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ace buildings of the stride ef the West Mine



The Pride of the West veln system is situated in Cunningham Guleh,
near Bilverton, Colorado. Four months was wt by the writer in geo-
logical fleld studies of the property and mmw four months in labore-
tory work. The field studies included surface and underground geologic
mapping, together with a magnetemeter survey of the vein system.
Laborstory work included petrographic and mineralographic examinations
of rock and ore specimens.

The Pride of the ¥West veln system constitutes one of the southern
veins ond fissures of the Silverton volcanic center. This system is a
voln-filled fissure zone linked by numervus small froctures. It dips
steeply to the southwest and strikes 19 degrees to the northwest.
Although the fissure system has boen traced for more than 4000 feet along
$ts strike, mineralization has been found to be present for only a little
over half this distance. In depth, the mimeralization has been found %o
be continucus for at least 900 feot.

Since 1880 production of ore from the Pride of the ¥Wast Mine has
baon intermittent, but it is estimated that ore to the value of $2,%00,000
has been produced since that time. The Osceols Mine, which lies to the
north of the Pride of the West Mine on the same vein system, has produced

a2 smaller quantity of ore. The chief metal produced from the vein system
is lead, followed in oxder by zinc, silver, and gold.



Rocks in the vicinity of the vein system consist of pre-Camborian
schist, overlain by & nearly horizontal complex of Tertiasry lava flows
and pyroclsstics. Isclated mseses of Mississippian limestone occur,
engulfed in the lava flows and pyreoclastics. It is thought that these
masses originate through the undercutting action of the lavas amd pyro~
clastics when they flowed over or sround the limestone ocutcrops. The
source of the limestone masses is believed to be several miles to the
south of their present position and at a considerably higher elsvation.

Replacement was here the dominant process of vein formation,
although open~space filling was often obsexved. The mineralization
falls within the epithermal-mesothermal temperature range and produced
massive sulphides. The sulphide ore minerals were deposited in a rsla-
tively short time and were preceded and followsd by the precipitation
of extensive amounts of quartz and lesser amounts of carbonate. The
order of sulphide deposition is well defined and is pyrite, sphalerite,
galena, chalcopyrite and tetyahedrite. Hydrothermsl alteration was weak
and resulted in cccasional development of chlorite, sericite, and clays.
A definite propylitic alterastion i¢ associsted with the most northerly
part of the veln system. Supergens alierstion is rractically sbsent
because of the excessive rate of exosion.

The major geologlic features controlling the mineralizstion include
1ithology, jointing and rock contacts. The andesitic-type flow breceia
appears to be lithologically the most favorable host rock, with latite
flow breccia next in importance. This lithic favorability is probably
determined by the fracture characteristics of the rocks. Minor geolegic
featuzres controlling wmineralization are gougy siip planes and changes in
strike and dip of the vein.



The purpose of the geoclogic investigation st the Pride of the West
Mioe snd assoclated mining properties was to determine, iF possible,
the geolegic festures controlling the lecalization of the sineraliza~
tion in the Pride of the VWest wein system,

In order to deteymine ths above controls, the following procedures
wore undextakens

1. Detaliled geologic maps of the underground workings of the mines
situated on the Pride of the West veln system were prepered.

2. Detalled and reconnaisance geologic mepping of the surface was
undertaken in the vicinity of the Pride of the VYest vein system.

3. Hagnetometer end gecchemical traverses of the wvein system were
carriod out.

4, Detalled fleld and laborstory studies of the mineralogy and
petrography of the area were made.



The Pride of the ¥est Mine is located in the Animas mining district,
approximately five ndles due east of Silverton, San Juan County, Colorvado
(Figure 1, pege 6). This mine, together with the Osceola, Little Fanny,
snd Green Hountain Mines, is situated on the east side of Cunningham
Gulch and on the west flank of Green Mountain (Plate G).

Ground covered by these mines an! the surrcunding srea will be
termed the "Pride Areas® for the purposs of this thesis.

The Pride Area is spproximately twd and a half miles from the small
town of Howardsville, which 1s situated at the confluence of the Animas
River and Cunningham Cresk, a northerly flowing tributary. The mines in
the Pride Avea are accessible from Howardsville by a moderately steep
graveled road, which is kept open throughout the year by the County, |
except for short periods when severs rock and snow slides occur. From
Howardeville access to Silverton is by way of Highway 1103 and from
Silverten both Cursy and Duvango ¢an be resched by Highway 580 (Figure 1,
page 6).

The first geclogic mapping in the San Juan Hountains was done by

membexs of the Hayden Survey on a scale of four miles to the inch and
published during the peried 1874 to 1877. This survey was followed by
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more detalled geologic mapping of the western part of the San Juasn
Hountains prepared by W. Cross and his assocliates and published by the
United States Geological Survey. Included in this latter work is a
United States Geological Survey Atlas of the Silverton Quadrangle, pub-
lished in 1900 st a ecale of cne mile to the inch., This is the only
svailable mep that shows the geology surrounding the Prids of the Weut
Bine, although a detailed map of the Arrastre Basin direttly to the west
of the mine area has been published by Varnes (1948),

The Pride of the Yest Mine was first desoribed by Ransoms (1901,
ppe 169-170) in the economic report of the Silverton Quadrangle of 1901,

Vein systems of the Arrastre Basin, divectly to the west of the
Pride Mine Ares, were discussed by Burbank (1933, pp. 135-214) in 1933,
He sleo dissussed at some length, in the same paper, the ragional geo~
logic strueture of the Silverton and Telluride quadrangles.

Brinker (1940) undertock a privats examination of the Pride of the
Hest and Green Mountain Mines for the Denver Equipment Cempany. Also
during 1940, H. 8, Sandevson amd A, L. Kroeger mude a joint map of the
Fride of the ¥West Mine and adjatent propertiss. This mine map was found
to be reasonably accurats by the writer and was used a8 a base map for
underground geclogic mapping,

In 1950 the Pride of the West and associated mines were described
by King and Allsman (1950, pp. 71~74) in 3 Bureau of Mines Information
Circular. ‘

Hagen (195)) completed & thasis problem st the Green Mountain Mine.
As the Creen Mountain Mine is not directly related to the Pride of the
Rest vein system, only Hagen's surface maps of this mine have been
incorpurated with the Pride of the West maps.



Fleld work was carried on for four months at the Pride of the West
¥ine during the suwmers of 1950 and 1951. Approximately half of this
time wes spent in mapping the undergrowd geology of the Pride of the
West and Osceola Mines. Surface work occupied the remeinder of the time,
which was divided among a trisngulation survey, geologic plane teble mape
ping, and magnetometer and geochemitael traverses.

Time spent on petyographic and mineralographic sxamination of thin
sections and ores at the Coloredo Sthool of Mines averaged about four

monthe,

The writer wishes to acknowledge with thanks, the assistance given
to him by the offielale of the Great Esstern Mining Corporation and
espaciaslly to W, H. Chase, General Managery WMr, C. ¥W. Flemming, Foremamy
and to My, R. Hellman, Generasl Maintenance. He also is indebted to the
staff of the Geology Department of the Colorade School of Mines, snd in
particular te Dr. Truman H. Muhn, DOr. Robext M. Carpenter, Kermit S.
Herness and George D, Fraser. For essistance in the field he i indebted
to Margaret P. Cock and John C. Hagen.
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The San Juan Mountains constitute an aree of 3,000 square miles on
the westexn side of the San Juan Volcanic Ares, which 1s a deeply scored
volcanie plateau situated in southwsstern Colorado, snd adjacent parts
of New Mexico (Pigure 2, page 10).

The San Juan Mountains form a group, rather than a chain of high,
rugged mountains. These mountains are an outlying group of the Southern
Bocky Mountain reglon, which extends from Central Mew Mexico through
Colorado to Southern Wyoming.

A greater part of the mountain ares sonsists of high and rugged
poaks, with only sbout one percent of the ares having en elevation of
less then 7,000 feet and at losst fourteen peaks having an elevation in
excess of 14,000 feet. Foothills from a conspicuous feature of the San
Juan physiogrephy on the scuth and east flanks only: elsevhere, they
rise with comparative abrupiness from the edjecent plateaus and lowlands.

Canyons that radiate from the mcuntaing sre a strikingly charscteristic
feature and grestly facilitate travel in the mountains.
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r a g ar anh 3 e

of the Pride of the West Arsa

The Pride of the ¥Vest Avea ie located in Cunningham Gulch, a deep
canyon with precipitous walls through which flows the largest tributary
of the Anlmae River sbove Silverton. The Guleh is bounded on the west
by King Solomon Mountein gnd on the esst by Celena and Green Hountains,
all of which excesd 13,000 feet in elevaticn., Pride of the West, Csceoclas,
and Green Mountaln ¥ines, all have first-level adit elevations ranging
betwesn 10,300 and 10,400 feet, while the Little Fanny Mine adit is at
ely 11,600 feet.

Part of the San Juan Mountains are traversed by the Continentasl
Divide. The Divide, which cuts the northeast corner of the mountains,
travels in 2 simuous smenner to the center of the group and then turns
toward the south.

The Sen Juan Mountaing supply water to two msjor river systems.
Hater from the ares east and south of the Continental Divide ﬁfmn into
the Ric Gramde and thente into the Gulf of Mexicoy water from the avea
noxrth and west of the Divide floews into many of the headwater branches
of the Colorado River, which in turn flowe into the Oulf of California.



iz

Tributaries originating in the San Juan Hountains show a radisl pat-
torn from ithe center of the region to the outside. Larger valleys com-
monly are "U" shaped, and the master streams are in general working at a
depth of 5,000 to 6,000 fest below the adjscent sumsits. The Animas River,
the largest river in the San Juan Mountains, flows in a general southerly
direction through the center of the western portion and finally joins the
San Juan River st Farmington, New Menico.

Precipitation varies greatlyy it ranges from 30 %o 50 inches in the
heart of the mountsins, from 10 to 20 inches in the peripheral belt of
lowlande, snd below 10 inthes in the adjecent arid plateeu country.
Snowfall aversges betwesn 20 and 30 feet in the higher mountains. The
last heavy snowfall usually cccurs in early June, and the first winteyr
store occurs shout the middle of Octoberxr. HNormally the traile are snow
bound from the last of Oc¢ r until the last of May, but access through
the deeper mountain valleys ¢an be had throughout the entire vear, except

at times of severe avalanches.

It has been the writer’s experience that, during the wmonthe of July
and August, intesmittent showers and thunderstorms can be expected betwaen
ten o'clock in the moyning and five o'clock in the evening.

wing to the influence of the mountains, the weather conditions are

much more uniform than those on the platesu, and severe heat and cold
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waves are comparatively rare. DBecsuse of the high altitude, a sharp con-

trast exists between day and night temperstures, and an adequate supply
of blankets should be taken by anyone contemplating camping out in the
mountains. The temperatuyre in Jonuary varies from 13 to 20 degrees, ad

averages about 5% degrees in July snd August,

Floxas of _the

Vegetation is dirsctly related to altitude and rainfsll. In the
periphersl plains, vhere climatic conditions are semi-arid, there are
abundant grasses and sagebrush and other low shrubs, but few trees.
Where aress are mountainous, the timber growth covers the entire slopes
up to timber line, which ranges between 11,000 and 12,000 feet, Above
tisber line the slopes ave covered with gresses and alpine plantsg howe
ever, many of the slopes at this altitude are se precipitous that erosion
is extrengly rapld and a soil cover is unable to form.

Host of the Jan Juan Mountains are in Nstional Forests. The Pride
of the Viest Area is situated along the northern bopder of the San Jusn
National Forest.
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Population

The San Juen Mountain ares is sparssly settled, the population being
concentrated in the valleys noar the borders of the mountaine and in the
mining towns within the mountains. Silverton, the lsrgest mountain town,
has a population of well over a thousand, and both Curay and Telluride have
populations of Jjust under a thousand, Duxango, scuth of the mountains,
and Montrose noxth of the mountains, have considerably larger populations.

Chief industries ave stock ralsing, lumbering and mining., Tourist
trede offers great potentialities for the region because of the spettacu~
ler alpine scenery, but the lack of good accomodations for touriets has
prevanted its development. The chief industry until about 1900 wes mine
ing, but now this industry hos declined. In the last few years there has
baen a striking increase in mining sctivity, and it is preobable thet the
increasing world shoztage of base metals will produce a revival of mining
in this region. The mining industry is favored by the abundance of locsl
timber for mine workings.

Originally rallways ssrved most of the mountainous area, connecting
the local mining conters with the plaing area. Since the decline of the
mining industyy, all of the mountsin railwsys have been discontinued. A few



good automobile veads traverss the mountains. These sre passable for the
antire year, sxcept in times of severe avslanches, There axe slse rumer
ous small dtxasils, used by nimers and prospectors, but these ave Sapassable
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Quaternary history of the Gan Juan Rountains has been worked out in
detail by Atwood and Mather (1932, pp. 27-32) and the following dfscus-
sion represents a partial sumayy of their work. Because this history
s oxtremaly complex in all its detalls, only an cutline will be pre-
sented here.

The first important event in the physicgrephic history of the present
San Juan Hountsins was the formation in late Pliccene time of the San Juan
peneplane. Deformation of the peneplane surface into a lerge dome ante-
dated the development of practically all existing tepographic festures of
the region. Warping of the center of this surface to sboaut thares thouw
sand feat sbove the reriphery probably is responsible for the present
radial dralnage of the mountains. The Animas River departs from this
radial patteyn since its course partly retained its ancestral charasctox
and was not affectad by the slow warping of the peneplame. Deformation
of the San Juan peneplane according to Atwood and Mather (1932, pp. 21-26)
marked the transition from Pliotene te Pleistocene time,

Erosion that followed the deformetion of the San Juan peneplane has
beon termed the Florida cycle. Many of tha present desp canyons show the
effects of this erosion cycle by an outer troughlike form with compava-
tively gentle slopes. It is possible that the change in slope of the sides
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of Cunningham Gulch sbout a thousand feet sbove ite base 1s related to
this erosion cycle. Haster streams were brought to grade during this
same cycle, and the Flerida cycle is now recognized by benches or shoul-
ders high on the axisting walls. The Florida cycle was interrupted by
a period of glaclation termed the Cerrc stage, and it is probable that
this was the greatest glascial stage in the San Juan Mountains. A new
domal uplift, which raised the center spproximately 2,000 feety, terminated
the Florida cycle and caussd a vast rejuvenstion of the existing rivers,

In the center of the San Juan Mountains, ercsion formed canyons
hundreds and even thousands of foet desp by a cycle of erosion termed the
Canyon cycle. After the beginning of the Canyon eyclae, the region was
again subjected to 2 glaclial apoch termed the Durasnge glacial stage. The
affect of this glaclation was similsr to that of the Cerre stage, with
the characteristic features of Alpine glaciation befing formed. The Dure
ango stage was followed by another glacial stage termed the Wiseconsing
and this is the last evidente of glaciation in the San Juan Bountains.
Huch of the remarkable scensyy today is a result of thls Wisconsin glacis~
tion. There were probably only small amounts of ice«free lond at the
time of the Wisconelin maxiswunm in the San Juan #ountains. However, this
glsciation was all in the form of valley or alpine fce and all the gla-
clers terminated in the mountain’s foothill zonme. The lavgest valley
glacier, the Animas, with an aves of 400 sguare miles, prebably covered
two-thirds of the Silverton Quadrengle. With few exceptions, the main
catchaent basins for the Wisconsin ice originated at elevations of 12,000
to 1000 feet. The main results of this glacistion are hyiefly summarized
belows

1. Clrques were developed, especially in the Hilverton Quadrsngle,
whare practically every peak is surrounded by deep cirques.
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2. Desply scoured basins and the "U® shaped profiles for practi-
cally all valleys in the mountaine were formed.

