pyrite 

with interstitial sericite and carbonate are a common alteration texture. 

Estimates of mineral percentages are difficult due to the severity 

of alteration. The name is given to the rock based on Elliott's ( 1979) 

descriptions of fresh samples (Fig. 11) which are diorite to monzo-

diorite in composition. 

Elliott (1979) reports the date of this rock at 55.3±7 m.y. 

The age was determined by the potassium-argon method on biotite. 

Rhyodacite Porphyry (Trp) 

This rock occurs as sills of light colored porphyry containing 

conspicuous, rounded ( resorbed) phenocrysts of quartz and pheno-

crysts of plagioclase, hornblende, and biotite in an aphanitic 

groundmass of potassium feldspar and quartz (Fig. 12). 

Petrographic examination (Fig. 13) confirms the phenocryst 

mineralogy of plagioclase ( oligoclase), quartz, hornblende and biotite 

in order of abundance and totaling about 30 percent of the rock. The 

groundmass of potassium feldspar and quartz is aphanitic ( < 0. 01 mm). 

Modal analysis of a sample of the rhyodacite porphyry is presented 

in Table 1. 
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Figure 11. Photomicrograph of diorite (Td) (crossed nicols). 
Plagioclase (p), biotite (b), and hornblende (h) 
are present in order of abundance. Sample 
K -008B courtesy of James E. Elliott, U.S. G. S. , 
Denver, CO. 
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Figure 12. Cut specimen of rhyodacite porphyry (Trp), stained 
for potassium feldspar. Note plagioclase (white, and 
quartz (gray) phenocrysts in groundmass rich in 
orthoclase (yellow). Minor mafic minerals as pheno-
crysts and in clots surrounded by plagioclase. 

Figure 13. Photomicrograph of rhyodacite porphyry, sample 
CC-82-68 (crossed nicols). Phenocrysts are oligo-
clase ( p), quartz ( q), and biotite (b). Groundmass 
is orthoclase and quartz. Note resorbtion of quartz 
phenocryst. 
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Table 1. Modal analysis ( volume percent) for rhyodacite porphyry 
sill. 

Sample 
CC-82-68 

Quartz 37 

Orthoclase 22 

Oligoclase 31 

Hornblende 65 

Biotite 4 

Other <l 

This is equivalent to the quartz 11 eye 11 rhyodacite porphyry of 

Elliott (1979). 

Quartz phenocrysts are strongly resorbed and often embayed 

by groundmass material. Numerous fluid inclusions are present in 

the quartz phenocrysts. 

Plagioclase phenocrysts are euhedral to moderately rounded as 

a result of resorbtion. They are often altered to epidote, carbonate 

and sericite. 

Euhedral to subhedral hornblende and biotite phenocrysts are 

weakly to moderately replaced by chlorite. 

The porphyry is dated at 40.6±3.5 m.y. using fission track data 

from zircons (Elliott, 1979) . 

Biotite Latite Porphyry Stock (Tblp) 

This porphyry, named 11 Henderson Mountain Porphyry 11 by 

previous workers (Horall, 1966; Eyrich, 1969; Elliott, 1979), is the 
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most massive intrusive body in the New World Mining District. The 

porphyry occupies much of the northern portion of the thesis area 

(Plate 1). 

Hand samples of the rock are orange colored and contain pheno-

crysts of plagioclase, biotite and hornblende in an aphanitic ground-

mass. The porphyry is altered at all but a few locations in the study 

area. The stained samples of biotite latite porphyry are similar to 

other porphyries of the area showing a potassium felspar-rich ground-

mass (Fig. 14) . 

Microscopic study of the porphyry shows the porphyritic aphanitic 

texture (Fig. 15). All phenocrysts combined make up approximately 

50 percent of the porphyry. 

Modal analyses of three samples of biotite latite porphyry are 

presented in Table 2. 

Table 2. Modal analyses ( volume percent) for biotite latite porphyry. 

Samele 
CC-82-9 CC-82-19 CC-82-38 

Oligoclase 45 44 45 

Ort_hoclase 42 38 44 

Biotite 8 9 4 

Hornblende 4 6 3 

Quartz 1 3 2 

Other tr. tr. 1 
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Figure 14. Cut specimen of biotite latite porphyry (Tblp), stained 
for potassium feldspar. Plagioclase (white), and 
orthoclase (yellow) are the main minerals. Biotite 
and hornblende are common. 

Figure 15. Photomicrograph of biotite latite porphyry, sample 
CC-82-9 (crossed nicols). Phenocrysts are oligoclase 
(p), biotite (b), and hornblende (h). Quartz 
content is less than 3 percent in this rock. Ground-
mass is dominated by orthoclase with minor quartz. 
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The lack of quartz in these rocks is evident in stained hand 

samples, thin sections and the powder X-ray data obtained. 

The porphyry is altered to sericitic and propylitic types of altera-

tion in the thesis area. This alteration is the result of late magmatic-

deuteric and later hydrothermal events in the vicinity of the Alice E. 

mine. 

Quartz Amphibole Latite Porphyry ( Tqalp) 

Dikes of quartz latite porphyry intrude the breccia pipe in a 

crude radial pattern (Plate 1). The dikes cut the breccia, the 

breccia-wall rock contact and continue out into the wall rocks surround-

ing the breccia at one locality. A crescent shaped intrusive of quartz 

latite porphyry cuts the breccia and biotite latite porphyry at the 

northwest corner of the breccia pipe. One dike cuts biotite latite 

porphyry near the northeast corner of the breccia pipe. The porphyry 

is apparently related to the breccia pipe and mineralization within it. 

The importance of these intrusive bodies will be addressed later. 

Megascopically the dikes are light gray to green colored and con-

sist of phenocrysts of quartz ( resorbed), plagioclase, and hornblende 

in an aphanitic groundmass. Visible epidote gives the green color 

of ten observed. 

Staining for potassium feldspar in cut samples (Fig. 16) shows 

plagioclase, quartz, amphibole and occasional orthoclase phenocrysts 

in a potassium feldspar groundmass. Fine grained sulfides were 

observed in the groundmass. 

Thin sections reveal the presence of clinopyroxene (augite) in 

many of the samples. The pyroxene is often altered to amphibole 

(uralite) (Fig. 17). Plagioclase (oligoclase) is euhedral to subrounded. 
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Figure 16. Cut specimen of quartz amphibole latite porphyry 
(Tqalp), stained for potassium feldspar. Pheno-
crysts are plagioclase (white), quartz (gray), ortho-
clase (yellow) and hornblende-actinolite (dark green). 
Groundmass is dominated by orthoclase (yellow). 

Figure 17. Photomicrograph of quartz amphibole latite porphyry, 
sample CC-82-44 (crossed nicols). Shown is uralitic 
replacement of hornblende and augite by actinolite 
(act). Epidote (e) occurs with actinolite as alteration 
of plagioclase and hornblende. 
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The calcic cores of some phenocrysts are altered to epidote. Quartz 

phenocrysts are strongly resorbed a nd often inva ded by the ground-

mass (Fig. 18). 

Modal analyses for quartz amphibole latite porphyries are pre-

sented in Table 3. 

Table 3. Modal analyses ( volume percent) for three quartz amphibole 
la ti te samples. 

Sample 

CC-82-32 CC-82- 45 CC-82-46 

Quartz 18 17 18 

Orthociase 38 38 46 

Oligoclase 40 34 29 

Amphibole 3 7 5 

Clinopyroxene 1 2 2 

Other 2 

The variation of plagioclase and orthoclase is due to local differ-

ences in groundmass to phenocryst ratios. 

Latite Porphyry (Tlp) 

Latite porphyry dikes occur at two localities in the study area. 

One dike intrudes the breccia pipe just north of the main Alice E. 

workings (Plate 1). The other dike fills an arcuate structure possibly 

related to the breccia pipe. This dike is exposed in Miller Creek only. 

Hand samples of the rock are green to dark gray. Plagioclase 

and large potassium feldspar phenocrysts are present. Biotite and 
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Figure 18. Photomicrograph of quartz amphibole latite 
porphyry (Tqalp), sample CC-82-45 (crossed 
nicols). Depicts in tense resorbtion of quartz 
phenocryst ( q), in potassium feldspar - rich 
groundmass. Fresh hornblende present in 
upper right part and in center of quartz 
phenocryst. 
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hornblende phenocrysts are plantiful in the rock. Stained slabs 

document this mineralogy (Fig. 19). The groundmass of this porphyr y 

is not as enriched in potassium feldspar as the porphyries previously 

discussed. 

Petrographic examination shows the porphyritic, weakly trachytic 

texture present in the rock (Fig. 20). Large potassium feldspar 

( orthoclase) phenocrysts commonly have poikiolitic intergrowths of 

biotite. Hornblende and biotite phenocrysts are euhedral. The lack 

of alteration in these dikes suggests that they are post-mineral in 

age. Intrusives discussed earlier are apparently pre- and inter-

mineral in age. 

Phenocrysts make up 40 percent of the rock. Modal analysis for 

one sample of latite porphyry is presented in Table 4. 

Table 4. Modal analysis ( volume percent) of la tite porphyry. 

Plagioclase 

Orthoclase 

Biotite 

Hornblende 

Quartz 

Sample 
CC-82-55 

50 

35 

9 

5 

1 

The groundmass is composed of plagioclase, potassium feldspar 

and quartz in order of abundance. 



41 



Figure 19. Cut specimen of latite porphyry (Tlp), stained for 
potassium feldspar. Phenocrysts are plagioclase 
(white), biotite (black) and orthoclase (yellow). 
Groundmass is orthoclase and plagioclase. 

Figure 20. This section photomicrograph of latite porphyry, 
sample CC-82-55 (crossed nicols). Note phenocrysts 
of oligoclase (p), and biotite (b) in fine grained 
weakly trachytic groundmass. Minor hornblende 
(h) is altered to epidote. 
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Quartz Latite Porphyry (Tqlp) 

A late dike of quartz latite porphyry crops out in Miller Creek. 

This dike is arcuate and roughly parallel to the latite porphyry dike 

discussed in the previous rock description. 

The dike is gray colored with phenocrysts of quartz, plagioclase, 

and orthoclase. The phenocrysts are about 50 percent of the total 

rock. Aphanitic groundmass makes up the remainder. 

The stained specimen shows phenocryst mineralogy and texture 

(Fig. 21). 

Modal analysis of the dike is presented in Table 5. 

Table 5. Modal analysis ( volume percent) for quartz latite porphyry. 

Sample 
CC-82-65 

Oligoclase 45 

Orthoclase 37 

Quartz 6 

Biotite 7 

Hornblende 4 

Other 1 

The thin section of this dike shows little alteration as in other 

late dikes. Poikiolitic textures are observed in orthoclase pheno-

crysts (Fig. 22). 

This dike was the last igneous rock to intrude the Alice E. mine 

area. 



44 



Figure 21. Cut specimen of quartz latite porphyry (Tqlp), 
stained for potassium feldspar. Phenocrysts are 
plagioclase (white) , quartz (gray), and orthoclase 
(yellow). Groundmass is potassium feldspar rich. 

Figure 22. Photomicrograph of quartz latite porphyry, sample 
CC-82-65 (crossed nicols). Highlighted are 
poikiolitic inclusions of altered biotite in a large 
orthoclase phenocryst. 
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Breccia Pipe (Tbx) 

The breccia body is a crescent-shaped structure that is centered 

in section 24. The breccia consists of dominantly Cambrian sedimentary 

fragments. Flathead Sandstone, Wolsey Shale and Park Shale frag-

ments and blocks are most common. Meagher Limestone and Pilgrim 

Limestone fragments are poorly represented and are assumed to have 

been replaced by post-breccia hydrothermal minerals. Trachyandesite 

porphyry fragments were noted at one location. Diorite blocks (?) 

are present near the southern contact of the breccia and diorite. 

The fragments are angular with weak to moderate fragment 

rotation exhibited in the samples collected (Fig. 23). The fragments 

are cemented by products that post-date the brecciation event. 

Calcite, quartz, epidote, actinolite, and adularia are noted cementing 

breccia fragments. 

The genesis of this breccia pipe and the mineralized zones within 

it are presented later in the discussion, following descriptions of the 

alteration and mineralization. 

Quaternary Deposits 

Glacial Deposits (Qg) 

Glacial deposits occur on the eastern and western flanks of the 

southern end of Henderson mountain. The deposits are mentioned 

because they represent an obstacle to geologic and geochemical surveys. 

Undifferentiated Alluvium (Qu) 

The slopes of Henderson mountain are covered by much debris. 

Colluvium is well developed on gentle to moderately steep terrain. Talus 

occupies the lower portions of the steeper slopes. 
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Figure 23. Cut specimen of breccia pipe material (Tbx). 
Angular fragments of Park Shale are cemented 
by late calcite with base metals ( sphalerite, 
chalcopyrite). 



PETROGENESIS 

The evolution of the Cooke City intrusive complex can be traced 

by studying the change in composition of progressively younger 

intrusive bodies. 

Age dates and field relationships show that the oldest intrusives 

of the complex are dioritic ( andesitic) in composition. The diorite 

of Scotch Bonnet mountain is dated at 55.3±0.7 m.y. ago (Elliott, 

1979). The diorite body in the study area is probably the same age 

according to Elliott. Andesitic border phases occur at the contacts 

of these intrusives (Eyrich, 1969). Paleocene andesitic dikes are 

also present in the Cooke City area (Elliott, 1979). 

Evidence suggests that these early intrusions are closely related 

to andesitic volcanic rocks that were erupted during Paleocene time. 

Prostka (personal comm., 1982) has postulated that the Cathedral 

Cliffs Formation volcanics were erupted from vents in the Cooke City 

area. The diorite and andesite intrusions coincide with the eruption 

of andesitic volcaniclastics of the Cathedral Cliffs Formation. Follow-

ing extrusion of the volcanics, the vents were plugged with the diorite 

bodies, and differentiation of the remaining magma began. 

The subvolcanic intrusions of latite, quartz latite, and rhyodacite 

are the products of differentiation (Fig. 24). Evidence from field 

relationships and petrologic data indicate that the differentiation did 

not occur with a continuous and predictable increase in alkali feldspar 



QUARTZ LATITE 

Figure 24. Diagram depicting the evolution of the intrusive rocks of 
the Alice E. vicinity. Data from Figure 8 of this study. 
Diagram adapted from Streckeisen ( 1979) . 
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and quartz content, but that fluctuations between latite and rhyodacite 

compositions occurred (Fig. 24). Thus latite, quartz latite, and rhyo-

dacite composition intrusions were formed at various times during 

the Eocene. Documented ages for many of these intrusives are not 

available, and local field relationships were used to determine the 

relative ages of the intrusions. 

Chemical data for the rocks also show the evolution of the igneous 

complex (Fig. 25). Potash and silica contents increase as a result 

of differentiation. 

The K 20 content at a Si0 2 content of 57.5 percent is 1.9 percent 

(Fig. 25). The rocks of the Cooke City intrusion are of the calc-

alkalic suite according to the classification set forth by Westra and 

Keith (1981). 

Other data (Eyrich, 1969) showed that potassium metasomatism 

was important in the latest stages of magmatic and ensuing hydrothermal 

activity that occurred in the area. 

Trace element data for Absaroka volcanic rocks have been used to 

determine the origin of the volcanic rocks (Peterman and others, 1970). 

Th • t d t·1· d 87srJ 86sr d 206Pb/ 204Pb • t • • e1r s u y u 1 1ze an 1so op1c ratios. The 

results suggest that the rocks were derived from the lower crust or 

upper mantle. It is evident that a preferential loss of uranium relative 

to lead occurred approximately 2,800 m.y. ago (Peterman and others, 

1970). They relate small variations in isotopic ratios to small inhomo-

genities in isotopic ratios in the source rocks. 

A recent review of gold deposits in Montana (Cope, 1981) showed 

that the deposits are associated with both calc-alkalic and alkalic 

intrusive-volcanic complexes. 
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Figure 25. Harker variation diagram for K 20-Si0 2. Data from Prostka 
(personal comm., 1982). 
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The style of gold deposits which occur in calc-alkalic complexes 

differ significantly from those gold deposits associated with alkalic 

complexes. The variation in plu ton composition appears to be reflected 

in the ore deposits which in some cases can be shown to have formed 

long after the intrusion of the igneous body. 