3. A large number of lakes resulted from the dmﬁng of streams,

4, Fluvioglacial deposite of considerable WW& wore lald down
in the valley bottoms. |

Cunningham Gulch zppears 1o have boen perceptibly deepened by ice,
the yock walls sre scraped clean, intertyributary spurs have been bevelad,
and most of the tributaries now ooeupy hanging valleys, (Figure 3, page 19).

Following Wisconsin glacistion, topegraphic conditions, together with
the prevalling lithologles, wore favorable for the development of land-
slide phenomena. The San Juan Fountsing may be designated as one of the
classic arees in the United States for the development of landslide phe-
nomena, which includes soll cresp, earth slides, mui flows, talus slumps,
rock slides, and rock falls. In the center of the mountaing these fea-
tures are especlally prominant on the steep walle of the clpques and in
the steep~walled valieys. Torrxential wash from spring thaws end otheyw
sources are & common festure in the higher mountains.

In conclusion, it can be stated that erosion snd uplift secting in
Guaternary time has resulted in a highly dissected dome modified by fea
tures effected by intense alpine glaciation. In the relatively short time
since the ¥lsconsin ice retrested from the mountalns, only siight changes
have rasulted in the ares. &itrsums are actively engaged in deepening
thelr chamnela and in only s few cases have canyons been formed since the
Wisconsin ice retreatad. The Canyon cycle $3 thus still in its youthful
stage, having beon interrupted by beth the Durango and Wiscensin glacis-

tion.



Figur# 3.— View looking north down Cunningham Gulch from the Pride of
the West Mine. Note the "U* shaped profile of the valley

which was formed by glacial erosion.
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Regional geclogic history, stratigraphy, petrogrephy and petrology,
structure and econtmdc geology are discusssed under the Wal heading
of geology.

For asase of discussien, the geologic history of the San Juan MHoune
tains has besn divided into pre-Cambrisn, early Paleozoic, late
Paleczoic, Mesozoic and Cenoroic.

The pre~Cembrian rocks have a wide distribution in the San Juan Noun-
taing, bui the only lerge sasses outcropping contimspusly occur in the
southwest and along the northern edge of the meuntains. The rugged Needle
Mounteins situsted in the southwest of Silverton ars composed entirely of
these rocks. The pre-Cambrian yocks are composed of & group of complex
igneovs and metamorphosed rocks that have been tentatively correlated with
the pre~Cambrian rocks of the Front Rangs.
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osed crystal-

The oldest rocks include s series of highly metamorpl
1ine schistes and gnelsses, Thews ocour in the vieinity of the Pride of
the West Hirme and will de discussed later in wore detail, They ave
tentatively correlated with the Ideho Springs formstion of the Front
Range. Injected into this series of rocks was a series of gcid intru-
vives that probably correlate with the Plkes Pesk batheolith and associ«
ated intrusives. Later, a series of basic yocke, including the Irvine
Greenstone, wers intruded intoc the eariier schiste snd gneisses. These
intrusive rocks sre related in age %o the complex of basic igneous rocks
in the Front Range. Aftsr this intrusion, the Vellesito conglomerste and
the Uncompahgre formation, which, together are known as the Noedle Moun-
tain group, were laid down, The Velleclito conglomerate and Uncompahgre
formation vonsist of a series of cwarteites, slates, schists and con-
glomerates of an obvious sedimentary origin and have been tentatively
correlated with the Coal Creek quartzite of the Pront Range. The youngest
pre-Catbrian rocks consist of ancther series of acid Intrusives and are
correlated with the Uripple Creak granits end Sliver Plume granite.

The history of the San Juan Mountains during the early Paleozoic is
sizmilar to that of the Front Range, and the relationship of overlaps suge
gests an intermitient but progressive sinking of the high area in the
Ssn Juan reglon. This sinking, probably yesulted in the extension of
the Faleo-Cordilierean tyough inmlc Western Celeorado.



Late Paleozoic

Late Paleozoic time was characterized by the development in South-
western Colorado of an elevated region with a general northwesterly
trend, termed the San Luis-Uncompahgre geanticline. This geanticline
probably had a similar development to the Ancestral Rockies or Colorado
geanticline of the Front FRange which was formed in Mississippian and
Pennsylvanian times., Evidence from sediments desposited at this time,
however, does not indicate as great an uplist in the San Luis~-Uncompahgre

geanticline as in the Colorado geanticline.

Mesozoic

The Mesozoic era is represented by prolonged accumulation of over
9,000 feet of sediments which were deposited around the margins of the
San Juan Mountains. However, there is no definite proof that these sedi-
ments were deposited over the entire region, hence it is possible that
the San Juan Mcuntains remained a positive area during this time. At the
close of the Upper Jurassic, moderate crustal deformation occurred in the
northeastern part of the San Juan Mountains. The presence of volcanic
debris in the Upper Cretaceous MeDermott formation, indicates that there
was voleanic activity in the area north of Durango. This represents the
first important evidence of volcanic activity in this area since the pre-
Cambrian and gives a forewarning of the tremendous volcanic activity which

later occurred during the Tertlary period.

Cenozolc
Following Mesozolc sedimentation, there was a periocd of peneplanation
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which stripped thick Mesczofc »nd Paleozolc sediments from the eastern
and possibly from the central part of the San Juan Hountaing, After
this peneplanation had teken place there began the formetion of the
so-called ancestral San Juen Hountains. The mountain bullding was
achieved through regiconal uplift and domal deformation of the entire
San Juan province, with 3 differential vertical movement in excess of
10,000 feet., This orcgenic movement probably correlates with the Lera-
mide revolution in the Southern Rocky Mountains., Early in the stage of
crustal movement there began extensive veoleanic cutpourings vhich conw
tinved with interruptions inte the FPleistocens or possibly even more
recont times. A great flat volcanie doms over 100 miless across and
probably severa)l miles high was produced by this volcanic activity. This
dome has subsequently been faulted, slightly tilted, gently folded, and
deeply incised by erosion to form the present fgn Juan Mountains,

In oxder that the volcanic rocks that occur in the Pride Ares mey
be viewed in perspective, a brief review of the Tertiary history of the
San Juan Mountalns is now presented,

The first formation that has been definitely assigned to the Ter-
tiary in the Western San Juan Mountains is the Ridgway tillite, This
formation consliets of s characterietic boulder and pehble t11l, end the
deposits indicate at least twe invaslons of ice, probably of the pied-
mont type, which ccourred arcund the periphery of the uplift. The
ocouryrences of Ridgway tillite in the San Juan Mountains have been corre-
lated with other deposits of till in the San Juan Volcanic ares, all of



which are probably eaerly lTocene in age. This glaciation is probably an
ineldent in the long pericd of ervosion during early Tertlary times.
Rapid erosion of upland surfaces produced vast pledmont alluvial
fane in the lowlends. Acgording to Atwood and Hather (1932, pp. 17-18),
these depcsits sppeer to be of the bolson type siamller to those now

sccumilsting in Scuthwestern U.S.4. These pledmont alluvial fan deposite

accumulated to depths of over 2,000 fest snd heve been termad the Tellu-
ride conglomerate.

Deaposition of the Telluride conglomerate was followed by violent
outpourings of andesitic tuff breccia’ termed the Ban Juan tuff., This
tuff pepresents the fiyst volcanisxs in the region, ®ith the excootion
of hrief late Cretaceocus volcanic sctivity desoribed above in the
¥eDermott formation. Extensive erosion followed deposition of the San
Juan tuff ond a rugged topography was carved into the debris,

This period of orosion wes followad by extrusion of a series of
welledefined flows and breccias termed the Silverton Velcanic series.
The most important rock types in the series are: latite, rhyolite,
pyroxene sndesite, and 3 series of pyroclsstics. The majority of the
rocks in the Pride of the West Aves belong to this volcanic series and
they ave discussed in full detail under that heading.

After extrusion of the Silverton series there was s periocd of
erosion fellowed by ancther perlod of viclent volgenic activity. A
great complex of volcanic formations ranging in composition from andesite
to rhyolite were extruded during this time. This series, perhaps the
thickest of the Tertiary volcanle deopesits in the area, is called the
Potosi series. At the culminstion of thie azotivity the Sen Juan region
was probebly z broad plstesu standing substantiazlly higher then its sur-
roundings,



4gain there followed a greet peried of evosion in which very deep
canyonhs ware cut and before any degres of maturity was resched, snothor
veries of lavas and pyroclastics was extruded. This new series, termed
the Figher Volcanic series, resembled the Silverton and Potosi saries,
with the chief flows having the composition betwsen a2 latite and an ande-
site,

Another period of sxtensive erosion occurred after formation of the
Filoher Velvoanlic series, and the volcanic plateau was carved into a groot
mountain range, termed the late Tertiasry San Jusn Mountains. In Pliccens
time this mountain range was reducod to a graded surface of low relief,
and Atwood and Mather (1932, pe. 20) balisve that this surface is now

:xuprunantﬁd by the summit of the present mountaings. To this sunmit
peneplanc, Atwood ond Hather (1932, p. 21) geve the name, San Juan pene-
plane. The puneplasned surface was subsequently roised twe or three thou-
sand feet and can be correlated niﬁh a general uplift in ﬁauthﬁaataxﬂ
United States. There is s possibility that the Sen Juan peneplane slso
tan be correlated with the Recky Mountain peneplsne of ths Front Range,

Atwood and Mather (1932, p. 27) consider that the deformation of the
San Juan peneplane marks the trensiticn from Tertisry to (uaternsry. This
deformetion woe accompanied by the last veolcanic eplisede of any signifi.
cance in the Zan Jusn zegion when the Hinsdale volcanic sories werse
axtruded, During this woleanic activity structural deformation of the
reglon continved together with great lava floods of basalt and rhyolite,
which, in the San Jusn Neuntains, formed low domes, but which, in Mew
Hexice mnd Southeastern San Juan Voleanic area, formed vast lava plains
hurddreds of miles scross,

Since the Hinsdale volcanics were laid down, the region has been

gubjected to aimost constant crustal werpings. In general, there have



besn two major cycles of evesion since this pericdy the earliest of these
is the Florida eycle, and the second is the Canyon cyele, which is still
in the youthful stage, {See pages 16=19)

Apart from the Curay limestons thaere are no sedimentary rocks in
the Pride Area.

Because the Quray limestone otours as isclated bodies of yocok
enguifed in Tertiary lava flows and pyroclastics the orlgin of the lime-
stone will be treated as e petrelogic problem and will be discuesad
under petrography and petrelogy.

Rotks in the Pride Area renge in ape from pre-~Casbrian to Tertiary.
The pre-Csabrian rocks sre represented by Archean sghists and gnelsses,
the oldest roek type in the San Juan Mountains. The Paleozolc is repre-
sented by the Quray limestone of Upper Deveniasn to Lower Pornsylvenian
in age.
The Tertiary rocks are represented by the Silverton Volcanic series,
which has been divided as follows by Cross and Hows (19093, pp. 7-8):
Pyroxsne Andesite - « « « ~ o = 100-3,000 feot
Burns Latite <« = » = w o o v w .« « 3,200 feot
- Unconformity
M&kﬁmliﬁ&‘*nmu-—»um-X,ﬁ%fm

Unconformity
Plgayune Andesite « « » « o = = « «» 8500 feet



Both the Burns Latite and Bureka Rhyolite occur in the mim.
Burbank (1933, pp. 141-144) has divided the Bureka Rhyolite into the
following members: a Lowex rhyolite flow, a Hedial tuff breccia end
an Upper flow breccia. This sub-division was sasily identified in the
Pride Arwma but as 2 result of the detalled nature of the mepping under-
taken by the writsr, additional units also were recognized,

Gnly the uppermost part of the Lower Eureks Rhyolite wus found to
be exposed in the Pride Ares, ww petrographic studies indicated that
this rock is a latite flow hreeclis.

The Medial tuff bweccia was divided into a lower assssublage of vol-
tanic conglomerates and an upper sssesblage of bedded tuffs. The ccocure
rence of roundsd granite boulders in the lower member made this unit
especlally prominent. A microscopic examination of the upper bedded tuff
momber showed that this rotk is a mised lithic and cxystal tuff of a
rhyolitic to latitic composition., Burbank (1933 p. 143) notes that the
Hodial tuff broccia of the Zureka Rhyolite has been frasquently confused
with the %an Juan Tuff because of simller envirorments.

The Upper flow breccla in the Pride Ares was characterized by varia«
ble composition, It wes found conwenient for mapping purposes to divide
this unit Into thrae divisionss

Rhyolite flow
fndesite flow
Flow breccia {andesitic to trachitic in composition)

This divislon is of speclial significance in the Pride of the Vest
Bine as the flow breccia appears to be favorable for the deposition of ore.

The Burns Latite constitutes one of the maln divisions of the Siiver-
ton serles and was extruded upon the Bureka Rhyolite after s well defined



period of ercsion. This erosion surfsce wes found to be very uniform
with a gentle wostwerd dip. Burbank (1933, pp. 145-15C) has divided the
Burne latite into three divisions:s g lowsr tuff brecciec member, a lotite

flow moember, and upper Wff mesber. The lower tuff brecclis member |
present in the Pride Area but wes found to be too thin and irvegular to
be mepped as & separate unity therefore, it is included with the middie

Four types of dike rock have bsen mapped. These include pre-Casbrisn
"blotite dikes™, Teritlary disbase, granite porphyry and felsite dikes.
With the exception of the last type, all have boen deseribed in detail
by Hagen (1951, pp. 72«92). The felsite dikes that ocour in the vicinity
of the Pride of the West Mine, heve not been determined as to an exset
roek type, because of thely fine grain size and excessive alterstion.

A petrographic sxaminstion was mede, snd the results of this ave found
under the detalled description of reck types. |

This rock is exposed at the surface in the scutheastern part of the
workings of
the Pride of the West Mine in several places. The Green Hountain vein
is situsted almost entively within this rock type.

map srea (Flate G), amd is also exposed in the underground

The rock is massives; forms irvegular, blocky eliffes and is in gen-
gral unweathered, The schistosily etrikes from 45 dogrees to 75 degrees
neytheast and dips st 2 fairly steep angle to the southeast. Thies atti-
tude corrseponds cleosaly with the regionsl strike of the pre-Cashrian
schistesity in the South Silverton ares.



The rock is medium grained with a linear to platey schistosity, amd
varies in color from a black and white mottled rock to a grey and green
mottled rock., ‘Wwertz and blotite can easlly be reconnized in hand speci-
mens, and the fine banding of the rock 1s characteristic over the entire

map arese

Iexture; The rock has a granitoid to schistose texture.