The major differences between the calc-alkalic and alkalic com-

plexes are related to chemical composition involving primarily the 

Si0 2, K 20, CaO and Na 2o contents. Calc-alkalic deposits such as 

Cooke City are related to Si0 2 and K 20 rich late stage quartz-latite 

porphyry intrusions. Alkalic type deposits ( Zortman-Landusky, Little 

Rocky Mountains, Montana) are related to a syenite porphyry complex 

which is extremely potassic in nature but relatively silica poor. 

The parent magma composition is largely responsible for the 

different types of hydrothermal alteration which accompany the two 

styles of deposits. The greater volatile content of a silica-rich late-

stage calc-alkalic porphyry ( 11 wet porphyry 11 ) will generate an exten-

sive phyllic alteration (quartz-sericite-pyrite) outside a rather 

restricted potassic alteration zone. Stockworks and large breccia 

pipes are often associated with these complexes (i.e., Cooke City 

intrusive complex). Alkalic intrusions are silica deficient and also 

contain less volatiles ( 11 dry porphyry 11 ) at the late stages of magmatic 

activity. The result is that phyllic alteration is rare with potassic 

alteration being common. Minor silica with sulfides and gold is 

deposited in joints and fractures in the pluton and as vein and 

replacementsin rocks in contact with the pluton. Linear breccia bodies 

appear to be most important and large breccia pipes are less common. 
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In general, calc-alkalic porphyry gold occurrences exhibit a 

typical porphyry type alteration-mineralization zonation with a 

restricted potassic-ore zone and a large phyllic alteration halo. 

Alkalic porphyry gold deposits contain dominantly potassic alteration 

which accompanies the gold mineralization. The differences in altera-

tion and mineralization can be linked to the composition of the late 

magmatic phases of the igneous complex. 

The gold deposits of the New World District exhibit all of the 

characteristics common to calc-alkalic porphyries. 



STRUCTURE 

Bedrock structures are not well exposed in the vicinity of the 

Alice E. mine. The presence and location of many of the structures 

are inferred from evidence obtained at prospect pits in the area. 

Aerial photos were studied to aid in the mapping of some structures. 

Faults 

Two high angle faults appear as prominent features on aerial 

photos of the area. The faults intersect in Miller Creek (Plate 2) 

with an older N 50°W trending fault offset by a younger fault trending 

N 55°E. The older fault parallels the system of fractures of the Cooke 

City structural zone. The younger fault is probably related to joint-

ing present in the Precambrian basement rocks. Both represent read-

justment of fractures that formed at some time in the history of the 

B eartooth block, previous to the Laramide Orogeny. The structures 

are probably of Precambrian origin with recent (Laramide) displace-

ment of not more than 200 feet as indicated by Elliott's ( 1979) map. 

Veins and Dikes 

Mineral veins and dikes are observed occupying a number of 

structures that formed during the intrusion of the igneous bodies within 

the study area. 

Quartz-sulfide veins of open space origin cut igneous and sedi-

mentary units in the eastern part of the study area. The veins occur 
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in and adjacent to the breccia pipe in the fractures that postdate 

brecciation and coincide with intrusion of the biotite latite porphyry 

stock. The veins are aligned in a crudely radiating pattern in rocks 

surrounding the southeast part of the stock (Plate 2). Mineralizing 

fluids ascended through the open spaces created by brecciation and 

fracturing of the country rock in the area. 

Dikes occur in the breccia pipe and the area peripheral to the 

breccia pipe. The dikes are linear, or in radial or arcuate patterns 

(Plate 2). The age of the structures coincide with the breccia event. 

The patterns are similar to those observed for volcanic pipes of the 

San Juan volcanic field (Burbank, 1939). 

Sheet and Stockwork Fracturing 

Parallel to subparallel sheet-like fractures are observed in 

Flathead Sandstone at the Alice E. mine. Oxidized quartz-sulfide 

veinlets occupy these sheet fractures. Sheet fracturing is present at 

most breccia pipes described in the literature. The fracturing occurred 

as a late event in the breccia pipe genesis. 

Stockwork fractures with quartz fillings are observed in granite 

and diorite in Miller Creek. Vein and disseminated sulfide mineraliza-

tion are related to these fractures. The stock work consists of quartz 

veins in densities ranging from low to moderate ( 1 to 3 veins per square 

foot). Stockwork fracturing is an integral part of porphyry molybdenum 

and copper deposits. Most workers relate the fracturing to late 

magmatic-hydrothermal processes (Burnham and Ohmoto, 1980) and 

probable boiling of hydrothermal fluids (Cunningham, 1978). The 
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fracturing and subsequent vein filling localizes much of the ore in 

deposits of the porphyry type. 



HYDROTHERMAL ALTERATION 

Extensive hydrothermal alteration accompanied sulfide mineraliza-

tion in the New World Mining District. At the Alice E. three alteration 

types are recognized. These include a regional propylitization which 

has been overprinted by localized zones of phyllic alteration and 

hydrous skarn type alteration. Potassium silicate minerals are observed 

as open-space breccia fillings with skarn minerals. 

Clay minerals are abundant locally and are of supergene origin in 

areas of sulfide oxidation. 

Propylitic Alteration 

Propylitic alteration (Creasy, 1966: Rose and Burt, 1979) is wide- · 

spread in the rocks surrounding the Alice E. breccia pipe (Plate 2). 

Chlorite, epidote, calcite, and magnetite are common secondary minerals 

in zones of propylitic alteration in the area. Sericite and mont-

morillonite are usually present in small quantities. 

Propylitic alteration is reported at most porphyry Cu-Au deposits. 

Gold-bearing porphyry deposits in Canada consistently have propylitic 

alteration peripheral to a centralized potassium silicate alteration (Barr 

et al., 1976) . 

Chemical data are not available but crude estimates of chemical 

changes due to alteration may be inferred from the propylitic mineral 

assemblage. Rose and Burt ( 1979) state that little cation metasomatism 

occurs, but that H 2O, CO 2, and S may be added. Hemley and Jones 
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(1964) show that the gain of Na+, Ca 2+, Mg 2+, and SiO 2 is likely to 

occur, h • of H+ while t e activity 

will remain the same. 

+ will decrease and the activity of K 

Mineral stabilities for the propylitic assemblage indicate that the 

altering fluids were <400°C and neutral to alkaline (Stringham, 1952). 

Propylitic alteration is most common in the biotite latite porphyry 

stock, and the sills of diorite, trachyandesite porphyry, and rhyodacite 

porphyry. Propylitic alteration is observed in the more weakly 

mineralized parts of the breccia pipe. 

The intensity of alteration is variable and related to factors such 

as proximity to mineralizing plutons and the permeability (fracture 

density) of the rock. 

Phyllic Alteration 

The term phyllic alteration (Lowell and Guilbert, 1970) is used 

where the secondary mineral assemblage is quartz, sericite and pyrite. 

In the Alice E. vicinity phyllic alteration occurs in the breccia pipe 

and surrounding rocks. The Precambrian granite, the biotite latite 

porphyry stock, the diorite sill and the sandy fragments of the breccia 

pipe are all noted to exhibit phyllic alteration. 

Plagioclase and potassium feldspar in igneous rock types are conver-

ted to sericite and carbonate. Silica is often added as flooding and as 

veins and veinlets often with pyrite. 

Tourmaline (?) was observed as a vein mineral in an example of 

phyllic altered sandstone at the Alice E. 

The alteration of feldspars to sericite may occur by the reactions 

established by Hemley and Jones ( 1964): 
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(1) 

Orthoclase Sericite Quartz 

Plagioclase 
( 2) 

Sericite Quartz 

The reactions show that potash and silica are added and sodium 

and calcium are leached. Calcite may form in the presence of CO 2 . 

The areas of phyllic alteration are indicated on the alteration 

map (Plate 2). Examples of strongly altered dike rocks (Figs. 26 and 

27) clearly show the mineralogic changes that occur in rocks altered 

to the phyllic assemblage. 

As in other alteration types, the intensity of alteration is often 

related to the fracture density present in the rock. 

Hydrous Skarn Alteration 

Endoskarn and exoskarn calc-silicate alteration (Einaudi, 1982) 

is present in the Alice E. breccia pipe. These alteration types are 

particularly conspicuous in and adjacent to the crescent-shaped quartz 

amphibole latite porphyry located at the northwest corner of the 

breccia pipe. 

Garnet (andradite) is present in the porphyry at the location 

mentioned above. The garnets were observed in a narrow zone at the 

contact betwen porphyry and breccia. Einaudi ( 1982) cites this as 
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Figure 26. Cut specimen of phyllic altered dike rock. Sample 
is pervasively altered to quartz and sericite, 
Rounded quartz phenocrysts are stable. Feldspars 
and mafic minerals are completely altered. Note 
quartz veining. 

Figure 27. Cut specimen of altered quartz amphibole latite 
porphyry. Sample is phyllic altered with pyrite. 
Note silica flooding and intense sericitization. 
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evidence for fluid flow upward along the contact and into the pluton. 

This is typical of endoskarn alteration observed at many porphyry-

skarn deposits. 

Exoskarn alteration at the Alice E. breccia pipe is characterized 

by the assemblage actinolite, epidote, chlorite and magnetite. This 

occurs as massive replacements of carbonate breccia fragments. The 

contact between the quartz amphibole latite porphyry and the breccia 

(Fig. 28) shows the endo- exo-skarn relationships discussed here. 

Xenoliths of altered wall rock are present in the porphyry. Thin 

sections (Fig. 29) show the mineralogy of the alteration to be the 

same as that observed in the wall rocks. 

At one location near the Alice E. mine the breccia is cemented 

by quartz and adularia which are replaced by calcite and actinolite 

(Figs. 30 and 31) . Quartz-epidote veinlets in the breccia are the same 

age as the open space filling, and the veinlets often emanate from the 

breccia matrix and cut breccia fragments. This alteration post-dates 

the development of the breccia. 

The actinolite in the quartz amphibole latite porphyry may be 

partly of hydrothermal origin. Actinolite has been reported in the 

Rialto stock, New Mexico (Thompson, 1968) and in quartz monzonite 

porphyry at Bingham Canyon, Utah (Lanier, 1975). 

Skarn alteration at the Alice E. breccia pipe is similar to the 

late hydrous alteration observed by Atkinson ( 1975) at Carr Fork, 

Utah, although no orbicular textures are noted at the Alice E. 

The Capote breccia pipe at Cananea, Mexico has quartz-actinolite 

alteration in limestone (Meinhert, 1982) which replaces earlier garnet-

pyroxene skarn and marble, Extensive garnet-pyroxene skarn is not 
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Figure 28. Photograph showing contact between quartz amphibole 
latite porphyry and breccia pipe material. Sample 
stained for potassium feldspar. Note epidote-actino-
lite alteration rind adjacent to porphyry, and xeno-
lith in porphyry showing similar alteration. Note 
high potassium feldspar content of porphyry . 

Figure 29. Photomicrograph of sample CC-82-29 (crossed nicols). 
Epidote-actinolite alteration of xenolith in porphyry 
shown in Figure 28. Epidote (e); actinolite (act). 
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Figure 30. Cut specimen of breccia pipe material ( Tbx). Breccia 
fragments are Flathead Sandstone. Matrix is post-
breccia epidote, actinolite, quartz, adularia and 
pyrite. 

Figure 31. Photomicrograph of sample CC-82-53 (crossed nicols). 
Open space deposition of actinolite (act), epidote (e), 
adularia (a), quartz (q) and calcite (c) in breccia 
voids. 



66 

0.1mm 



67 

present at the Alice E. breccia pipe. The lack of garnet-pyroxene 

skarn is either the result of complete masking by later hydrous skarn 

or the lack of any original early garnet-pyroxene skarn alteration. 

Explanation of the skarn assemblge at the Alice E. • is possible 

by reconstructing the pressure and temperature conditions at the time 

of alteration. The field relationships indicate that a sub volcanic 

environment prevailed in which pressures would not be high. The 

combination of high temperatures and relatively low pressures may 

explain the assemblage. 



SUPERGENE ALTERATION 

Supergene alteration superimposed on hypogene hydrothermal 

alteration is common at many porphyry copper deposits (Rose, 1970). 

This alteration occurs due to the formation of acids as pyrite is 

oxidized. Supergene enrichment of sulfides may occur if sufficient 

pyrite is present in the protore. 

Surface samples collected from the Alice E. area show that super-

gene alteration has occurred to a limited degree in a few sulfide-rich 

zones. 

Kaolinite and Fe-oxides (limonite) are common products of this 

alteration. Secondary copper sulfides (digenite, covellite) are present 

at one locality just outside the breccia pipe. 

Supergene alteration is most prevalent in areas of intense phyllic 

alteration where significant pyrite is often present. Glaciation has 

probably removed much supergene altered material from the area. 



MINERALIZATION 

Mineralization consisting of three hypogene events occurred in 

and around the Alice E. breccia pipe. The mineralization consists of 

high temperature quartz sulfide veins, veinlets and stockworks 

associated with zones of phyllic alteration, and sulfide replacement of 

carbonate breccia fragments and wall rocks which is intimately related 

to the skarn type alteration. These two types of alteration-mineraliza-

tion are related to wall rock composition, with the vein type mineraliza-

tion occurring in the Precambrian basement rocks, the Tertiary 

intrusive rocks, and the Flathead Sandstone. The skarn-replacement 

mineralization-alteration occurs in carbonate host rocks. The third type 

of mineralization is a late open space deposition of calcite with base 

metal sulfides that occurs in the breccia and veins in the vicinity. 

Vein Mineralization 

High temperature quartz-sulfide veins and veinlets occur at a 

number of localities within the study area (Plate 2). The veins are 

observed as parallel sheet fracture fillings at the Alice E. mine and 

as stockworks in Miller Creek. 

Sheet fracture veins at the Alice E. mine occur in a disrupted 

block of Flathead Sandstone (Figs. 32 and 33). The veins are oxidized 

quartz-sulfide veins containing significant gold and silver. Much of 

the production from the Alice E. mine came from this zone. 
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Figure 32. Photograph of sheet fractured zone at the Alice E. 
mine. Zone is oxidized with silica and limonite 
remaining. This zone assayed 10.58 ppm Au. 

Figure 33. Closeup of sheet fractures in sandstone at the loca-
tion in Figure 33. Note parallel nature of quartz 
veining. 
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Quartz-sulfide veins are observed cutting the trachyandesite 

porphyry sill in the eastern part of the study area. These veins are 

usually a few to tens of centimeters in width and can be traced for 

short distances along strike in prospects. The veins are arranged 

in a crude radial pattern about the south end of the latite porphyry 

stock. 

The stockwork veining in Miller Creek is weakly to moderately 

developed ( 1 to 3 veinlets per square foot). Sulfide minerals are vein-

controlled and disseminated throughout the stockwork zone, 

Sulfide minerals present in areas of vein mineralization consist of 

pyrite, chalcopyrite, and bornite. Digenite and covellite were observed 

in one oxidized pyrite-chalcopyrite vein specimen. Quartz and calcite 

are common gangue minerals of vein type mineralization. 

Skarn - Replacement Mineralization 

Fragments of breccia and wall rock that contained significant lime 

have undergone replacement by oxide and sulfide minerals. 

Massive magnetite with later sulfides have replaced breccia in the 

western part of the pipe. The massive bodies are replaced fragments 

and blocks of Meagher Limestone and possibly Pilgrim Limestone. Replace-

ment mineralization occurs in Wolsey Shale at the northeast corner of 

the breccia pipe. Oxide and sulfide minerals are present as irregular 

replacements of the sediments (Figs. 34 and 35). Replacement minerals 

consist of magnetite, pyrite, chalcopyrite, and sphalerite. 

Open space mineralization consisting of sulfide and skarn assem-

blage minerals occurring in the breccia are related to the replacement 
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Figure 34. Cut specimen of Wolsey Shale (Cw) replaced by 
magnetite and pyrite. Hematite and oxides rich 
in lead? (white color) are also present. 