Mineraloavs

Eximary Sescodaxy

m:tg “-Q‘&Q.m ch;mt’

Microcling  ewee25«30% Tremolite

Albite i B 1O Clays

Muscovite v (e 5% Soricite
Hematite

Biotite s e BT

Nornblende  weew= 5-108

,im is arhedral and varies from 0.2 mm.
t0 2.0 mm. in size. Undulatory extinction is very common.

Feldspars are euhedral, twbular grains that zange in size from 0,02
to 3.0 nm. &n size. Only one thin section of a sample taken near the
mineralized area showed extensive alteration,

The biotite is lath sheped and euhedral, averaging 0.2 mm. to 1.0
mm. in length. It is highly pleochrolc and commonly occurs in clusters.

Tremclite occurs as long prismatic fibres up to 1.0 mme in length

arnd 1s colorless,



A thin esection of o

szmpie taken from the fifth lavel, Pride of the West Mine, showed arces-
sive alteration to chlerite, ¢lays and sericite, Another thin section
of & semple from mear the vein on the first level of this mine was fourd
t¢ be relatively fresh.

Bogk: The yrock was classified as a quartz biotite schist,

The Curay limestone cocurs as isolated bloecks in the Tertiary laves
on both sides of Cumninghom Gulch, It is massive and only in twe outcrops
is there any definite indications of bedding., The rock iz not an eoxten~
sive cliff formexr, because of lack of sresl extent,

Because of the urmusual occurrence of laxge masses of Curay Limestone
in the Tertlary voltanics, a rather complete descripticon of the roek will
be made, In evaluating the corigin of this rock and the mechenisme for its
moverment into its present position, fleld relations sre very isportant,
For this reason, the three most importsnt cutcrops will be discussed
separstely.

The group of cutcrops between the Pride of the West ond Gsceola Mines
extends for an estimated distance of 1,600 foet, has 8 width of 400 feet
and a depth exceeding 300 feet. If these dats &re used 38 a rough guide,

the limestone body mentloned shove would have a volume in excess of 150
million cuble feet or a2 wolght in excess of 13 million tons, As ¢an be
seen from the isometric disgram (Plate H), the form of this body is

axtromely irreguler. It lles near the base of the flew breccis menber
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{Upper Bureks Rhyolite), and alweys shows a fault contact with the latite
flows (Lower Euwreks Rhyolite). BSedding wes cbserved only on the first
level of the Pride of the West Mine. Here it was found to strike 40 degrass
northeast and dip 3O degrees to the southeast. Censidering that this

block is highly faulted, the sttitude correlates falrly well with s ser-
fos of chorty bands found on the surface, which strikes 24 degress northe
aast and dips 60 degrees to tha southoast, This body appears to have
suffered gveater deformation then similar bodies in the srea, ond this is
probably explained by the fact that 4t is situated in the fissured and
mineralized gone of the Pride of the West vein systen. The boundary of

the limostone and volcanics near 9,450 E and 11,250 N (Plate C) shows a
fragmental zone, that is sbout 17 feet wide, and contains younded and senmi-
angular fragoents of limestone, schist, rhyolite, andesite, and chert in

a4 metyix of carbonated lova. The ocecurtente of rounded schist fragoants
that are highly altered is of speclal significance.

A large outorop (Plate F) situated on the west side of Cunningham
Gulch between the Pride of the West amd Gresn Mountain Minee, has gome
very unusual charscteristics in form and lg probably the most significent
cutcrop in the aresz for indicating the nature of emplacemant of these
bodles. Figure 4, page 33, and Figure 5, page 34, i{llustrate the form
snd relstionship of this body to the surrounding rocks, It is shout 200
fest wide on the north end, narrows to the southwest and splits into two
prongs. The western prong consists of a limestore breccis zone that
extonds for a distance of over 40D feet. A hand specimen of this lime-
stone braccis is seen in Figure 6, poge 35, Hmeept for the southern part
of the western prong mentioned above, most of the limestone is situated
near the base of the volcanic conglomerate member (Middle Fureks Rhyolitel.



The scuthern part of the western prong iz sitvated at the contasct of the
volcanic conglomerate mesber (Middle Bureka Rhyclite) and Lower Bureka
Bhyolite. 4s indicated on Plate F, there are other small inclusions of
limostone sround this maln body, but thev do not extesd 30 fent in
length. These incluslons sppear to have been drawn ocut by flowage, ard
the moet westerly inclusion appesrs t¢ have been folded into & hollow
oliptical form, (Figure 7, page 36}, In the contor of the main linge
stone, horn corals were found {Pigure 8, page 37), and although most
were highly deformed, cne was identifiad as Wapsiphyllum calcarifcrme,
an index fossil for the Eissiesippian period,

A small outerop of limestone in the southwest corner of Plate B 4s
mentioned because it is one of the few exposures shich shows weli-
developed bedding (Figure ©, page 38). The bods consist of alternating
light and dork grey limestone lavers varying in thickness from one~half
to three inches. The beds strike 60 degrees northwest and dip 20 degrees
southwest. As the strike oand cherscter is considerably different from
thet of the limestons body on the east side of Cunningham Oulch, it

seems unlikely that the two were ever comnected,

The rock is a unifcrmly pure limestons with scessional chert bands,
iz fine to sedium greined in erystallinity and has 2 greyvish white color.
Foszile were found in only one outerep and most of these were highly
deformad.

In cne thin section mede of the limestone from the northeast corner
of the map avres, the grains were found to asverage between O.1 mm. and



Figure — View showing the relationship of m Isolated Ouray limestone
body (CD: ) to the latlte flow amber of the Lewmr Eureka
Rhyolite (El) and the volcanic conglomerate of #e Biddle
Eureka Rhyolite (Be)* Mote the dashed line which separates
the conglomrate member (Ec) from the tuff member (Et) in
th© Middle Eureka Biyolite* The view is taken toward the
west* from the east side of CumlnghsB Oulch, just above

the Green Mountain Mine#



Figure S.— Photograph netrnre of Hie prongs free
the Ctesy iieeetone body (COo># View taken Woking wet

fx<es CmmimOhm Omsk Just below the dreen Mountain Sine*
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Figure 6*"wWam* 9pmisem of Oeawy liweetone Iwwsla shewing th® flow
character of H>e rock* Set® the rounded and ®ub~anguiar
character of the fragwnts* %eclmen taken from the most

westerly prong seen In Figure 5 (8, 15&, 9,100M).
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Figure 7.«"*hot@gr*pb so tHe wstem »We of Coonif”isB Oulch shewing
a hollo* elipticai body of Curay limestone (CDo) engulfed
in the volcanic conglomerate member (Ec) of the Middle
Eureka Rhyolite» Photogr”ii taken looking west from 8,0206,

9,340N.



Figure B*Hand specimen of <te»y limestone shewing partially deformed

horn corals» #pitefimsa tsaen t*m 8f064GEs 9,30m»



Th# beds strike 60 degrees northwest and dip 20 degrees

southwest* The photograph was taken at S,06QE, 9,30CN«



140 mm. in size, but there was & great variation in the size of grain
from onme part of the section to another. It is the writer's opinion,
however, that the limestcne is more coarsely erystallized than the
average of the area. Thin sections made of the limestone showing the
frageental flow structure indicate extensive carbonization of the forelon
fragments, up to 2 degree where only ghosts of the original rock frage
wments remain. Figure 10, page 40, shows the lava assimllating limew
stone fragments. In mahy cases thore is 2 definits dovelopment of a
zone of chlorite at the contact of the fovelign fragments and liswetone.
ﬁn«mﬂauimﬁm of t?m 1imestons was found to be in cvidence in all
thin sections examined, and no minerals other than calcite were observed
only where the rock had been mineralized with sulphides. In a2 thin
section from limestone in a minerslized aves, clinozolsite and epidote
were distinetly develeped, together with smaller cquantities of aragonite
ard minute neodle-like colorless unidentlified crystals. In another thin
section from the zone betwaen the lave and limestone on the west side
of Cumningham Gulch, no definite contact wes chservable between ths two.
The limestone appeared to batome finer grained towerd the contact zone
armi then gradually merged into chloritic 2lteretlion products of the lava.
This zone did not exceed more than s quarter of an inch in width and iIn
hand specimens sppearsd relatively sharp, The features mentioned sbove
would indicete that at the tize the limestone was belng ewplaced, 1t was
probably in & wars plastic condition and that limited reasction between
the lave and limestone liberated carbon dioxide and produced extensive
carbonization of the country rocke

1. The limestone bodies ave sedimentary in origin, occur in both



Figure 10*— Photosé&ero##*! showing the assimilation of Ouray limestone
by an andésite flow* Not# how the limestone (tdilte) has
been penetrated by the lava (dark) and also the seralsngular
character of the limestone fragments in the lave* The
«original mpecimm was taken at 8*20CE, 10,91C#* Magnifica-
tion is approximately 120 end the photograph was taken with

transmitted light*
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the Lower and Middle Fureks Rhyolite, ave all irregular in cutline, and
have considerahle size,

2. The large body of limestons on the east side of Cunningham
Gulch appears to have been drawn out by flowsge into thin breccia prongs
of fraguental limestone ond lavs. Adjacent inclusions of limestone
also appesr to have been drawn cut snd distorted by flowage.

3. Although some contacts between the limestons and lava ave
fault contovts, by far the grester mmber of contacts observed asppear
teo be irregular, but relestively sharp.

4, In some flowege bands assogiated with the limestone bodies,
inclusions of schist heve been chserved.

5. #Wicroscaplc studies indicate ye«crystallizstion of the lime.-
stone and @ relatively soell amount of resction ard flowege phenomena
between the limsstone and lave,

Frem the fact that the limestone bodies are Paleozole and the vole
canics which onvelope them are Tertiary in age, some form of floating or
flowage phencwena mitst be lrmvoked to emplave them. It iz thought by the
writer that the source avea of the limestone was  Tobably te the south,
pot more than three sr four gaiia-a away. Although at the present there are
no outerops of limestone in this proposed source aves. there are lime-
sicne cuteroprs three snd one-half mdles to the southwest, and also 8
faulted body ctcurs only tws miles to the south at the head of Cumning-
has Gulch, From this »roposed sofrce area, thers i3 & genersl nine-degree
dip of the present .re-Caprbriensurface towerd the Pride Ares. From the
Highland Hary Mine to the Green Sountain Hine this dip increases %o about
34 dagrees, and in the vicinity of the Pride of the YWeet Mine, underground
mepping indicates & constant dip of the pre-Corbrisn surface betwean 75
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and 50 degress. It ssems possible, therefore, that the limestone could
have boen exposed as cliffs, snd that lave flows could pluck and undercut
large limestone blocks as they flowed over the llmestone ovterops. Because
of the falrly high gredient, the limestons bodies would then be floated
downhill to thelr present nosition., During this movenent they would
become heated, the heating would be fellowwd by flowage, and re-crystal-
tization of their boxders.

Rouse (1937, pp. 1246-1287) describes similer lizestone blocks that
have baon engulfed in veleanigs in the Absaroke Mountaine, Wycoming. He
states:

"In cexrtain parts of the Absarcka velcanic fleld the early basic

brecelas contaln unusually large blocks «f linestone which merit

speclial consideration.”

He deseribes some of the blotks as being as large as 500 feet in dismeter
and seversl hundpred feet thick. Stovens (1937) thinks that these lime-
stone blecks criginated from e topography similar to that of the Gorden
of the Geds near Colorado Springs in Colorade. He thinks that the limee
stone rested as umbrells rocks perched on wesk samxistonss or sheles, and
that lster the invading velemnic brecclss removed these resnants from
thelr pedestals, and incorporated them as forelgn blocks in the breccia.
The present writer thinks thet this explenation requires special comdi-~
tions, which may or may not have been in existence at that time., The
foxm, characteristics, and metamorphlism of the Absarcks limestone bodiesn
appear to have a striking similarity to those fourwd in the Pride of the

Hest AYea.



The latite flow member is exposed over the entire map area below
10,600 feet elevation. The lower mine workings of the Osceola Mine are
situated, with the exception of small blocks of Ouray Limestone, entirely
within the latite flow member of Lower Eureka Rhyolite. The latite is
massive and makes a good cliff former with well-developed jointing, which
is occasionally columnar., In the vicinity of the Usceola mineralized
area the rock develops a strong green coloration, betause of local pro=-

pylitization and the development of epidote.

The rock is fine grained, strongly porphyritic and uniformly light
grey in color. Excellent flow banding is developed in places and cone
tains abundant small angular grey to red porphyritic rock fragments which
have a regular distribution throughout the latitie flow.

~opiec D inti

Textures The rock is a porphyritic aphanite and the groundmass is

characterized by being either felty or trachitic.

Mineralogys
Eximary Secondazy Accessory
Plagioclase microlites ---== 60-70% Chlorite Magnetite
(ABlgto Abg Ang) Clays Apatite
Plagioclase phenocrysts «--=- 15=25% Calcite Pyrite
Any) Epidote
Orthoclase —mm—— 3= TH Clinozoisite

Hematlite
Hornblende ewee= 10-15%



The feldepsr phenocrysts have a composition

between albite and cligeclase (Abg - Anyjs they are lath shaped, euhedral
crystals and in some thin sections are vrelatively fresh., In exmmining
several thin sections, it was fourxd that there was a2 great contrast in
the slze of the phenoerysts, varying from 2.0 mm o 0.2 me., but in any
one siide, thelr size is falrly constent. Most feldepar crystals exhibit
albite twinning, »ith a few showing the comblined carlsbad-albite twin,
The feldepar wicrolites that make up most of the grourdmass have 2 come
position ranging from albite %o olligoeclase, The microlites have a char-
acteristic felty or trachitic taxture snd show a great varistion in size,
ranging from 0.01 mm, to C.2 on.

The hornblonde crystels coour as euhedral, lath-shaped phenocrysts
aret are commonly .15 mme to 1o0 mm. in length., The melority exhibit
almoat complete asltaration to iron oxides, chlorite, and enidots.

& thin section taken

50 fest east of the Lawrence Stope lowmer level, Uscecla FBine, showed a
development of clinogolsite, chlorite, srd epidote. This alteration was
not found to persist in any other rock tynes nesr the sineralized axea
arv! L8 thought to be due to local conditions. Another thin section showsd

very good development of flew structure with foreign frageents csught in

The rock fregmomts were extensively eltered but aspeared
to have a simllar composition to the country rock.

The rock was ¢laseified as @ porph

This rotk has a limited areal extent in the ares and is exposed mainly



on tha west side of Cunningham Gulch where 1t forms precipitovs cliffe;
although thore sre two small outerops on the eoest side of Cumningham
Culch,

The volcanic conglomerate is warisble in thickness and! compositicn.
Its composition sugoests a very toarse volcenic breccia, yet the majore
ity of the fragments which it contalns are wel) rounded, & small pro-
portion of the fragments are made up of rounded grenite bouldsrs, some
resching a dismeter of five feet. There are alse tuffaceous lenses in
this member which sugpest some type of sorting sction. Because of these
features the writer belleves that the rock was deposited originally as a
volcanic brecels end later modified by the asotion of water. Por this
reason this mewber bes been tersed 2 volesnic conglomerete.

Viscous looking pods of lava having the sppesrance of rhyolite have
intruded this member in the form of sill-like bodies. Masses of Curay
limestone slso have beon found to be engulfed in the velcanic cenglome
erate. The crigin #f these limsstone bodies has been discussed on
pages

Petregraphic studies were made of the granite boulders which the

voleanic conglomerate containg and the results are pressnted balow.

Although these granite boulders are scattered throughout the entire
member, there appears to be 8 concentration of them towsyd the base of
the wolcanic conglomerste. Nurbenk (1933, #. 143) mentions that these
boulders are charecteristic of the basal member of the Middle Fureka Rhyolite.



The rock is coarse grained and pink to grey in color, Quartz,
orthoclase and mica can be easily recognized in hand specimens. Figure

11, page 47, gives an 1dea of the character of these boulders.

Igxture: The rock is hypautomorphic granular.

Mineraleay:
Primary Secondary Accessory
Quartz S— 1 Clays Apatite
Albite wem—- 15% Hematite Magnetite
Microcline wnnwe 10=12% Limonite Zircon
Orthoclase w———— 3 5%
Bi atit@ - - 5— %

Quartz is anhedral and varies

from 1.0 mm, to 5.0 mm. in size, undulatory extinction being common in

this mineral.
The feldspars are euhedral, with tabular to square cross sections.

The grains range from 2.0 mm. to 6.0 mm. in length, and the majority of
the erystals show considerable alteration to the clay minerals.

Blotite is green to light brown in color, with strong plecchroism.
The mineral is lath shaped and euhedral and averages between 0.5 and 1.0
mm, in length. A development of red-brown pyroxene minerals is common

around the borders of the crystals.

Characteristics of Individual Thin Sectjons: Some interesting fea-

tures were observed in one thin section that was cut on the contact of



Figure 11»— Exposure of the volcanic conglomerate member of the Middle

Eureka fthyoltte the Inclusion ef rounded granite

boulders (white)» Photograph taken looking west at 8,200E,

10,91##



the granite and volcanics. The voelcanic appeoars to have the features
of a pyroclastic but shows scme flow structure. Hecause of the flow
characteristic shown by meny of the pyroclastics, it is the writer's
opinion that much of this material become welded following deposition
and flowed under the influence of gravity. The eontact between the
granite and pyroclastics is very shayp, and little reactlon was noted.
Howevey, the most significant feature displayed by this section is,
that the volecanie rock is highly altered, whereas the granite is rela=-
tively fresh and traversed only by small veiniets of carbonate. {Seme
of these features are displayed in Figure 12, page 49). Two alterna~
tives might be inferred from this evidencer one, that the slteratich
was of a deuteric character and occurred before the granite boulder wase
engulfed in the volcanie rock end, two, that the alterstion cccurred
at such a low temperature that the granite remained unaffected. OFf
these two, the former is preferred by the writer, because 1f the car
benates could penetrate the granite; then it would appesr chvious that
the fluids causing the alteration would alsgo be able to penstrate the
granite,

uf Bogks The rock was classifled as a biotite alkall granite.

This rock has a limited areal exposurs in the mep ares and is only
found on the west side of Cunningham Gulch. The rock forms massive,
precipitous cliffs which, when viewed at a distance appear to have a ¢cone
tinuous bedded character. Uhen the rocks are examined in detsil, the



Figure I2— Photomicrograph” showing the contact relation# between e
granite boulder (right) and fragmental flow material (left).
Note the sharp contact between the fresh granite and the
altered volcanic». The original specimen was taken from
10,7508* 7,473N. Magnification is. approximately 120 and

the photograph was taken in transmitted light.



individual beds are lenticular in charscter and essentially horirontal.
Figure 13, page 51, shows tha velation of this bedded tuff member to the
wnderlying volcanic conglomerate., It is to be noted that this i the
snly rock type in the map area, apart from the limestone, that shows any
distinet bedding.

The rotk is medium to fine grained, bedded, and has a mottled appear-
ance due to the varicus colored fragoents which it contains,

Opthoclase
Albite
Miorocliine
Blotite
Apatite
Tridysite

Mony crystals were cbserved to be broken and fractured, but a small
percentage of ths feldspars have an eubedral outiine amd show very little
alteration, The quartz crystuls are generally very enoular, a few showe
ing signs of corrosion arcund the adgee.

The rock fragments represented about 55 percent of the thin
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Figure 13*— View showing the eenteet relations between the upper tuff
member (Et) and the lower volcanic conglomerate member (Ec)
of the Biddle Eureka Bhyellte* The contact Is fairly con-
stant and strikes 58 degrees northeast and dips 10 degrees

northwest* The photograph was taken looking north at

S,020E» 9#100H*



gection sxsnined and were foursd to be well rounded and generally pore
phyritic. Becsuse of alteration of the fragwents, thelr composition
¢ould not be determined, but it ia thought that they varied in composis
tien from thet of & rhyolite to that ¢f a2 latite.

The groundmaess could not be determined because of its small
grain size and extreme alteration. In many napts of the thin section,
the groundmass appeaxred to be mede up of an aggregate of clay minerals.
The original constituents could have been egually well & mud or fine agh.

clusions The rock was characterized by the sbasence of glass

sharde ami also by the presence of microecline. The microcline is
believed to have originated from the bresking up of granite fragments,

It is believed by the writer that the rock was depcsitad by sube
asrial sgencies. Water deposition wuld appear to be doubtful because
of the angular nature of the fragments and the irregular bedding.

The rock was classified as a mixed lithic and crystal

tuff having the composition of elther 2 rhyolite or a latite.

This rock has 2 large aveal extent in the map area snd is exposed
on the east side of Cunningham Gulch. The flow bwetela is probably the
most isportant rock type fron an economic standpoint as the ore bodlies of
the Pride of the West Mine are situsted in it,



Ths thickness of the flow brecciaz member is relatively c¢onstant ard
“veaches 2 maximum of 200 feet in the center of the area. The rock s
feirly massive but is not a prominent ¢1iff former, It fores blockey
siopes vhich, if not too steep, terd to become talus covered.

The rock is fine-grained, has & greenish-purple color and is dise
tinetly fragmental. Mest of the fragments are angular to semi-angular
and distinctly porphyritic. This porphyritic charecteristic is in cone
trast to the fragesents in the #iddle Bureks tuff, which are nonporphy-
ritic. The fragments make up over half the rock, and distinct flow
structures con be discerned in the matrix of more than half of the hand
specimens examined. The rock is charscterized by the uniformity in
size and distribution of the fraguents]l materisl. In the lower part
of this membor, small pebble~like fragments of grenite and granite por-
phyry have been observed. These granite pebbles are found abundantly
when the rock is in contact with the pre<Cmbriasn schists. F&mg 14,
page 54, ehows a hand specimen of the flow breccia and Figure 15, page
85, shows an exposure cf an unusually cosvrse gralned phase of it.

Xxatals and crystal fracmentss The crystals and crystal freg-
ments observed ﬁ;s thin uetimﬂ of this flow breccis sre not nearly so



Figure si the flew breeele wiwEif ef ## %»p«r
Bureke Rhyeiite# Net# the angular te
character ef the fr##wMte* the ###1# was taken fra#

the first level ef tW Fride of She West Nim*
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Figure 15— Surface expcwr# 6f m ummmlly eesrse phase ef the tIm
breccia eesdw (Upper Eureba Rhyeiite)* Ail the frafeents
are remarkably ufiiferm la e<aBpositSeri* Fhetegraph taken

looking west at 9*7305$ 9$56m.



numerous as those in the Piddle Bureks tuff amnd probably do not exceed
ten percont of the rock. Beecsuse of alteration, difficulity wes experi-
enced in making determinations. Of the feldespars that could be deter-
mined, moet fell in the ardesine~aibite renge. However, no crystals of
nicrocline were found similer to those thet cocurred in the Riddle
Bureks tuff,

The rock fragments are resmesrkebly unifora in
size ard vary from 3 tenth of en inch to three inches in dismeter. How-

ever, the great majority sve spproximstely half sn inch in diameter.
Most of the fragments are also porphyritic with a2 micrecrystalliine to
felty grourdmass., The filuldal nature of the groundmass around the rock
fragments is 2 very common charascterietic of this reck. The fragments
that were determined appesred to vary froo an andesite to a latite; but
an accurate analyels wes diffieult due to the highliy altered state of the

rock,

Altexrations The rock has suffered more slteretion than any of the
other rock types examined, with the possible exception of some cof the

dyke rotkss In some thin sections, there is 2 pronounced development of

apldote and clinoxelsite, and in others there is 2 development of cave
bovats minerals, sericite, chlorite, and clay minerals. MNo definite rela-
tionship could be found between the alteration of this rock snd the
mineralization of the Pride Area. However, a definite incresse in the
intensity of pyritization was noted towsrd the mineraslized area.

Conclusiong: Two alternative procssses may be usad to explain the
origin of this rock: elther it was an intermediate flow rock which cole
lacted ite hKuge content of fragments from sub-gerial agencies, or the
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flow rock collected these fragments within the magma chamber or cutlet
vents and fissures., Becsuse of the uniformity of the fragments in size,
distribution and composition, the latter alternmative is preferred by the
writar. In both cases, however, difficulties were enccuntered in arrive
ing at a satisfactory solution to the oyigin of this rock, and no doubt
a move detailed study would facilitate the solution. Burbank (1933,

pe 143) suggests a mud flow ox melded tuff as the origin of this rock,
d the striking uniformity of

but this explsnation appears to disre
these fragments in size and distribution,

The rock was classifled as 2 trachyte or andesite

The vock has 2 rather limited ares extent in the center of the ares.
Its thicknass is varisble but probably resches 3 maxisum of twe hundred
feet. The andesite flow iz 2 massive brittle yocok s cekes an excele

lent ciiff formex.

The rock is fine grained, is davrk green to dark gray in color and is
strongly porphyritie.

Zextures The rock i a porphyritic sphanite with a proncunced tras
chitie groundusss.



Mineralogy:
Primary Secondgxy Accessory
Plagioclase microlites eeee- 50-65% Chlorite Magnetite

(Abg Ang to Abg Ang)
Plagioclase phenotrysts «w--- 10-1%%

Abg Ang

San?dina weeme O= 3%
Augite memew  O=13%
Hornblende ——ewe  O=l10%

Mineral Descriptions:s The feldspar phenccrysts are lath shaped
euhedral crystals, but about a third of these crystals have undergone

almost complete alteration to chlorite. Both the altered and fresh
feldspar crystals have a length between 0,5 mm, and 2,0 mm. and show
more alteration than the microlites. A small amount of sanidine was

observed in only one thin section,
In all thin sections examined the feldspar microlites showed a

definite trachitic texture and averaged 0.5 mm. in length. In about
half of the thin sectlons examined, the groundmass under intermediate
magnification had a characteristic salt and pepper appearance due to

the abundance of small grains of iron oxide in the groundmass.
Augite occurs as fresh, lighte-green blockey euhedral crystals.

Many show the characteristic pyroxene form and average from 0.5 mm. to
2.0 mm. in length., Im only one thin section, did this mineral occcuxr
abundantly} in the others it was either scarce or absent.

Hornblende, 1ike augite, occurs abundantly in a few thin sections
and is absent in others. It has a euhedral, lath shaped form and occa=-
sionally shows a pseudo-hexagonal ocutline. The crystals average 0.2 mm,
to 1.5 mm. in length and have undergone considerable alteration to iron
oxides, chlorite and caleite. The chleorite can be observed to be



replacing the sineral along its cleavaces, wheveas the iron oxlde forms
2 halo aroumkd the cutelde and the caleite has replaced the center of the
crystal.

Biotite was observed in only small quentities and was found to have
suffered considerable alteration.

Ficld relationghips indicate that this complex of

rocks constitutes elther a flow of a wery irveguier cutline or & sill.
Fotrographic evidence would appear to support the ides of s series of
trregular flows because of the non-uniformity of the phencerysts from
one part of ths rock unit to another.

The rook was classifisd as o porphyritic andesite

The hyolite flow menber has a fairly large aresl extent in the map
ares and e expossd on the eastern side of Cunningham Guich. In the
northern part of the ares, 1t has a thickness of about 200 feet, but
this yepldly incregases to the south, with a2 saximms of 700 foet 2t &
point above the Green Mountain Mine, The menber probably represents a
taries of viscous rhydlitic flows and isclated pod like bodies of rhyo~
lite can be esasily distinguished within the member. The rotk is massive,
has a blocky appesrance on stesp slopes but is mot & consplouous cliff
fermer. In only one cutcrop does the rhyolite flow show any proncunced

flow bending, and unlike the lower and oiddle membere of the Buyeka Rhyoe
iite series, it does not contain sny spprecieble fraguental materiale



phyritic,

Iexturer The rock is & porphyritic sphanite with a microcrystalline
groutvimass. Cver half the thin seciions showed 8 proncunced development
of spherulites, and cne thin sectlon had 2 felty groundrmass. A typical
spherulite is seen in Figure 16, page 6l.

tridymlte
wee 1Be208 “lays Ilmenite
war Be BE Calcita Sphene
e 3o 5% Sevicite Pyrite
Hematite
Biotite e [O=19%  Limonite

Hots - The Feldspar minerals in the groundms

weavse of excessive altersticon and finenmeess of the graing,

gripticngs Cuartz has a subbedral form and averages D.2
me, t¢ 1.0 mm. in size. The crystals show considerable corrosion srourd
the edges and also & pronounced undulatory extinetion. Silica minerals
in the groundmass consist of fine-grained cuartz, which may be secondaryy
smell amounts of tridymite, which occur in fibwous aggregatesy and crysto-
balite, which occurs in the fore of spherulites.

The foldspar phenocrysts are lath-shaped euvhedral crystals chowing



piwe 16.— Photeederogr** ef e typieel spheamllt» In the ihyeiadte flew
reecher ef the tipper Bweke Rhyollte. NegmlMeetlee t*
apprexieetely 120 end the photograph wee taken in trans-

mitted light.



considerable alteration to clay minerals, saxicite and calcite. The
crystals have 2 range in size, varying from 0,00 mm. 1o 3.0 m. Bletite
is byown in colow, and occurs a5 stubby, lath-shaped eubedrsl crystals
averaging from 0.2 mme 2o 1.0 mm. in length. The crystals show congiders-
ble alterstion to iron oxides, chlorite, and serieite.

Rogcks The rock is classified as a porphyritiec rhyelite

In the Pride area the tuff breccia was too thin and irvegular to
be mapped s ¢ separate sesber end wes mapped togethor with the latite
flows of the Burns Latites The roek varled from 10 to 100 feet in
thickness ond was charasterized by the highly porphyritic fragwents cons
tained in i¢., The tuff brecela 1s not as massive as the rhyolite flows
that it overlies and it tends to brosk up into small blocky fragments

that glve the slopes z talus coversd character. In some places it is
very difficult to distinguish the tff brecels frocm the weathered rhy-
olite flows,

The latite flow has a2 large sresl extent in the map aves and is found
on the sast side of Cunningham Gulch above 11,600 feet. Its thickness
was not determined as the upper contacts were well beyond the aves studied,
The rock is characterized by ite massiveness, uniformity mﬁ its cliiff



forming hablt. Some of the cliffs are hundreds of fest In helght, as
shown in Figure 17, page 64. Filguyre 17 also shows the relatlion botween
the Burns latite series snd Tuweka Rhyolite series.