Figure 35. Polished section photomicrograph of sample CC-82-50 
(plane reflected light). Magnetite (mt) is replaced 
by hematite (ht) and pyrite (py). 
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mineralization. This is a partial replacement of comminuted breccia 

matrix with late open space filling by skarn minerals. 

Gold mineralization is present in skarn-replacement zones. 

Para genesis 

The para genetic sequence for mineralization at the Alice E. 

(Fig. 36) was determined from thin sections and polished specimens 

of mineralized samples. 

Stage I 

Stage I mineralization is characterized by massive replacement of 

carbonate rocks. Quartz and magnetite (Fig. 35) are the main products 

of this replacement. The early oxide mineralization is followed by 

stage II mineralization consisting of vein sulfides. 

Stage II 

Stage II mineralization consists of Cu and Fe sulfide minerals. 

Pyrite, chalcopyrite, and bornite were deposited at this time. 

Stage II vein mineralization is made up of early massive pyrite that 

is cut by chalcopyrite-bornite veinlets (Fig. 37). This is the main 

sulfide mineralization event. 

Gold was not visible in the polished sections that were examined, 

however anomalous amounts of gold were detected in the geochemical 

analyses of the sulfide specimens. This evidence leads me to believe 

that the gold was introduced in the sulfide stage and probably accom-

panied the pyrite-chalcopyrite-bornite mineralization. This is evident 

in the geochemistry which shows a strong Cu-Au relationship. 
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Figure 36. Paragenetic diagram for mineralization at the Alice E. 
mine and vicinity. 
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Figure 37. Polished section photomicrograph of sample 
CC-82-52 (plane reflected light). Quartz 
vein with early pyrite (py) cut by veinlets 
of chalcopyrite (cpy). Bornite (bn) slightly 
postdates chalcopyrite. Note secondary 
copper sulfides digenite ( di) and covellite 
(cv). 
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Stage III 

The last hypogene mineralization is a replacement and open space 

mineralization event with calcite, pyrite, chalcopyrite (Fig. 38) and 

sphalerite as the main minerals. Strong exsolution chalcopyrite occurs 

in sphalerite (Fig. 39). This type of mineralization occurs as late 

breccia cavity filling and in replacement bodies. Carbonate minerals 

are observed with sulfides as coprecipitates in this stage of minerali-

zation. 

Stage IV 

Supergene oxidation of pyrite and other sulfides is evident in 

many samples from the Alice E. area. Chalcopyrite-bornite veins are 

replaced by digenite (Fig. 40). 

Geochemical data suggests that supergene processes have enriched 

gold and silver at the Alice E. mine, while copper was leached from 

these rocks. 

Hematite replacing pyrite (Fig. 41) is common in zones of oxida-

tion, as are other limonites. 
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Figure 38. Polished section photomicrograph of sample CC-82-33 
(plane reflected light). Massive magnetite (mt) with 
quartz (q) replacement of carbonate rock. Chalco-
pyrite (cpy) with carbonate (c) is later replacement 
sulfide stage. 

Figure 39. Polished section photomicrograph of sample CC-82-35 
(plane reflected light). Open space deposition of 
pyrite (py) and sphalerite (sl) with strong exsolution 
chalcopyrite (cpy). Gangue is calcite (c). 
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Figure 40. Polished section photomicrograph of sample CC-82-52 
(plane reflected light). Quartz (q) with chalcopyrite 
(cpy) and digenite (di) from weakly oxidized pyrite-
chalcopyrite-bornite quartz vein. 

Figure 41. Polished section photomicrograph of sample CC-82-30 
(plane reflected light). Pyrite (py) replaced by 
supergene hematite (ht) in moderately oxidized 
replacement ore. 
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FLUID INCLUSIONS 

Thin sections cut from samples collected in 1981 contain abundant 

fluid inclusions. Fluid inclusions were observed in igneous quartz 

and quartz veins from samples collected at the Alice E., and plans were 

made to study the inclusions as part of the ~hesis. The specimens 

collected in 1982 were carefully chosen to rep resent the gold minerali-

zation present in the Alice E. area. Gold was detected in all of the 

samples from which polished plates were prepared. 

The fluid inclusion study was limited to heating studies due to 

the fact that many of the inclusions were too small to freeze or they 

contained halite daughter crystals which enable salinity estimates to 

be made during heating. 

Types of Inclusions 

Numerous schemes have been used to classify fluid inclusions. 

The classifications used by Nash ( 1976) has four types of inclusions 

which are based on phase relationships which are observable under an 

ordinary petrographic microscope. The four types are: 1) two phase 

liquid-dominated with vapor; 2) gas rich; 3) halite-bearing; and 4) 

CO 2 rich. 

The first three types are present in Alice E. samples but CO 2-

rich inclusions were not observed. The phase relationships of inclu-

sions observed are presented in Figures 42 and 43. 
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Figure 42. Sketches of fluid inclusion types observed in Alice E. 
vein and open space breccia filling quartz 
(Adapted from Nash, 1976). 

Figure 43. Polished plate photomicrograph of sample CC-82-53 
(plane light). Halite-bearing primary (Type III) 
fluid inclusion in open space breccia quartz with 
pyrite-gold mineralization. The halite-bearing 
inclusion in the center of the photo is approxi-
mately 10 microns in length. 
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Two Phase Liquid-Dominated Inclusions (Type I) 

The most common inclusions in Alice E. vein quartz contain two 

phases and occasional birefringent (dawsonite?) and opaque daughter 

minerals. Estimations of salinity are crude but based on the fact that 

no halite daughter crystals were observed, these inclusions contain 

less than 23 wt. % Na Cl. 

The inclusions are liquid dominated with vapor content at room 

temperature ( 18°C) averaging 20 volume percent. 

Gas Rich Inclusions (Type II) 

Gas rich inclusions occur in one sample from the Alice E. vicinity. 

The sample is from the stock work zone exposed in Miller Creek. These 

inclusions show a large variation in liquid to vapor ratios and are often 

gas dominated. In other aspects these inclusions are similar to Type I 

inclusions. 

Halite-Bearing Inclusions (Type III) 

Halite daughter crystals were observed in inclusions in igneous 

quartz phenocrysts and quartz veins. They are the second most 

abundant type of inclusions in the Alice E. area. 

Opaque to reddish (hematite?) daughter minerals are common in 

Type III inclusions. Anhydrite(?) was observed in a few inclusions 

during the study. 

Type III fluid inclusions are liquid dominated with vapor contents 

of 5 to 20 volume percent observed in vein specimens. Type III 
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inclusions occur throughout the area investigated and may occur with 

Type I and or Type II inclusions in the same sample. 

Homogenization Temperatures 

Heating studies were conducted using a calibrated Roman Science 

heating stage. 

The vein samples contain abundant inclusions. Primary and 

pseudo-secondary inclusions were selected for homogenization tempera-

ture determination. Secondary inclusions formed in healed fractures 

were avoided due to their uncertain origin. 

The heating studies show that the homogenization temperatures 

for inclusions in ore stage quartz range from 320°C to temperatures 

which exceeded the limits of the heating apparatus (530°C) (Table 6). 

Homogenization temperatures for inclusions in discrete samples 

often yielded highly variable temperatures as is demonstrated in 

Table 6 and Appendix Table 11. 

The data are presented on the mineralization map (Plate 2) to 

show the spatial relationships of the veins that were studied. 

The highest temperatures were observed in a sample from the 

stock work zone. Breccia pipe samples and vein samples from the 

eastern part of the study area all contain inclusions that homogenized 

at much lower temperatures than those from the stockwork zone. 

The highest temperatures occur in the lowermost exposed mineralized 

zone suggesting that a vertical temperature zonation existed in the 

hydrothermal system depositing the quartz veins. 



Table 6. Fluid inclusion data obtained from heating stage study. Filling ( homogenization) 
temperatures are for quartz from vein and breccia samples located on Plates 1 
and 2. 

Inclusion Filling Temp. Mean Filling Replicate Inclusions 
Sample Types Range (OC) Temp. (OC) Analyses (OC) Analyzed 

CC-82-1 I, III 327 to 426 380 ± 3 21 

CC-82-52 I 342 to 421 370 ± 3 5 

CC-82-53 I, III 352 to 470 398 ± 3 10 

CC-82-60 I' III 319 to 321 320 ± 2 4 
CXl 
CXl 

CC-82-63 II, III 447 to 530+ ? ± 5 4 
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Gas-rich inclusions present in the stockwork zone are evidence 

that boiling accompanied mineralization in the zone now exposed in 

Miller Creek. 