The rock is fine grained end has a fresh, dark grey color. In the
aroa mapped, the rock did neot show fleow banding. Hernblernde and plagio-
¢lase phencerysts could be ldentified in hand specinens and these imparted
& characteristic sppearance to the rock.

Inxtuzets The rock is a2 porphyritic sphanite with a microcrystalline
to folty groundmess.

Groundmase PE— T Clays Hagnotite

Albite wommm e ] B0 Chlorite Sphene

CGligeclase e | G 155 Caleite Pyrite
Bericite

Hornbhlende e i Tien (P Hematite =

aiﬂﬁ% o a%

Hote - The groundmsss is in genoral too fine gralned for accurate deter-

mination of the ainerals snd in many ¢ases conslsts of ¢ festhery sogre-

gate of clsy minerals,

The feldspar phencorysts syre relatively fresh,
iath shaped evhedral crystals, esxhibiting albite twinning., The phenocerysts




Figure i7*~*yse» of «mifiteio #Wwimg the eeceteet W W m tlw
Sureka Biyelit# Swiss <i> aW the Burse Wit#
(#)* Note the preednwt cliffs formed by the flows Is
the Burns Lettte series* Not* else the Schneider open
pit in the lower left corner Mé the tittle Fenny Else
(In circle* central right of photograph)* Photograph
taken looking east from e peint on the west side of

Cunningham Qulch, opposite the- Pride of the West Mine*



oceur in twe size grrups, one from 1.0 sm. to 4.0 mm. and sncther from
Dol mm, to é‘% m. A smell mumber of the crystals show a distinct zone
ing with the center of the erystal vommonly sltered to seyicite and
chlorite.

Hermblende otours as latheshaped euhedra! crystals, with a few having
a distinet pseudchexagonal cutiine. The crystals ave from 0.5 mm. to 1.%
e in length and have suffered extonsive azlteration to chlorite and iron
oxides. In some of the erystals a dark brown mineral was identifloed as
belonging to the pyromene group.

Biotite cteurs as lath-shaped to blocky subedral crystals. The
erystals are 0,2 sm. to 0D sme in length, and alteration along the

cleavages te iron oxide was observed,

The rook was classified s o porphyritic latite flow.

Four felsite dikes have been mapped in the Pride Ares by the writers
two on the east side and two on the west side of Cunningham Gulsh. The
dikes have a general eastewest trend and range in width from é to 30 feot.
The dike rock is massive, and because of its grester resistonte to ero-

sion, stands out fros the surrounding volcenic rocks,

The rock is fine grained, has 8 gresnishegrey coler, and is strongly
porphyritic.



Calelte Hagnatite
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*The grounduass could not be determined because of its fine grain

size srd excessive alteration.

#inexal Bescxiptiongs Cuertz ocours as suhedral to subhedrsl grains
and aversges sbout 0.2 mm. 1o sizo. It exhibits undulstory extinction
with pesction rime of epidete and chloxite.

Faldepar crystals are rounded because of extassive corrosion, the
centers being zlmpst completely slteped to coarse-grained calcite. The
sdges of the feldspar crystals show the dewelopwent of chlorite and fyon
axides.

The pyroxenes weve distingulshed by their ¢rystel cutiine form asnd
relict cleavages. They were altered to epidots in the center of the
erystal and to chlorite around the ocutside. The crystals average 0.2 mm.
in cgixe.

Hornblende was recognized by its form and wes almost completely altered
to chloerite, caleite and iron oxides.
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All other thin sections

that were examined of this type of dike were altered to the ssme or even
2 greater emtant of the sbove rock. It was noted, however, thet they
appeared to have the same composition and texture characteristics. Sove
of the thin sections appeared to consist of nothing but clote and asggre~
gates of clay minezals together with chlorite.

The sxact roock type could not be determined but it

belongs to an sschistic leucophyric group.

Although the peesent day San Juan Mountalins are structuraliy reolated
to the Tertlary Son Juan volcanic area, it seewms 1ikely that the firat
stages of mountain bullding in the ’ama may have bagun in the Paleozoic,
It is apparent from an examination of Figurs 2, page 10, that the San
Juan Mountalns lie at the intersection of the Uncompahgre Uplift and the
Colorade Porphyry belt, The Uncompshgere Uplift was initlated at the close
of the Palegozoic and, slthough the Colorado Porphyry belt s Tertisry in
age, lts position was probably influenced by earlier structural frends.

Stratigraphic relstions in the Paleczoic and Wesozoic suggest that in
these eras the San Juen Hountains hed 2 similar histery to that of the
Front Range.



This section represents for the mest part ¢ summery of Burbank's
dencyiption of the Hetallogenetie Provinces of the San Juan (1947,
ppe 395-403),

The oldest structursl te

nvde that have been zecomnized occur in the
pra-ashrisn rocks and consist of folds and faults which are oviented
ncrthwest and eastwest., These trends, howsver, have been pesctivated
in later geclogic times snd have influenced the localization of igneocuse
setivity snd ninerslization. Both trends are especially prominent in
the Paleozolc snd Mesezole rocks that coceur in the southarn border of
the sourtaine. Burbank (1947, p. 398) statess

“"Along the westexn bopder, however, deformsticon st the eloee

of both the Paleozcic m the Mesozolc sxas formed northerly
ard noxthessterly trending folds and faultz. The intevsete
tion of these structures with the westerly and northeesterly
trending ore-Canbriasn strustures probably influenced the
location of ignsous activity in the formation of the Ancestral
San Jusn Pountaline.”

Following the ¢lose of the Kesomoic ers, the San Juan MWountaine
were unlifted, and the bordering sedimentary rocks, espscislly on the
west, were sharply folded snd faslted. Burbank (1947, p. 39¢) belioves
that at this time there was 2 prominent zone of weakness in the VWestern
San Juan Fountains and thet this zone of weekness consizted of 2 hinge
line with s nertheast trend, He postulates that the interssction of
the hinge line with the pre-Camlyrisn trends was responsible for the cen-
ters of latholitie intrusion and mineralizetion st Ouray, Rieo, and in
the La Plata Mountsine. This zone of weoskness, or hinge line, that
Burbank describes, may be related to the Colorsde Porphyry belt of early

Tertiery age.



Regarding late Tertiary structure of the Faen Juan Mountaine,
Burbank (1947, p. 401} states:

"Hear the close of volcaniem in late Tertisry time the
San Juan reglon 28 3 vhole was deformed relative te

its surroundings. In most parts of the San Juan a
collapse of the crust which had begun during the etr~
iier volocanic epochs culminatsd in faulting and fissur-
ing that localized many of the larger intrusive bodles
snd associated ore bodles. In the western psrt of the
region the lecal sinking of the crustal blocks and the
consequent flssuring permitted the penetrstion of

large intrusive bodies inte the shallower formations,
Further fracturing of the rocks during the final crustal
adjustments about these centars provided flssures in
whieh mineralizing sclutiong dencsited their ores.”

Burbank continuess

*The structural lines and centers of eruption of the

veleanic epoch perhaps did net bear as direct a rela-
tion to inherited trend lines as did the structures

of previous stages of mountaln development, but the
larger intrusive centers betwesn Silverton, Telluride
and Lake Clity in the ¥esstern San Jusn region lis not
far inside the earlior line of laccolithic intrusions.”

Both the clrcular subslidence blocks in the vicinity of Silverten
and Leke City (Figure 18, page 70) probably represent super calderas
that have coriginated through the collapse of active veolcanie zones
into the earth®s crust. The expulsion of such large volumes of lavs
and pyroclastics in the San Juan Mountaine makes the floundering of
these large blocks {the Silverton caldera is spproximetely 50 square
miles in area) appear feasible. It is probable that similsr calderas
will be found in the %an Juan Velecanlc ares should more detalled mapping
be undartaken,
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The relationship between the dow-feulted central block of the
S1lverton volcanic genter and the surrourndding structure and geology
can readily be ssen Lo Figure 19, page 72. The significant features
of the structure of this ares are listed belows

1. The down~sunken block is approximately circular in outline
and 1s bounded by three dominant bew-shaped feults which have a steep
dip to the ﬁmw«

2. The area influenced by this center excesds 230 square miles.

3. There is @ striking relaticnship betwesn the central block,
which is not highly fiscured; and the surrounding aves, which is cut
by & distinct pattera of concentric and yudial fissures, This fise
sure pattern ls net as spparent to the southwest of the sunken bleck
and probably is explained by a lack of detalled geclogic mapping,

4, The concentric flesures and faults are subordinate to the
radial pattern.

5. In most cases the radisl pettern appedrs to be older then
the concentris pattern, zs is evidencad by the offset of radial fis.
sures and dikes.

6. There sppears toc be an annuler distribution of ignecus stocks
along the margingl faults.

7« The large quartz monzonite stotks were later oy contempraneous
with the concentric faulting.
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8. Thse ore deposits of this Silverton velcanic centey, which
sccount for 70 to 75 pevcent of the total Sen Juan production, ave
sloost without exception associated with the fissures cutelde the
centyral downfauited block.

In brief, Burbank explains most of the features listed above as
originating from a systematic fallure of the crust by the upthrusting
of igneous bodiee followed by gravitastions! adjustments, The chief
support for this theery appears to be thet the radial pattern wes in
exlstence before the central blogk subeided along the contentric
faultes

Burbank (1933, p. 177) discounts the idea of concentric cone
shoates sindlar to those found in the Tertlary plutonie districts of
Western Bcotlend for three mein ressonss First; the concentric dikes
and fissures have & much steeper dip in the Silverton cccurvence,
Second, the concentric flssures in the Silverton sres, unlike the Scote
tish cases, do not intersect the concentric dikes. Third, in Scotland
the radlsl dikes snd fissures are subordinate to the ¢oncentric onee,
The writer believes that caution should he used in making too drastic
a correlation, ss the Tertisry intrusives in Scotland have been eraded
to a moch greater extont than those in the Silverton area.

The origin of the Silverton fissure pattern has a direct bearing
upon the sconomic geology of the ares betsuse of the intimate relation
between the fissures and ore deposits. The Pride of the West vein
systen consists of s hydrothermal Filling of one of thess southern radial
fissure zones of the Silvertom volcanic center (Figure 19, pege 72).
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Froam an sxasination of Flgure 20, page 75, which shows the die-
tribotion of fissures and faults in the southern part of the Sliverton
edraagle, there is an apparent Tocus of ore~besring fissures sbout
three milos to the south of the Pride fAres. This foous of oye besring
fizsures appears to be moye than & ooincidence and, slthough there are
ne stocks mapped in this aves, it le¢ possible then an wnexpoosd ignacus
source could be pressnts
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Econemic geelogy will bs discussed under the follewing hesdings:
San Juan Reglen, Silverton Velcanic Center, South Silverten Area and
the Pride of the West Avea. The Price of the West Area will be discussed
with special reference to the Pride of the West vein system and mines
situated on othar velns will be only briefly mentionsd.

The San Jusn reglen can be considered in & general sense to represent
part of the metallagenic belt that surrounds the Coloredo Platesu, Butler
(1929, pp. 23-36), whe developsd this peripherel relationship, explained
it as 3 result of a strong positive central area with surrounding weak
negative avess. Tenay (1930, pp. 209-277), objects to this hypetheosis
bacauss there ars ne gecsynclinal basins on the southern side of the
plateau comparable to those on other sides.

The San Juan reglon has been considered by many suthorities to be
a continuation of the Colorede Mineral belt. An examination of Plguve 2,
page 10, shows that this azea lies in 1line with a direct extension of
the Colorade Porphyry belt, which is in turn related to the mineral belt,
Horness (1951), discounts this ides and suggests that theze is sn axis
of matallization through the S5an Juan Mountsins in a general northessterly
direction towards the Cripple Cresk ares. He bases this conclusion on
the similarity of age, metallization, and velcanic activity aleng this axis.



According to Burbank (1947, p. 397), the metal-mining districtsef the
San Jusn region have ylelded neazly Jalf s billion dollars in gold, silver,
lead, copper amd zinc. This production mamgs about one quarter of the
total value of thess metals recovered in Coloredo. Burbank (1947, pp. 98-
403), outlines four distinct metallogenstic provinces and erss in the San
Juan region, which are belefly listed belews

1. Probable pre-Cambrisn minerslization on the northern and scuthern
flanks of the San Juan Meountaines.

2. lLate Mesozoic minerslization of veamsdium and chremium on both
the nexthern and southern flanks of the mountains.

3. Early Tertiary minevalization of silver, lead and zinc abeut
centers of intrusion near Oursy, Rice and in the La Plate Mountains,
Mining activity _Am these volcanic centers accounted foxr about 10 percent
of the total San Jusn preduction.

4. Middle Tertiary minerslizstion of gold, silver, lead, zinc and
copper sroeund the great &Wn snd velcanic centers of Silverton,
Telluride and lLake City. Mining activity here accounted for about 80 per-
cent of the total San Juan preduction.

This section represents a brief compilation of the work done by
Ransome (1901), Burbank, Ecksl and Varnes (1947, pp. 396-433), in this
ares.

The Silverten volcanic area embraces the following smining districts,
with their locatien by counties and accumulative production



1. Sneffels, Red Mountain, Upper Uncompahgre mining districts in
Curay County, $74,000,00.

2. Animas and Bureka mining districts in San Jusn Ceunty, $117,000.000.

3. Telluride and Ophir mining districts in San Miguel County,
$130,000,000.

4. Galens and Lake Fork mining districts in Hinsdale County,
$11,000,000.

Ransoms (1901, p. 43), has classified the deposits of the Silverten
volcanic ares into three categeries; veins, stocks and replacement bodies.
Yeins have accounted for, by far, the greatest predustion., HNext in im-
portance are stooks and include the so-called “chimneys” of the Red
Mountain district. Only a few deposits scococur ss replacement bodies and
they occur mostly in llmestons and rhyolite.

Figure 19, page 75, gives the distribution of mines and flssures in
the vielnity of the Silverton velcsnic center. Although prospects ceover
the ares in gensrel profuslion, the isportant mines scour in isolated groups,
with the southwest and southeset coznezs of the ares lacking commercial
deposits at the present time. There is an apparent relatienship between
the intensity of flssuring in a given area and the occurrence of ore
deposits. Moderately sized veins have been found to die out in depth,
but in no vecorded case did the fissure die out &s well. The absence of
any appreciable offset along the fissures and veins is one of the charscter~
fstic features of the Silvexrten volcanic center,

At some intersections, the most northerly trending veins have bean
faulted by barren ox low-grade veins trending more nearly east and west.
However, in other cases, ths veins appear %o have been filled simultaneously.



From incenclusive evidence, Ransems (1901, pp. 96~101), states that
thers is a change in depth from galena to sphalerite in the arocs. He
has also noted that the ruby silvexs and argentite do not ecour at depths
in excess of 500 feet, and that the gold values are generally more cen
sistent than the silver values.