Lateral temperature zonation in quartz veins is exhibited in the 

veins throughout the east part of the thesis area. Temperatures 

decrease towards the margins of the breccia pipe and show a decrease 

in temperature away from the breccia in veins up to 1,000 feet from 

the pipe, where the coolest temperatures ( 320°C) were recorded 

(Plate 2). 

Fluid inclusion homogenization temperatures are similar to those 

reported for porphyry deposits (Nash, 1976) and breccia pipe deposits 

(Sillitoe and Sawkins, 1971; Carlson and Sawkins, 1980). These data 

clearly establish the Alice E. mineralized zones as high temperature 

and "porphyry"-related. 

Salinity 

Salinities of halite-bearing (Type III) inclusions were determined 

by observing the dissolution of the halite cubes upon heating. The 

salinity of inclusions is generally greater than 30 wt. % NaCl and in 

some inclusions may approach 60 wt. % NaCl. The salinity data were 

obtained by plotting the dissolution temperatures on a standard curve 

(Fig. 44) for halite dissolution. The highest salinities were encoun -

tered in inclusions whose halite cubes did not dissolve at temperatures 

above 500°C. 

The presence of vapor-rich inclusions (sample CC-82-63) is evi-

dence that boiling occurred at a level that is now exposed in Miller 

Creek. Halite-bearing inclusions are abundant in samples collected 
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from the stockwork in Miller Creek and in veins and breccia which are 

exposed at higher elevations in the study area. The high salinities 

observed may be the result of boiling concentrating NaCl by simple 

distillation. On the other hand, primary halite-bearing inclusions are 

abundant in igneous quartz phenocrysts suggesting that the late 

phase quartz rich porphyries were distinctly saline at the time of 

crystallization. It is probable that the late magmatic hydrothermal 

fluids were highly saline and through boiling, salinity was maintained 

even though much of the hydrothermal fluid may have been of meteoric 

origin. 

The evidence of boiling and the presence of a highly saline ore 

fluid provide conditions that will allow the transport and deposition of 

gold, copper, and zinc from a high temperature ore fluid. 



GEOCHEMISTRY 

A total of 55 samples were collected for geochemical analysis 

during the 1981 and 1982 field seasons. The samples are all rock 

chip samples collected from pits, dumps and mineralized outcrops. 

Elements selected for analysis include Au, Ag, Cu, Mo, Pb, Zn and 

Te (Table 7, Appendix). 

The small sample population prohibits detailed statistical analysis 

of the data, however certain geochemical trends can be inferred from 

the data. A brief discussion of the distribution of these elements in 

the study area will help in developing the model for ore deposition at 

the Alice E. 

Gold 

Gold was detected in 45 of 55 samples analyzed. Gold content in 

these samples ranged from the detection limit of O. 03 ppm to a high 

of 10. 58 ppm. 

The highest grade samples were collected from the sheet fractured 

zone of the Alice E. mine. Sampling and analyses indicate that gold 

content is dependent on the degree of silicification-veining in this 

zone. 

Most gold-bearing samples from the Alice E. are oxidized to some 

extent. The oxidation of copper-gold pyritic ores would leave a 

residual of Fe-oxides and gold. This is the case for Alice E. oxide 

samples. 



93 

Other gold-bearing rocks in the area include mineralized breccia, 

quartz veins and stock works, mineralized dikes, and rocks pervasively 

mineralized with disseminated sulfides. 

Silver 

Silver was found in detectable amounts in fewer rocks than gold 

in the study area. Anomalous amounts of silver occur in only a few 

specimens from the oxide zone of the Alice E. Silver is often easily 

enriched in the supergene environment and this clearly is the case at 

the Alice E. 

It should be noted that most of the silver in the New World Mining 

District is found in replacement and vein deposits in carbonate rocks 

that surround the district. The deposits of the central portions of 

the district are gold dominated. The early work of Lovering ( 1929) 

documented the precious metal zoning. 

Copper 

Copper was found in amounts ranging from 10 ppm to 0.125 per-

cent. Anomalous copper in the District samples is often associated 

with gold and sometimes with molybdenum. Copper and gold are found 

together throughout the central portions of the New World District. 

Copper minerals present in the Alice E. ore assemblage are 

chalcopyrite (CuFeS 2), bornite (Cu 5FeS 4), digenite (Cu 2_xS), . and 

covellite (CuS). 
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Molybdenum 

Molybdenum was detected in most samples of the study. Values 

ranged from 2 ppm to 591 ppm Mo. The sample containing 591 ppm 

was from a quartz vein with visible molybdenite. This sample was 

collected from a prospect pit at the extreme northwest corner of the 

study area. 

Zinc 

Zinc is present in every sample that was analyzed. Sphalerite 

was most often observed in the breccia pipe as open space and replace-

ment mineralization. It occurs in the stratigraphically higher parts of 

the breccia pipe. 

It is evident that zinc was deposited outside and above the copper 

and gold deposition. Zinc shows spatial and temporal relationships 

with other base metals that are consistent with the predicted modes of 

transport and deposition. 

Lead 

Lead was detected in most of the geochemical samples from the 

study area. The highest value of O. 2 percent Pb was from a sample of 

moderately oxidized replacement ore. 

The district wide metal zonation (Lovering, 1929) shows that most 

of the lead was deposited outside the study area, where lead and silver 

deposits are dominant. Pb and Ag were carried in solution further from 

the thermal source than Cu, Au, and Zn. 
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Cu-Mo-Au Relationship 

Several recent studies of porphyry deposits have attempted to 

relate Cu, Mo and Au contents to plate tectonics and the petrologic 

processes that have resulted in the formation of these deposits 

(Kesler, 1972; Titley, 1978). The studies show that Cu-Au dominated 

deposits occur in island arc settings and are often associated with 

alkalic porphyry intrusives and coeval volcanic rocks. The most 

noteworthy of these deposits occur in the southwestern Pacific region 

and the Intermontana region of British Columbia, Canada. Cu-Mo 

dominated porphyries are rriost often associated with calc-alkalic por-

phyritic igneous rocks intruded into continental margins (southwestern 

United States). The huge porphyry deposit at Bingham Canyon, Utah, 

is an obvious exception since Cu, Au and Mo are all present in 

economic quantities. 

Comparison of Cu, Mo and Au contents for the Alice E. and vicinity 

(Fig. 45) show that these are important constituents of the metalliza-

tion. 

The high gold values are the result of supergene enrichment of 

Cu-Au ores. It is apparent that a Cu-Au relationship and a Cu-Mo 

relationship exists. Au and Mo do not appear to be related. 

The Alice E. system may be similar to Bingham Canyon, Utah 

with respect to copper, gold and molybdenum contents. 



Cu 
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Figure 45. Plot of compositional data for 55 Alice E. 
samples. 



DISCUSSION 

Breccia Pipe Genesis 

The Alice E. breccia pipe formed during a complex sequence of 

events that began approximately 55 m.y. ago. Geologists have argued 

for decades about the genesis of breccia pipes. The factual data avail-

able for the Alice E. breccia pipe do not clearly establish the origin 

of the pipe, but evidence suggests that two currently accepted 

mechanisms could be the source of brecciation within the area studied. 

Withdrawal of magma from a high level volcanic reservoir would 

evacuate a portion of the magma chamber. Collapse of the magma 

chamber roof would follow with the development of a breccia column 

above the collapse zone. This theory is supported by Perry ( 1961) , 

Kents (1964) and Bryner (1961). The features of the Alice E. breccia 

pipe suggest that this mechanism was at least partly responsible for 

the brecciation. 

Evidence for this hypothesis lies mainly in the fact that all frag-

ment movement in the pipe is downward and related to collapse. 

Angular fragments such as at the Alice E. are not characteristic of 

explosion type breccia pipes. Fragment rounding was not observed in 

the Alice E. breccia pipe indicating that a fluidized system did not 

develop at the level now exposed. The model assumes that brecciation 

penetrated the Cambrian rocks of the area but not into the rocks above 

since no lithologies younger than Cambrian age were discovered. 
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This early brecciation is intimately related to the intrusion of 

quartz amphibole latite porphyry dikes into the breccia pipe and the 

surrounding area. The dikes in the breccia pipe occur in a radial 

pattern (Plate 1) suggesting that a small stock may be present at 

depth in the breccia pipe. 

Sheet and stockwork fracturing was created as the felsic intru-

sions were emplaced into the area. Resurgent boiling (Burnham, 1967) 

resulting from the evolution of vapor from a crystallizing magma 

(Whitney, 1975) could have provided the force ("hydraulic ramming") 

(Kents, 1964) for these types of fracturing. 

Chemical brecciation ( Saw kins, 1969) and mineralized stoping 

(Locke, 1926: Bryner, 1961) have provided little if any contribution to 

the brecciation. The mineralization clearly postdates the early 

brecciation in the Alice E. breccia pipe. 

The breccia is a "collapse 11 breccia that has been created by intru-

sive and subsequent hydrothermal activity. 

Controls of Mineralization 

The mineralized areas of the Alice E. breccia pipe and vicinity 

can be related to physical and chemical controls which prevailed during 

the mineral deposition. A brief discussion of these physicochemical 

controls will help to define the nature of the mineralization. 

Physical Controls 

The formation of the breccia pipe and the many factures that 

developed about the breccia pipe greatly increased the permeability of 

these rocks. Channel ways were created through which metal-bearing 

fluids were able to pass freely upward and outward from some source 
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at depth. The breccia pipe may have provided access to the upper 

portions of a magma chamber and allowed the volatiles from the magma 

to rise unobstructed through the breccia. The breccia voids and 

veins in the vicinity were eventually filled with ore and gangue 

minerals deposited from the rising hydrothermal fluids. 

The presence of thin -bedded limestones and shales has made 

these rocks particularly susceptible to replacement type mineraliza-

tion. The breccia fragments of these rocks are in many places com-

pletely replaced by oxide and sulfide minerals. The thin beds provide 

high permeability along many bedding planes where replacement is 

initiated. 

The breccia textures and fragment lithologies presently exposed 

show that brecciation extended upward into the Paleozoic sedimentary 

units but did not penetrate into the volcanic cover. It is apparent 

that venting of the system at the surface did not occur. Although 

highly permeable, the system was not truly open. This probably 

enhanced the potential for ore deposition within the pipe. A vented 

pipe would permit much more upward dispersion of the ore fluids with 

less chance for a significant deposit. 

Chemical Controls 

The fluid inclusion study established that gold was deposited with 

quartz and sulfides at temperatures exceeding 450°C and was still being 

deposited at temperatures as low as 320°C. It is evident from sampling 

that the highest grade gold occurs in veins and mineralized breccia 

whose fluid inclusion homogenization temperatures average 380°C. Most 

of the gold was deposited at temperatures below 400°C. 
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Halite-bearing inclusions and the high temperatures of ore deposi-

tion strongly suggest that the metals were carried in solution as 

chloride complexes. Helgeson and Garrels (1968) study of gold solu-

bilities in aqueous chloride solutions indicate that gold is most likely 

transported as aurous chloride complexes (Au +Cl-) at elevated tempera-
2 

tures, 

The ore mineral paragenesis can be adequately explained by the 

breakdown of metal chloride complexes due to cooling and dilution of 

the ore solutions. Mo, Cu, Au and Zn were deposited at progressively 

lower temperatures in the system. The stabilities of chloride com-

1 f h • C 2+ Z 2+ Pb 2+ d A + 1 f 2+ p exes or t e cations u , n , an g are owest or Cu 

. + and highest for Ag (Stanton, 1972, p. 153). This would explain 

the district metal zonation with Cu deposited in the center of the 

district and Ag peripheral to the Cu rich core. The stabilities of the 

metal complexes and the effect of cooling and dilution are important 

chemical controls of mineralization. 

Studies of sulfide-oxide mineral stabilities (Barton et al., 1977) 

show that the activities of oxygen and sulfur in the aqueous phase 

will play an important role in determining the nature of mineral deposi-

tion. The Alice E. paragenesis indicates that a change from early 

oxide to later sulfide mineralization occurred. 

Magnetite and chlorite were deposited due to an initially high 

a 0 probably reflecting the nature of early fluids dominated by 
2 

magmatic products. Extensive epidote-actinolite alteration accompanied 

the deposition of magnetite. 

Sulfide mineralization followed the period of oxide mineralization 

by an unknown length of time. It is apparent that the as relative to 
2 
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the a 0 must have increased during this time. The reason for this is 
2 

unknown but it is possible that as time progressed the input of sulfur 

from a source other than magmatic influenced the sulfur/oxygen ratios. 

According to Helgeson and Garrels ( 1968), gold and pyrite will 

be deposited by a decrease in the oxidation state of the system. The 

change from magnetite to pyrite deposition at the Alice E. is accom-

panied by the deposition of gold as predicted from their calculations. 

Sillitoe ( 1979) pointed out the fact that Au mineralization is often 

associated with magnetite in those porphyries where gold is important. 

Assuming that gold is carried as chloride complexes which at the Alice 

E. became unstable below 400°C, the as in the system may not be .., 
great enough to allow gold thio complexes (Seward, 1973) to form. 

The gold would be deposited along with a minor amount of Fe and Cu 

sulfides. In this manner gold could be concentrated in an area in 

close proximity to the igneous source. These factors are very impor-

tant in the formation of a porphyry gold deposit. 

Estimates of pH can be made based on the observed mineral 

assemblages. Alteration minerals such as actinoli te, chlorite, epidote, 

sericite and carbonate all form in neutral to alkaline solutions. The 

lack of significant hypogene argillic alteration indicates that strongly 

acidic conditions were not developed in the Alice E. system. Since 

boiling occurred, it is possible that an argillic cap may have once 

existed at a level that has now been eroded from the system. The 

level now exposed is within the phyllic zone which commonly underlies 

an argillic and advanced argillic cap in porphyry deposits that are 

intact. 



CONCLUSION AND RECOMMENDATIONS 
FOR FURTHER EXPLORATION 

The Alice E. breccia pipe is a collapse breccia that contains zones 

of mineralization which are related to differentiated calc-alkalic intru-

sives ( quartz amphibole latite porphyry). The mineralization consists 

of sulfides with gold in quartz veins, stock works, and replace men ts of 

carbonate rocks. Mo, Cu and Au were deposited in the deeper higher 

temperature portions of the exposed deposits in and above a zone of boil-

ing. Zn was deposited higher in the mineralized system at somewhat 

lower temperatures. 

The deposit can be classified as Cu, Au, Zn deposit that has 

localized in a large subsidence breccia. 

The most significant gold mineralization occurs in the sheet frac-

tured zone at the Alice E. mine. It is evident that the mineralization 

was con trolled in part by the level of boiling in the sys tern. If the boil-

ing occurred at the same elevation throughout the system, then ore 

might be deposited at similar elevations throughout the breccia pipe. 

The margins of the breccia pipe at the same elevation as the Alice E. 

would be the zones most likely to contain significant sheet fracture 

mineralization. The zone of gold mineralization at the Alice E. mine 

lies just at the southern edge of the breccia pipe. This is the lower-

most exposed portion of the breccia pipe. The northern con tact of the 

breccia is approximately 400 feet higher in elevation than the southern 
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contact. If the gold mineralization occurs at an elevation similar to 

that at the Alice E., the margins of the pipe could be tested for 

additional gold mineralization with drill holes of less than 500 feet m 

depth. The deepest drill holes would be required in the northern 

part of area where the depth to mineralization should be about 400 feet. 

The area also warrants investigation for pervasive potassic zone 

mineralization at depth in the system. If the source of the surface 

mineralization is some larger system at depth, potential for a substan-

tial porphyry deposit certainly exists. Deep drilling in excess of 1,000 

feet would probably be required to test this possibility. 
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Table 7. Geochemical data for 55 Alice E. samples. All values in 
parts per million unless otherwise noted. 