Ransome (1901, p. 58), states that in numerous cases after the deposie
tion of the m, there was st least one period of alnor flssuring followed
by & latexr depesition of quarts,

Accoxding to Varnes (1947, pp. 431-433), the South Silverton ares is
confined reughly to a belt seversl miles wide along the southern rim of
the Silverton Caldera. The scuthern rim of this Calders is limited by
the Animas fault zene, which closely fellews the present courss of the :
Animss River. The location of this foult zone in the South Silverton sres
is readily seen in Pigure 20, page 75, In this axea the north side of the
fault has been down-faulted betwsen 1,500 and 2,500 fest. An examination
of Figure 30 shows that the productive veins trend at 3 high angle to this
fault system, but as notad previously (page 78, the central preductive
veins tend to intersect spproximetaly three miles south of the Pride Ares.
Concentric fissures present in the ares are commonly filled with latitic
or andesitic dikes. Around the southern limit of the radial system lies
another set of arce-shaped dikes of granite porxphyry.

Regarding the wminewslization in the South Silverton sres, and sspecially
with respect to the Arrzastre basin, Bembenk {1933, p. 165), shows that



there is 3 rough romel distribution of the ore with respect to the Animes
fault zene.

Gres in the northwesterly fissures adjacent to the fault zone are
characterized by the base metal sulphides, chalcopyrite, galena and
sphalerite, with some specularite. lacally sufficient free gold is asssoclated
with the chalcopyrite to make it an important constitusnt of the oxe. The
gangue minerals in the northwesterly fissuves adjacent te the Animsse fault
z2one conslet of quarts and chlorite. Ore bodies in the sasw flssure
sile or two farther southesst centain the base metals alse, but argentifercus
tetrahedrite is an important constituent. Silver in this zone is thus more
important than gold, Here the gangue sinerals commonly consist of barite,
rhedochrosite, and mangenifercus calcite., The mineralization in the Pride
Avea is of this group, as are the massive base metal depesits ef Arxrastre
basin. Barren quarty and calcite succesds these silver ores still farther
southasst of the Animas fault zone.

The faulting of the Animes system would appear to be definitely pre-
alneral in age, as there 1s & greater intensity of alteration on both sides
of the fault than the alterstion found in the adjolining veins. The main
products of alteratlion in the Antmas fault zone are quarts, sericite,
pyrite, epidote, chlorite and specularite, The large quartz monzonite
intrusives appear to be later than the faulting, as the Quartz mongzonite
bodies are neither offset ner displaced by the faults. The elongate shape
of the intrusive quartz senzonite body s mile morth of the Pride Aves
(Figure 20, page g, is cbviously controlled by the foult pattern in
that area.

The following conclusions may be drawn from the data presented abeve:



8l

1. The mineralizstion in the South Silvexton area is probably related
to the Animas fault system.

2. A genetic relationship probably exists betwaen the quartz mongenite
intrusives and the minersiization,

3. The fissure pattesn of the preductive veins could be relsted either
%o the Animes fsult system or to a fairly deep center not far to the south

of the Pride Avea,

According to the Gffice of the County Clezk at Silverton, the follow-
ing are the dates on which the oxiginal claims were filed for the mines in
the Pride Aress

#hiladelphia e« » o » » » s August 25, 1873,
Pride of the tiest » « » « « « « June 10, 1874,

Little Fanny e « » » » o o August 10, 1874,
Grean Mountain ¢ F & 9 8 0 8 1874,
Geceela # % B % 2 s @ May 10, 1901.

As far ss the writer could determine, the fellowing is an outline of
the history of the Pride of the West and Green Mountaln Miness

1. The Pride of the West Censolidated Mining Company was formed
in 1880,

2. The Joseph Gibbons Consolidated Mining and Milling Company was
formed in 1888 to purchase the Pride of the West Property.



3. Tha Green Mountaln Mining and Milling Company was incorporated in
1904,

4, The Joseph Gibbons Mining snd Milling Company purchased the Green
Hountain preperty in 1931,

5. In 1934 the Pride of the Hest and the Green Mountain Mines wore
lsased to T. B. Stevnes, ¥, E. Porter, Tysen Dines, Bugene Dines, snd A, W.
Harrisen, who formed s company called the Pride of the West Incorporated.

6. The Denver Bquipment Company took ever contzol of the properties
in 1940 and bullt a mill at Mowardeville to treat the Pride of the Vest
and Gresen Mountain ores, |

7. The Great Eastern Mining Corporstion was formed in 1947 and took
over control of the Prids of the West, Green Mountain and Grest Eastern
Miness, as wil ss the Klondike grouwp and the Silver Wing grouwp of mines.
This company also owns the Pride Mill at Howerdsville snd manages the
propartiss of the Coloreds Mines and Metals Company.

Pride of the Viast Mioe: The Mine Report for 1884 credits the Prids
iine with a total produstion of 1,500 tons valued at $97,500, These figures
give an average ore grede of $65.00 per ton.” From 1884 until 1934, records
are completely lacking, but frem 1934 to 1950, fairly reliable figures are
avalilable, From 1934 to 1950 the nine had s tetal gross produstion of
approximately $2,000,000 from & total of 130,000 tons, an average grade of
$13.00 per m..*

when the writer last visited the aine in the susmer of 1951, the mine
was being opevated by three groups of leasers. The number of men working

* Before miliing and mining costs have been deducted,



fluctusted between 10 and 12, and productien varied betwesn 250 and 300
tons of ore pexr weeok. It is understood that Mr. A, N. Sweet of Denver,
Colorade, has osbtained control of the Pride of thw West and Green Mountain
Mines and intends to carry out a development progyam below the first level
of the Pride of the Wast Mine during 19952.

Gesen Mountain Mine: Accerding to King and Allaman {1950, p. 73}, the
Green Mountain Mine up to 1948 had produced in excess of 40,000 tons. The
grade of ore is not known for this peried, but as the minerslization is
similar to that at the Pride of the Vest mine, it is probable that the
grade slse was comparable.

At the time of the writer®s last visit in the summer of 1951, the
mine waw being cperated by a single group of leoasers totaling five men.
Although the weekly production was varizble, it probably averagdd 200 tens.

Mr. Sweet is sxpected to undertake development below the first sub-
level A of this mine during 1952,

kittls Panoy ) This property is comprised of both the Little
Fenny and Philadelphis claims. Although the velns in this mine have been
previcusly regarded as a contimumtion of the Pride ef the West Velin, the
writer does not believe this to be the cass. This mine is ewned by Jack
Gllaheany of Silverton, and up te recent times, was leased by E,. K.
Helgerson., Helgevson (1947, p. 89), reports that esrly in the history

CEOnY wBane.

of the mine aever 100,000 sunces of silver were recovered from a small,
high=grade ore pocket in the mine. Ore valuss are vakiable but range
from 525 to 300 per ton. 7This mine has not been in operation feor meny

Yyoars.



This mine belongs to the Oscecla Mining and Milling
Cozporsticn, which is owned by W, C. Glanetto, L. C. Shizk and C, L,
Larson of Silverton. The weiter estimates that at least 30,000 tons of
ore have boen extracted from the Uscecls workings. Although the stopping
widths in this mine are grester than those of the Pride of the West Mine,
the grade is considersbly lower. At the present time this mine is not
in eperation.

The yride of the Weet vein system in genexal has the characteristics
of a vein~filled flassure zone linked by stxingers. Hewever, there aze
characteristic variations along its dip and atrike and for descriptive
purposes, the vein system has besn divided inte a northern, middle and
southern part.

Ths nerthern part, which occuxs noxth of the Midway level adit
{Plate C}, exists almost entively on the Usceels property and here the
Lawrence, March and Consolation levels arxe develepsd. The zone consists
of a2 wide, subwparallel system of veins linked by numercus stringers.

The sub-parallel system of velns is very irregulsr and varies from 150

to 290 feet in width., Although large variations in the dip of individuel
veins are common, the gonersl zone is vertical or dips steeply to the west.
The walle of the veins are frequently indefinite because of extensive
silicification of the countyry rock. Silicificetion is particulariy
intense where the country rock is composed of limestone; in these areas
the ore bodies take on some of the characteristics of replacement bodies



with minexalization widely but parcely sand irregulsrly distributed over
the entire zone. Although the stoping widths ave grester in the Osceola
Mines than in the Pride of the West Mine, the average grade of the oye is
considerably lower,

The middle part of the Pride of the Fest velin system extends from
the Midway level adit to the Schasider open pit {Plates B and C). In
this part the zone consists of » parallel system of velns with infrequent
linkages by stringers. The Zone is falrly constant in width, varying
from 100 to 150 feet and has a steep dip of 75 to BO degrees to the west,
The individusl veins which do not excesd ten feet In wlidth, have very
distinct wells. Mineralisation is uniformly distributed in the Zone, but
has 2a ¢
along the etrike end drip, This axea represents the high-grade part of
the vein system in which the Pride of the West Mine has been develeped.
Figures 21, 22 and 23, Pages 86,87 and 88, show portions of individual
veins in this paxrt of the pens.

The Seuthern part of the veln system, which extends from the Schnelder
open pit southward to the covered area west of the Little Fanny Mine,

dency to octur in an eon echelon manner from one vein to ancother

conelsts of a zrone of mmssive, berren quartz veins. Ths zons,varies in
width from %0 to 200 feet and frequent linksges by stringers are common.
The zone has 8 genexal dip of 65 to 80 degrees to the west. Individual
weins have sharp walls snd frequently excesd ten fest in width, Mnemal-
izstion is vexy sparse in this part of the vein system and only traces
of copper and iron sulphides have been observed.



Figure 21,--Surfac* #*##*## ef eme ef the eec&a* emaetiWtW the Mrt*
ef the West win eystem* Most ef the vein aietearlsl 'la 'tM»
pheteymph eemiiets ef gpertx, Wet* the hieehey dheiestw
ef the win when *ep*##fd te withering. Phetegreph taken

leefcéni e**t at £, sm# 10, min.



Figure 22*— View showing the SehneltSer ep<m pit* At this peint in the
view system et leest four veins are present and all are
well mineralised giving vary wide Otoping widths* Note
the moderate dip ef the hanging wall e$ compared to the
steep dip of the festwsUUU Photograph taken looking north

from the south end ef the open pit*



Figure 23*— new ahewan# sa exeeme e# ms ef #e veins that constitutes
the Pride ef the West syetm* *#3# the asssive chsseeter ef

the vein and it* resistance te eeesSea* Fhetegreph takm

looking north at 9,8402, 10,Sim*



Grade and Distxibution of Gre Bodiess The lergest and highest

grade ore bodles that have been developed in the veln system occur in the
Pride of the West Mine. The most productive of these ore bodies cecurred
in the southern part of the mine, extending in an irregular manney from
the first to the fifth level. The majority of the mined ore wes high~grade
and had over a four and one-half foeot aversge width, a combined lead and
gine assay in excess of 20 pavcent.

Another smller ove body in the same mine, situated to the north of
the previcus body, extends from the fourth level to the surfece, This
has an irvegular distribution of high values but there Lg an apparent
increase in grade towards the suxface, with the highest grades ‘ui ore
belng obtained in the vicinity of the Schneider open plt. Stoping widths
in this ore body increase rapldly towards the surface, with the body as
a whole having an averages width of spproximately five feet. The ore body
averages between 10 and 19 percent in combined lead and zinc,

Although seny development levels have besn driven on the (scecla
property, caly the lower Lammence level has been stoped to any extent.
The writer estimates that over 30,000 tons of ore have been extracted
from one stope on thic level, avereging between 5 and 10 percent combined
lead and pinc content on an average width of 11 feet.

Carbormte minerals occur characteristically

as fine ramifying veinlets in the early and late stages of vein formation.
Altheugh s detalled study was not made of these minerals, it is the writexh
opinion that the sarly cabonates are frequently menganiferous and iron bearing.



The carbonates appear te be evenly distributed except for s possible increase
in amount towsxds the north ond of the vein syatem,

Luaxtss This mineval probably sccounts for over 70 percent of the
vein forming minerals and is thus by far the mest abundant of them, The
greatest amount was deposited in an eerly barren stage before the sulphides
wore fosmed. This sarly stage was characterized by replacement of the
country rock as is demonstrated by the silicification of country yock
fragments., o

The next stage of quarts deposition followsd the formatioen of sphalexite,
Matohing walls of fractures in the sphalerite and the filling of quartsz
(Pigure 24, Page9l), give evidence of fracturing of the vein zome following
the depesition of the sphalerite and prior to the deposition of this quaxts.

The final quartx stage followsd the deposition of gelena, chalcopyrite
snd tetzahediite. The amount of Quarts depesited in this stage was less
than the previous two stages and much of this was deposited 2s o sisple
facture filling,.

The following criteria were estsblished for a theery of celleidal
origin for some of the quarte in the Pride of the West vein system.

1. Humerous specimens examined showed a welledeveloped colleform bande
ing of the quartz. Partial success was obtained in meking this structure
prominent by use of the following procedurs. The specimens were polished
and immersed in a concentrated sugar sclution fox over four menths. Follow
ing this soaking the specimens were beiled in concentrated sulphuric acid
in oxder to fix ths carbon that the rxock had absorbed.

2. The origin of the "Zsbrs Urve,” to be discussed below is best
explained by colleidal quarts.



Figure 24.— Phot*ale®ogawipli shewliig # cparts veinlet (grey), cutting
sphalerite (white)* Nets the matching of the wails of
the veinlet. Specimen taken from the 7th level* Pride
of the West Mine, Signification approximately 320,

photograph taken with reflected light.



Figure 2

5 * W&MAM # # trsnseetasn ef sphalerite
(light grey)» and galena (white), by a wveinlet ef quart¥
(dary grey)* Mote that the galena an bath aides ef the
veinlet me emef# the same grain as shewn by the matching
ef the orientstiea ef the triangular pita es hath sides
ef the veinlet* Mete alee a rough matching of the walls
©n either side of the veinlet. Sample taken from the
second level. Pride of the West Mine, Magnification

approximately 320, photograph taken with reflected light.



Figure 2&~~8aod speeWm of MMeé mm sad win mtearisl
the vuggy sad sea# stamtures of ths ####%#* Spesimsn
t#k*a from the Ttfe level ArWe ef th# «est Mlae,



Figure 27*— Pter&waeregreph slMHiadng méméml Quart* Cgrey), Ifi
sphalerite {white). The Quarts is later than the
sphalerite but because of Its high energy ef crystal*
lisatien has assumed its mm crystal fere. Magnifies*
tien is approximately 640 and the photograph was taken

in reflected light*

* %
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3. In contrast to the general silicification of the country rock
surrounding the veins, quartz veinloets with extremely sharp walls cut
oldey veln minerals.

Epeg , ar Hematite: Comperatively small quantities of specular homa-
tite are ssseciated with the limestons in the Pride Aves. The mineral
cmnaymummmmm(m.m,m%),mzu
relationship to the other vein forming minsrzals has not besn definitely
deterained. The occurrence ¢f specular hematite in the Pride Ares is
anomalous in that it ls usually vegarded as a high~tempeseture mineral,
wheress the sulphides found in the Pride of the YWest veln system arxe
probably medium tesperature minerals.