Sample Au Ag Cu Mo Zn Pb Te 

CC-81-1 4.52 34.1 300 2 200 59 69 

81-2 1.95 9.8 70 28 22 81 

81-3 0.16 1.6 38 2 10 7 

81-4 2.06 9.0 15 15 7 

81-5 0.20 4.0 260 46 12 * 
81-6 1.01 6.5 15 14 149 * 
81-7 0.58 5.1 12 14 73 * 
81-8 2.65 8.4 11 16 69 * 
81-9 5.36 10.8 87 2 11 5 * 
81-10 1.66 0.5 47 1 2 * 
81-11 4.5 250 44 32 * 
81-12 1.2 69 34 15 * 
81-13 1.7 172 2 50 5 * 
81-14 1.2 96 22 11 * 
81-15 4.9 470 3 168 167 * 
81-16 2.0 26 3 8 2 * 
81-17 2.0 390 98 14 * 
81-18 2.3 170 157 68 * 
81-19 19.3 750 10 460 1540 * 
81-20 3.0 300 66 28 * 
81-21 0.17 5.2 310 2 38 98 * 
81-22 2.02 10.2 10 13 42 * 
81-23 1.97 90.0 74 4 33 168 * 
-- element not detected 
* element not analysed 
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Table 7. Continued. 

Sample Au Ag Cu Mo Zn Pb Te 

cc- 81-24 6.06 143.0 20 3 26 88 76 

81-25 0.20 5.0 28 17 33 2 

81-26 0.94 11.3 58 2 100 42 127 

81-27 0.48 8.2 118 82 21 60 

81-28 10.58 8 .. 6 35 4 27 158 12 

81-29 0. 68 3. 1 109 3 24 10 6 

81-30 0.03 1.3 320 64 17 4 1 

81-31 0.20 2.4 360 84 22 2 

81-32 0.51 2.8 600 45 34 5 2 

82-6 0.03 4.0 324 591 148 62 * 

82-15 0.04 172 68 87 68 * 

82-17 0.03 17 24 31 32 * 

82-35 0.09 1.0 464 31 4,42% 165 * 

82-40 0.07 668 22 405 130 * 

82-41 0.09 30 5 309 51 * 

82-42 0.03 21 6 48 40 * 

82-43 0.05 434 3 177 43 * 

82-46 0.03 315 3 207 62 * 

82-50 0.66 4.0 823 21 217 0.21% * 

82-52 1. 16 3.0 415 9 60 21 * 

82-53 0.04 90 7 87 32 * 

82-54 0.05 1.0 354 6 69 68 * 

82-55 0.01 131 6 116 79 * 

82-56 0.37 92 33 105 292 * 

82-61 0.01 11 13 55 121 * 
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Table 7. Continued. 

Sample Au Ag Cu Mo Zn Pb Te 

CC-82-62 0.03 186 11 64 82 * 
82-63 0.02 388 7 50 66 * 
82-64 0.03 716 19 60 57 * 
82-65 0.06 0.125% 4 62 39 * 
82-66 0.03 132 5 115 55 * 
82-67 0.02 210 6 98 61 * 
82-68 0.04 78 4 87 49 * 
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Semi-Quan ta ti ve Method of Determining 
Quartz Contents of Porphyritic 

Aphanitic Rocks Using 
X-Ray Diffraction 

Edward L. Cope 
Department of Earth Resources 

April 15, 1983 

A method for determining the quartz contents of porphyritic 

rocks with an extremely fine grained groundmass ( 0.01 mm) was 

used to aid in obtaining modal data necessary to classify the igneous 

rocks. The staining of cut specimens aided greatly in estimating 

groundmass compositions of most of the rocks, but several samples 

were difficult to determine. These samples were selected for analysis. 

The method used here was recommended by Dr. L. K. Burns, Colo-

rado State Earth Resources Department. 

Sample Preparation 

The samples of porphyry were crushed and separates of the 

light minerals were prepared by extracting the minor magnetite and 

mafic minerals by magnetic isodynamic separation methods on a Frantz 

magnetic separator. The light mineral separates were then powdered 

and applied to standard glass slides using acetone. 

Preparation of Standard Samples 

Standard synthetic rock types were prepared by combining 

appropriate rock type weight percent quantities of quartz, orthoclase 
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and oligoclase. The mineral samples were obtained from the Colorado 

State Earth Resources Department mineral collection. The minerals 

were powdered and the synthetic rock type were weighed out on the 

analytical balance. The rock standards were created according to 

the weights of each mineral as shown in Table 8. 

Table 8. Quartz, orthoclase and oligoclase contents of synthetic 
rock standards. 

Latite Rhyodacite 

wt.% grams wt.% grams 

Quartz 2 0.01 25 0.125 

Orthoclase 49 0.245 37.5 0.1875 

Oligoclase 49 0.245 37.5 0.1875 

100 0.5 100 0.5 

The standard samples were mixed thoroughly and applied in the 

same manner as the unknown samples to glass slides with acetone. 

X - Ray Procedure 

The samples were run on a General Electric X-ray diffraction 

machine using Ka radiation. The samples were started at 6° 2 8 and 

run to 65° 2 8 at a speed of 2° 28 per minute. 

Assimilation of Data 

The X-ray diffraction patterns obtained from the standards 

and unknowns were studied to isolate and select a quartz peak that 

could be used for comparison purposes in all of the samples. The 60° 
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28 peak was chosen and the area under this peak was measured for 

each X-ray diffraction pattern. The areas were determined using an 

electronic planimeter and recorded in square inches. The results are 

presented in Table 9. 

Table 9. Data obtained by measuring the area under the 60° 28 
quartz peaks from X-ray diffraction patterns. 

Sample 

Standard La tite 

Standard Rhyodacite 

CC-82-9 

CC-82-45 

CC - 82-68 

Area Inches 2 

0.005 

0.043 

0.009 

0.037 

0.069 

Graphic representation of the data (Fig. 46) allows determination 

of quartz contents of the unknowns by comparison or ratioing them 

against the standards. The weight percentage of quartz in the three 

unknown samples is presented in Table 10. 

Table 10. Weight percent quartz for three Alice E. samples, 

Sample 

CC-82-9 

CC-82-45 

CC-82-68 

wt. % Quartz 

3,5 

21.5 

41.0 
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Figure 46. Graphic representation of X-ray diffraction data. 
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The densities of the three minerals quartz, orthoclase, and 

oligoclase are similar, allowing direct conversion from weight percent 

mineral compositions to volume percent composition. The volume per-

cent quartz was used in determining the modes of the porphyries 

that presented classification problems. 
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Table 11. Heating stage data for primary fluid inclusions in quartz 
related to sulfide-gold mineralization at the Alice E. mine 
and vicinity. 

Filling Temp. Mean Filling Halite 
Inclusion Trials (°C) Temp . Dissolution 

Sample Type 1 2 3 (OC) (OC) 

CC-82-1 III 357 360 359 359 

I 330 324 328 327 

I 353 354 356 354 

I 373 372 369 371 

I 373 372 369 371 

III 380 383 382 

I 350 351 351 

I 353 352 351 352 

I 363 364 361 363 

I 373 374 372 373 

I 385 386 385 385 

I 357? 354 354 354 

I 425 426 427 426 

III 307 408 407 407 180 

III 380 380 380 380 187 

I 398? 401? 395 395 

I 391 389 389 389 

I 380 380 380 380 

I 418? 415 415 

CC-82-52 I 422 422 420 422 

I 372 373 372 372 

III 358 360 360 360 250 
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Table 11. Continued. 

Filling Temp. Mean Filling Halite 
Inclusion Trials (°C) Temp. Dissolution 

Sample Type 1 2 3 (OC) (OC) 

I 360 357 357 357 

I 345 342 338 342 

CC-82-53 I 430 430 431 430 

I 446 449? 446 446 

I 358 358 358 358 

III 472 469 472 470 +500 

I 398 399 400 399 

I 351 352 352 

III 421 419 418 419 

I 353 353 354 353 

III 369 371 369 370 

I 385 383 386 385 

CC-82-60 I 295 296 296 296 

I 319 320 319 320 

I 321 321 321 321 

I 319 318 319 319 

CC-82-63 I 493 497 495 

II +530 ? 

I 443 447 449 447 

I 520 519 520 

I 465 465 
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