Pypite: This minera) is uniformly distributed throughout the vein
zone and is sometimes found in the countary rock wp to & distance of
twonty fost from the individual velns. Pyrite was deposited before the
productive sulphides, and there ere sumerous examples of its replacement
by these minersls {(Figure 29, Page g7 ). When occurring in the country
rock as small greins, pyrite comsonly has a cublc orystal form, due
probably to its high smexyy of crystalization. Figure 30, Page 98,
shows evidence that the pyrite gralins wave fractumed snd later filled
by quartz.

iphalarl to This is the second most important ore mineral and has
been found without exception to be an sarly mineral in the productive
sulphide stage. Sphalexite has a falrly uniform distribution except for
@ slight decrease in depth in the sphalerite galens ratie.




Figure 20.**PWta8&cragr&ph Chamifig the lath shaped character ef specular

hematite (white) Is a backgrmmd ef quarts (dark grey).

Specimen taken from the surface at 9,400i, 11,100#. Negni*

ficstion Is approximately 1,200 end the photograph was
taken in reflected light.



Figure ag”"“-Phetemioregm”li «bewaflg M antecedent veinlet ef pyrite
(grey/ being replaced by galena (ahlta/. Magnification
is appreximtely 160 and the photograph ms tafcem in
reflected light, specimen taken from the 7th level,

Pride ef the Wst Mine*

97



Figure 3D.“*?h@tc*&MPQ@g3%pé& shewing fracture filling of pyrite (light
grey) by quart* (dark grey), note the mtshlng walls of
the veinlet. Specimen taken from the Lawpenoe level,

ueeeela Mine. Megnlfloetlon epproxlmetely 320% photograph

taken with reflected light.



The sphalerite contalns smsll blebs of chalcopyrite which are usually
uni formly distributed. Only in a very fow specimens were the blebs oriented
along crystallographic directions (Flgurs 33, Pege ypn ). From the relation-
ship of the chalcopyrite blebs to other ainerels that have lnvaded and we-
placed the sphalerite, it 1o the writer's opinion that the chalcopyrite
blebs do not represent exsolution, as commonly stated in the literature,
but rather indicatss & replacemsnt. Figures 32 and 33, Page 10} and 102
illustrate this point and establish a definite relation betwoen the size
and distribution of chalcepyrite blebs amd the guartz velinlet that has tran
sected the sphalerite. This relationship has been observed in many polished
sactions of the ores of the Pride of the West Mine. A possible explamation
for this relationghip might be that a fluld containing chalcopyxite in
soluticn flowed through the fractures in the sphalerits and then the chale
copyrite was diffused into the sphalerite grain.

Galegas This 1s the most fsportant mineral in the veln system, and
in the upper portions of the Pride of the est Mine it is frequently
argentifercus. Although no silver wminerals were obsarved associated with
the argentifercus galeoa, it wes found that whan this minersl was eltched
with concentrated nitric acid (1) for a minute and & half, a curicus
pitted spharical etsh pattevn develeped (Figure 35, Page ;.. Gelena
specimans taken from the lower parts of the mine when treated in the same
manner did not show the same etch pattern. The silver is probably con-
tained in the galens and both form a solid solution. Nissen and Hoyt
{1915, pp. 172+179), state that the limit of solid sclution of Agyt in
galens at atmospheric temperatuxes is below 0.2 percent {approximstely
32 ounces per ton of galema). Except for the occurrence of pockets of



31.7letol ef vein wterisl emWWm# *#WWe# feued
"in Msee* en the maNWw* Wet# thet the sphai“rite has
been lesehNl out «MX# the ##X#m #M§# i#f wt# stebl#

be# ewmimd. Speeliwm tafcen fsea o / 9MS X0 MQ«t*
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m&ve®aiK) SCHOOL OF m Bfu:
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sho«Aog s”alerit# being transected by e
gmets veinlet» Net# that the blebs ef ehalecpyarlte In
the sphalerite shew a decrease in #1lw and increase in
WAtity as the bmmday between the sphalerite and
W#t% la appMeched. Specimen taken Aref# the 7th level
ef the Frida ef the west Mine, Magnification is

lawtely 600, photograph taken in reflected light,
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Figure 33*— Micropltotsgreph saewdng n pertien ef Figure 32 la greater
detail* Mete #e deereese in else ef t&e <halc<”“yrite
blebs toward tbe quart» sphalerite boeadry* Mete alee
the erientatiea ef eeme of the ehaleepy”te blebs ta the
center ef the photograph* fttegalficatSeik sg*proxlaetely

1,200, photograph taken with reflected light.



Figure e segmented veinlet ef chaloepyrite
(white) and quarts (Mask) transecting sphalerite (grey).
Specimen tedwm on the 6th levelt Pride of the west Mine*
Magnification sg”mdm*sly it2 m f photograph taken in

reflected light.
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wire silver, the cergentration of silver never resched 0.3 pevcent in the
Pride of the vmst veln System.

$#iners who bave hed censiderable esxperience in the Pride of the West
iine, report that the ocourrence of large crystal cubes of galona is a
good indication of high silver values. It has bsen reported by various
workers in mineralogrephy that curveture of the palena sleavage also
indicates high silver contants, The writer definitely found that thw
argentiferous galens hed a highly surved clesvage, but this wes also
tzue of some speciaens that were apparently aonmargemtiferous.

The atel toxtusw of galens and pyrits fourki on the aixth lovel
of the Fride of the West #ine and on the surface at the Ceceocls ming
mexits further description. This texture, which can be soen in Figures
36, 37 and 38, pages 1062107 » 8nd 1.5, consists of conceniric arysnge-
ment of the following aﬁmu&s. :

1. A grein or gyeins of galena in the ceater.

2. Thin ria of pyrite,

3. Thick rim of quartz with small inclusions of carbenste
pnd smell quantities of another aineral which is probably
aygentito.

4, Thick irvegular rim of pyrite.

Ihe above tones ave mot alweys present and Figure 38, page 108
shows a single thick rim of pyrite surrounding the galena.

The occurrence of carbonates replacing galens along its cleavages
is very interesting (Figure 40, page 110j. It appears to be unusuel for
the carbonates to replace any sulphide ln the vride of the West vein
system.



Figure 36.«”“Pbote”ezegraph «dewing tbe typical atel texture ef
pyrite tgsey), aurrowiding galena (white;. Surroundlog
the pyrite rbte» te the left side of the photograph is
fiiw grained t&mrtz (darts grey). Specimen taken from
the surface at 0e390E, 11*060#. signification is

approximately 330, photograph taken in reflected light.
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Figure 37»"Photomicregrapb showing in detsii one segment of # » stoi
texture» The extreme left side of the photograph consists
of galena (white). Surrounding this is a thin rim of pyrite
(white). In the right center ef the photograph is a thick
ri# of quarts (grey). TMe thick rim contains small inclu-
sions of carbonate and minute inclusions of argent!te. This
thick rim of quarts is succeeded by massive pyrite (white)e
and finally to the extreme right of the photograph by quarts.
Specimen taken from the 6th level. Pride of the west Mine.
Magnification approximately 640. Photograph taken in

reflected light*
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Figure 3B, »“Phetc”6regraph of atoi texture showing galene (white),
surremded fey N tick rim of pyrite (white). Surrouno-
log tiw pyrite end occupying the outaide of the photi>*
graph is quarts (light grey). Mote the Whedral quartz
crystal la the center of the galena. Specimen taken ..
the surface at 9*3906, 11,0am. Magnification approximately

320, photograph taken In reflected light.



Figure 39— Ptietaaicregraph showing the filling and replacement ef
gwrta (grey), by galena (white)» Speeimen taken iwm
the 2nd sublevel. Priée ef the west mine* itegniflea»
tien approximately 320, phetegreph taken in refletted

light.
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Figure 40+— Pbetemicregraph showing the repieownssfit ef #lem (white)
by ocertoeuiBtee (grey)* magnifleatien swrnxlnetely 160,

photograph taken in reflected light*
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This minsral commonly occurs as wire silver lining
vugs, and is probably of a supergens origln, although this is by » msans
cartain,. Many vugs were exsminad in the nines for wire elliver but the

writer did net discovar any. It is reported that hamisome sasses wers
fmmmmlmhmwmafmthiﬁﬁfmk
developed., Undoubtedly, some of the very high assay velues at that tise
were due to thies minewsl.

The remaining sulphides, teteahedrity, ruby silver
and covellite will not be dlecussed as they only etcwrred in relatively
small quantitiss and displayed no unusuel featurves,

Flurite, barite and rhodonite were alse
found in sml}] Quantities in the vein system and thelr exsct relationship
to the other veln ainerals could not be detersined in the polished sec~
tions examined.

Eaxsasnasis: A parsgenssis chaxt (Pigure 41, page 112}, has been
prepared by the writer for the Pride of the Yeat vein system. The
black aress on the chart indicate in s diagrametic omnner the relative
time and quantity of minersls deposited.
mwm&:mmwﬁiﬁm inte eight stages, cach
stage representing the depssition of 3 particular minersl or minerals.
The first stage represents weak hydrothermsl alterstion with the alteration
products of chlorite, sericite and clays being deposited in smal)l irregular
quantities througlwut the vein zene. In some parts of the vein system,
notably the northern part, epidote and clinoasisite were formed.
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FIG. 41, PARAGENESIS OF VEIN MINERALS IN THE PRIDE OF THE WEST VEIN SYSTEM
I N,
\TIME >
CHLORITE , CLAYS
and SERICITE
CARBONATES A e -
QUARTZ ’—_—.
| |
SPECULAR ———T=
HEMATITE i
! .
PYRITE :’—-‘ _____
SPHALERITE <
GALENA ’_‘
(some argentiferous) )
CHALCOPYRITE O—
TETRAHEDRITE 1 N O R
(most argentiferous)
NATIVE SILVER ‘ _____
|
COVELLITE
RUBY SILVERS o |
STAGE | STAGE 2 STAGE 3 STAGE 4 ESTAGE 5 STAGE 6 STAGE 7 STAGE 8
! %
Hydrothermal Initial Ist barren quartz Ist productive sulphides ]‘znd barren |2nd productive Final Supergene
alteration | €arbonate ! quertz sulphides carbonate alteration
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Ihis initis) stege was follewed by 3 carbomate stage and this in
tuen followed by & stage of barren quartz. Stages three, four and six are
repressnted by the productive sulphides which include the follewing minerals
listed in the orxder of depositiom

m&“ b.outpcn«-&mﬁ
Sphalexite . ¢ « ¢ « s ¢ + « Z06
Galens s e a s s 0 u s » FBE,

ChaloopyFite « + o + + +» » « » Culelg.
Totrahedrite o « » + « « « « » Cugls Sbola. '

The minerels in the above 1ist sve characterized by having an
incressing selubllity in water from top to bottem. The first productive
snmma are ropresented by pyrite and sphalerite. Frestures cutting
the sphelerite were filled with quartz before the depesition of the
sacond productive mm;. The second productive sulphides, gelena,
chalcopyrite snd tetzshedrite appear to have been deposited almost
cotanporaneously with chalcopyrite depositing a iittle longer then the
other two (Figure 42, page j1¢. The deposition of flurite, berite ond
rhodonite are probably repressnted by this stage, but their exsct rela-
tionship to the other minerels has not been determined as yet.

The productive sulphide stage was followed by 3 parlod of fescturing
and the #illing of these fsactures by carbomates and minoy amounts of
quarts. The final or eighth stage consisted of limited supergene altere~
tion of the hwem sulphides, This swpergene stage is principally
represented by minor ameunts of covellite and ruby silver.

Ropiacement is the domimant process of vein fozmation especialiy



Figure 42w*Phatemierogr”h «howé&ng the replseement of galons CH#S$t
grey) by chuleopyrite (grey). Note that the r#plsomment
occurs mainly along the cleavage directions of galena¥*
Specimen t&km from the 7th level, Pride of the West
Mine» Magnification approximately 320* photograph taken

in reflected 1light.
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tpmimen ehowtA# s eSneraldiwS win ef milKy qysrts:

tr-mseetlrig the country rock of flow breccia” Note galme
In the center of the win end also let# cerbonate wifilets
(black) that out the goartx vein at ri#t angles» Speci-

men teken from the l1lst* lewvel. Pride of the West Mine*
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as far as the sulphides arxe concerned but open space filling is frequently
chsexved. The ore commonly occurs as large parallael lenses, each of which
is not generally continmwus for any grest distance. These lenses of ore
occur betwesn branching stringers and veins of gquartz. In sowe places
the boundary of the vein system is herd to determine because inmmereble
stringers and velinlets branch out into the country rock. In other places
the veln is in shaxp contact with the country rock and has the appearance
of N&m “frozen" to it. Although puserous variations are present, the
texm “linked vein structure™ seems to be mpst appropriate for this system.
Numerous gougy slip planes ave present in many parts of the alne, but it is
thought that there wes no appreciable movement along the fissure. The
evidence of lack of movement is based on the absence of any displacement
of the stratigrephic units from one side of the welin system to the other,

Figure 21, page B84 1lllustrates the blocky charscter of one of the
veins after exposure te surface weathering. Flgures 22 and 23, pages B7
and 88, illustrate the “frozen” relationship between the sountry zock and
veins.

Figure 44 and 45, pages 117 and 118, show high~grade ore in limestone.
The irregular replacament of the limestons is evident and the peculiar
spherical concretiomsry~iike bodies of ore are alsc of interest. Figure
4%, page 118 is of special interest in showing one of these concretiomry
masses in contast with 2 lens of mmssive and vugyy Gquartz,

Figure 46, page 119, shows high-grade galena and sphalerite. It
" may be noted in this figure that the magses of sulphide are transgressed
by veinlets of tranglucent Qua:
the banding seen. in the vein zone, Both Figure 47, page 130, and
Figure 48, page 121, show various typos of banding. uwhereas, Figure 47

3. PFigure 46 also illustrates very well



Plgur#

empewxe mhowlng the r#p%aefimemt of limestone by
sulphide* md qwertr* #ote tb@ breeolatlon QW
oetlon of the IWeeten# la th# upper right comer pf the
photogreph* Note also the eaneretleAary like ox# form*
developed in the lew**' center pert of the photograph*

Vie# taken looking east at StS1OEf 11,270N*



Figure 4@,--Closer# view of «pea seen in Figure 44, showing ene of
the concretionary like forms in grestsx detail* Sots

the sharp contest of the quartz vein with the limestone»
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Vi1-mm of high grads cars sonslating of galena*
alerits #W shalcopyrlte. Mote the rough banding
of the massive sulphides and translucent quartr¥
Specimen taken fro# the first level# Pride of the West

bine*
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Figyge 47»i*«4tafid specimen -tif # -Artior. ef * win showing the bardei
char&cter ©f the sulphides (dark) and the quarts (white)@
Speclsen taken fre® the 7th level duEp$ Pride of th-e

West Mine»



gwr* 48, ~«Hand specimw of # vein #«#«# th# pronmmeW *#3&»
ing ef the EsssSw sulphides shd guarts* Wte taet unlike
the «gpeelmen in Figure 47* the eulf#fiide# wre depoeitsd
later than the quartz. Specimen taken from the seventh

level dump* Pride of the West Mine»
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shows guartz filling the center of the velin, Figure 48 shows massive
sulphides filling the center of the vein.

"#sbra Ore" found in the property of the Csceola Mine was first briefly
described by Rensome (1901, Page 89). This cre, shewn in Figure 49, page 123
and Fligure %0, page l24, because of its unique occurrence will be described
in greater detail.

The “Zebra Cre™ occurs s strikingly regulay bands of quartz and sule
phides. Sulphides consist either of galens and pyrite or sphalerite snd pyrite.
in the latter case the pyrite and sphalewite are often banded themselves.
Sulphide bands vary in width from G.1 ma. 0 4,0 =, and probably sverage
0.25 am. Quartz bands betwen the sulphides have s width froe 0.2 mm. to
20.0 mm. and average approximately 3.0 mm. |

The sulphide bands are often discontinuvous as 1s seen in Flgure 49,
page 123 and some are somewhat distortod when examined in detail. Generally
the aspect, howsver, is of 5 resarkably well-banded aye.

uartz is translucent to clear, wellecrystallized, and the crystals
are oriantated ot right sngles to the sulphide bands. »yrite is commonly
eubedral, and the ato} structure of galens and pyrite mentioned previcusly
{Psge jom), has been observed in this ere, The exder of crystallisation
appears to follow the same sequence ss that determined in the paragenssis
of vein minerels end the pyrite is clserly replaced by the other sulphides,

As far as the writer could detexmine all the occowrrences of the “Zebre
Cre™ (March level, Conselstion level, and on the surface st 9,4508, 12,090H),
had limestone as the country rock. The sstimeted width of the exposure
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figure 49.""4jmmd $p#cimem of *Z#br# iGro" showing the handed relationship
between the sulphides and the quart*. Note the discontinu-
ous character of some of the sulphide hands. Specimen

taken from the Consolation level* Osceola Mine.
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Figure Rend #pecl*#m W eheWLag the p*og****jvy*
Increase in the size of gwa&t* band” from right to left

of the photograph* specimen taken fro# the Consolation

level, Oeceela &&n@x*



of the "Zebra Ore" on the surface at 9,4%0E, 12,050N is at least four feet,
and probably exceeds six feet. Three assays of the "Zebra Ore"” from the
above three occurrences were averaged and gave the following results:

0.16 ounces gold per ton

0.9 ounces silver per ton

3.7 percent lead

6.5 percent zinc

0«3 percent copper

Beth the gold and zine¢ values are unusually high for the average ore
that occurs in the Pride of the West vein system. The silver is probably
contained in the galena and the gold is associated either with the pyrite
or chalcopyrite.

The term "Zebra Rock"™ appears to have been first used by Butler and
Singewald (1940, Page 793-838), who described the zonal mineralization
and silicification in the Horseshoe and Sacramento Districts, Colorado.
They state that the re-crystallization of the Leadville dolomite produced
firregular sub-parallel baﬁ% of white dolomite and that al ternations of
these white bands with dark gray dolomite is responsible for the designa-
tion of “"Zebra Rock.™

Lindgren (1915, Pages 231-234), in a study of the replacement of lime=-
stones by highly siliceous ores of the Gemni Mine in the Tintic District,
Utah, discusses a similar type of ore:s

"Silicification of the Tintic type is produced not by meto-
somatic replacement, involving the development of crystals in

solid rock, but by replacement of limestone or dolomite by colloidal

silica which immediately afterwards became transformed inte chalced=

ony or in part into granular quartz. Given such a colloidal mass it
would be easily penetrated by electrolytes which by reaction with
residual solutions contained in the gel might easlly produce sguch
rhythmic precipitation rings."

Lindgren believes that the diffusion rings or rhythmic precipitation

is similar to those in agate or those described by Liesegang (1915, Page 233).
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In a review of Llesegang's paper by mpz {1913, Page 804), Koopt is
quoted as stating:

*1f a2 drop of AglG, selution is placed on a plate cobted

with gelatin which has been impregnated w&w& Ts @ sexies

of concentric rings censisting of the iascluable Agdiry07 will

be forxmed, the rings beceme spaced at successively wider

intervals apart ia propertion as ths distance from the center

incresses. This concentric system of »ings wes toxmed

*iiesegang rings® by Cetwald.® ,

Figure 50, pege 124, shows a similarity of the Gsceela “Zebre (re®
rings to the rings described above, with the rings becoming progyressive-
iy wider spaced to the left of the photegmaph.

Tha formation of the Liesegang rings is explained by Gstwald as
folliows:

"As silver nitrate diffuses out a suporsaturated solution

of silver bichromete is foymed, when the metastable limit of

this selution is reached the eilver bichromate is precipitated

forming the first ring. The continuous outward diffusion of

the selusble silver salt causes a renswed formation of silver

bichromate solution in the zone surrounding ths first ring

until precipitation again ensues.”

In an exsmimation of the Csceola Mine in 1899 Ransome (1901, Page 89),
gives & brief description of some of the "Zebra Oxe” he found on one of the
vesceola Mine dumps in 1899. Hansoms beliaved that its origin was probably
connected with metosomatic replacement. The wwiter, howsver, follows
Lindgren®s views very closely and bellieves that the ore was formed

through diffusion in colleidal quartsz.

No apparent practical rmm»m betwosn
the occurzence of ore and hydrotheymal alteration can be used for the



location of new ore bodles. Although there is considerable alteretion
in tha Pride Ares, this alteration appesrs to blanket the entire segion
and probably is comnsctad with fumarolic activity following volcanism,
The writer has noticed occasional smell zones of ergillitic and
saricitic alterstion along the sides of the velns and alse more exten~
sive propylitization ia the vicinity of the Uscesls Mine. However, this
alteration has been two minox and irregular to be useful as a criterion
for the finding of exe. Unly in the lower Lawrence level of the (scecla
#ine is there any possibllity for the use of propylitization as a guide

to ore.

Bacause of the high sititude and great rellef

in topography in the fride Arec, erosion has been extyemely active.
This raplid rete of avusion has prevented the formation of any appreci~
able supergene sulphides in the vein zone. A plece of messive sulphide
taken st the surface and lllustrated in Figure 31, Page 100, shows o
partial leaching of the sphalerite with the galena remeining unaltered.

Any geologic feature that has had an influence pon the depesition
of ore is discussed in this sectien and for clayity this heading has
bean divided into four general groups: faulting and fissuring, jeinting,
affect of country reck and other contrels.

Faudting and Fispuring: As stated previcusly, the Pride of the igst
veln system ls a part of one of the fissure zones on the southern rim of
of the Silverton Caldera., The radial fissures sppear to be tensional
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in origin and according to Burbank probably were the result of the initial
doming of the Silverton wolcanic center. The tensional origin is supported
by the fact that many of the fissures tentain dikes that would be more
likely to he emplaced if tensional stresses were in operation. 'No eppre-
cisble offsst along the Pride of the West velin system has been found to
exiat but numerous gougy siip planes indicate that sovesent did oceur,
probably of an escillatery nature.

Unlike the Green Hountain Mine, the Pride of the West and Cscecle
Mines sre free of post mioeral feults. Hewever, on the surface there is
evidence of at least one post mineral fault eutting the vein system, The
extension of this fault does not intersect any present mine workings.

The Pride of the West flssure sone is at least four thousand feet
in length and has & known depth of at least fourtsen hundeed feet. The
flssure zone strikes about 19 degress northwest and has generally 2 steep
dip to the northwest. The width of the fissure zone varies from 100 to
450 faet.

Jeinting: The strike and dip of the domlnant joint set in the vicinity
of the Pride of the Hest vein system have been found to be the same as the
strike and dip of the veln system itself. It would appear that the joint~
ing controliled the fissuring which in turn fnfluenced the lecation of the
oxe.

Betwean the Schnelder open pit and the Little Fanny iine the deminant
Jolnt set has a very constant strike of 20 degrees northwest with a dip
of 72 degrees west, This attitude agrees very closely with that of the
veln system in that area. Botween the Schnelder open pit and the Osceola
ine the strike of the jolnting is smch more variable, but it averages
28 degrees northwest with a dip of 85 degreses west. The vein system in
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general follows this trend but locally departs from it at a high angle.
There doas not seom Yo be any definite rvelationship between different

lithologic types and the jointing with the possible exception of the lower

thyolite, which is characterized by a stedp or vertical jolnting.

L Connd The natugte of the country rock is cone
sidexad to be a wajor contrel in determining the character of the velins and
the locsiization of ore in the Pride of the iest area. The following list
represents rocke of the Pride Area placed in oxder of their favorsbility o
ove deposition,with the flow bawccis being the most favoresble and the
rhyolite fiow the least ﬂm.

1. Flow breccia meaber of the Upper BEureita Rhyolite.

2. latite flows in the Lower Euveks Rhyolite.

3. OCuray liswstone.

4. Pre~Combrian schist-flow breccia contact.

. Pro-Conbriasn schist.

6. Rhyolite flows in the Upper Bureks Rhyolits,

A brief summery giving the chavacteristics of the veins in the sbove

rock types follows:

this rock type are rsgulay in width, uﬁikﬂ and dip, They slso are chape
actexized by having definite wall rock contacts ss well as distinct ove
bodies within the veins. Gougy slip plenss are common, especially in
the lower levels of the Pride of the WYest line. The vein sone sverages
about 100 feet in width and contains et least two distinct vedss which

are frequently linked and bwanching.
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the vedn zone in this

rock type is unusually wide, averaging about 25C feet. Individual veins
have irregular widths, togsther with varisble strikes amd dips. The veins
commonly bave a very complicated indefinite appearance because of lanumer-
able linking and branching velnlets and alse because of occasional exten~
sive silicificstion of the country reck. Minerslimstion is distributed
fairly regularly throughout the entize vein zons, but but the occurrence
of commercisl ore is irregular and gensrally of low grade.

A hedmasts Veins in the limestons heve many of the festures
that are common to those in the latite flows discussed above., Velas aze
sxtremaly irregular in width, strike and dip. Although little developw
ment work has besn done in the (Rivay limestons, it appears that the ore
bodies ave meinly of a replacesent type, and their form and occurrence

are very lrregular.

Pre-Canbrien-Flow Brescia Contact:s Velns in the PreCambrian
schist or at its contact with the andesite flow breccia, are characterised
by being relatively thin and regular in strike and dip. Contacts are very
sharp and gougy slip planes sre falrly common. At present no faportant
ore bodies in the Pride of the Wast and Osceola Uines have been developed
in this rock, although in the Green Meuntain Mine most of the ove is
confined to this rock type.

This rock type acts
28 3 cap rock to mineralization in the Pride of the Vest vein systen, and al~
though vein moterial ia the form of quartx is present, sulphide mineraliza-
.t&ﬂn is very sparse. The veins have fairly constent width but variable
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strikes and dips. Contacts of the veins with the country reck are shapp
and the branching and linking of veins ls common.

¥ The properties of the velns in the Pride of the
West arss, are thought to be directly zeladed to the physical characteristics
of the different rock types. The shsence of extensive hydrothermal alter-
ation and the charecter of veln structures does not suggest thet the chealcal
properties of the rocks had any influence upon the vein forsmtion.

Ao the flow breccia and the latite flows are the most important
host rocks, their physical charecteristics will be discussed in wore detail,

The brittle charucter of the latites flow explaias meny of the
features assoclated with this rock, Decause of this inherent beittleness,
the rock on the spplication of stress, frectured into a wide pone of ixe
rogular sub-parallel planes. The sbundence of passageweys for ore solu-
tiens distributed the mineralisation widely threughout the fractured zone
but did not facilitate strong concetrations in any one place.

Un the other hand, the plastic properties of the flow breccia
allowed only ¢ small nusber of regular and parslilel flssures to develop
upon the application of stress. This plastic property slso sfforxded
the developaent of gougy slip plenes, It is thus evident that only com-
parstively few channelways were available for the ore solutions, and
with the gougy slip planes acting as baffles, the ore was precipitatad in
strong concentrations wherever structural conditions were favorable,

ther Oxe Gattzolss In almost every case it oppears that the highest
grade and largest ere bodles ere associated with steep dips. As can be seen
from Figure Bi, Page 132, this change in dip in the Pride of the West :ine
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is controlled by the Pre~Cambrian echist contact. This contact is unususlly
steep, ranging from 65 to 75 degrees and probably represents the eide of
an ancient stesp~wmlled wvalley.

In the Pride of the West Mino most of the ore is cenfined to & bow-
shaped vein zene which is concave to the weet. (n the third, fourth and
fifth levels of this mime this bow-shaped szone is aspecially prominent
and it is here that the highest concentrations of oxe occur. A simflax
concave gone is found in the Lowrence level of the Osceola Mdne snd it
is sore than a coincidense that both mlsws should possess this featuve.
The sxact strustural conditions producing these sones ares not clear but
in the Pride of the Weat Mine the bow-shspsd zone might pessibly be caused
by the junction of the fissure system with the Pre-Casbeian contact.

tmmm-mmammammarmmtm
and associated properties was sade in the swssr of 1950 with an Askanis
magnstometer.

A test mm with stations at fifty-foot intarvals was run over
an exposed portion of the iPride of the west wvein systes, just south of
the Midwey level adit. This trenverse gave & negative snomaly of about
Wmﬁwmwmw#mvﬁnmmwmgw*&amimw
sake & series of traverses over the covered portion of the vein system in
order to determine its extensions to the north and south. The results of
this survey have been plotted on Plates B, U and D, and the folloewing
caonclusions have been drawn.
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l. A negative anomaly in excess of two hundred gammas was deter-
mined from at least threw traversses over the known vein gone.

2, The negative anomaly probably is produced by quartz and the
silicification asseciated with the velne.

3. A strong negative anomaly in excess of five hundired gamsas
was found to have a trend of 32 degrees southwest from a point just south
of the Schnelder open pit (10,1508, 9,8008).

This trend correlates very well with 2 serles of jolat determimations
made independently in the sres. Although no important westerly aplit of
the veins was found in the underground workings, it is possible that ons
of the veins thus far not developed alght parelle) or follow this westedy
trend.

4. Ho definite ansmaly trends were found when the vein zone
was in the limestons and for this reason the contimmtion of the wvein sys~
tem to the noxth was not sstablished.

The Pride of the Hest vein system is a vein-filled fissure zone
1inked by numerous stringers and constitutes ons of the radial fissures .. -
in the southern part of the Silverton velcanic centsr. The fissure and
veln system dips to the ssuthwest and strikes approximately 19 degrees
northwest. The wein system extends for 2 known dlstance of about 4,000
foet and has a3 depth in excess of 1,400 feet. Sulphide mineraliszution
has been traced for at least 2,000 feet along the strike and 900 feet
down the dip. The zone veries in width from 100 feet to 250 feet. Both
the Pride of the West Mine and the Usceela dine have produced ore frum
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Certain of the ore controls have definitely besn estahlished. These
include litholegy, jointing and contect relotionships, Within this freme-
work, minor structurel contzols have besn thought to operete such as
gowgy siip planes and changes in the dip and strike of velne.

Ho essentisl change in minerlegy wes noted aleng the striks or down the
dip of the vela system.
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