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INTRODUCTION 

The are-a deacribed in . this paper 1s 1n the San Juan 

Mountain of southwestern Co~orado and comprises parts of 

the Si~verton and Telluride quadrangles, an area of approx~ 

imately 270 squar miles . 

The paper 18 based on a review of available It ter&.-

ture. converaations with and personal notes of severa1 

authorities acquainted with the area, and includes persona1 

observations and interpretations of the riter. This 

regional study has been undertak;en primarily in an attempt 

to relate the structures in Which ore deposited and localized 

to regional geologi~ history and structure, but Bome of the 

other interesting featureS of the region are also briefly 

mentioned. The paper itself is divided into sections: 

the £irst presents a brief description of the area. which is 

ba8ed entirely on the literature; the second includes inter

pretations, theories, and disoussions,t some phases of Which 

are certainly open to question. 

In compiling the data for this rather brief paper from 

the extensive literature available, muoh detall hag been 

necessarily omitted; for this detail or clarifice.tion of any 

of the descriptive material presented, the reade r is respect

fully referred to the bibliography which folIo s the text .. 

As .S. Burbank has pointed out, some confusion# dis-

agreement, and. perhaps inagcuraoies are to be found in 

the literature . Some portions of the area have received 
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little o~ no attentton. The results of work currently in 

progress in the Silverton area will certainly olarify the 

situation and will p~rhaps greatly modify t~ interpre

tations, theories, and discussions pr.esented here in section 

two. 

The numbers in parentheses, following names of various 

authorities referred to in the text, designate the partioular 

reference as listed in the bibliography. 
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I 

PHYSICAL CONDITIONS 

The San Juan Mountains, extending 90 miles E-W and 

70 miles N-S, are a well-defined group of high, rugged moun

tains, almost entirely surrounded by lowlands or plateaus. 

Included in this group are at least 13 mountains with 

altitudes of more than 14,000 feet, and more than a score 

of others whose altitudes are close to 14,000 feet. Most 

of the latter are in the general vioinity of Silverton, . 

which is near the center of the range. 

In the vicinity of Silverton, the stream oanyons are 

of the order of 4,000 feet deep. Glcial cirques and other 

erosional evidence of intensive glaciation are quite markedly 

present. The contour of most canyons exhibits a pronounced 

shoulder about halfway up the canyon wall, pointing to a 

history of recent erosion, uplift, glaciation, and erosion. 

Exposures on the. canyon walls are goo~. Rook glaciers, 

talus slopes, torrential fans, landslides, etc, of consi

derable magnitude completely mask large portions of the 

area, and have resulted in some confusion on the part of 

workers in the area. 

Vegetation is dependent on the degree of slope of 

any given area and the extent of the soil cover; it ranges 

from abundant to non-existent. 
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Thi1s area is! drained 'by the .ystems of the Uncom-
• I 

pahgre River to Ithe north, tPe Dolores River to the west, 

and theAnima~ River to the south, all immediately west 
I· , 

of tha Oontinental Divide. The drainage pattern of these 
I 
\ 
i 

consequent str?ams is generally radial, with its center 
I 

in the , vioinLty of Silverton. 
I 

Precipitation is heavy on the slopes of the mountains. 
\ 

Most dr the roads/ are snowbound from October to May, and 
! It, 

from July through September daily rainstorms are the rule. 
i 

This i~ a definite limiting faetor placed on prospecting 
I 

and g.ologic f'leld work as well as on ore shipments in 

some parts o.t the area • 
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GEOLOGIC FORMATIONS 

BEDDED ROCKS 

AGE 

Quat- Pleisto
ernary cene and 

Recent 

NAME 

Ter- Miocene Potosi Vol-
tlary canic Series 

Miocene Quartz-bio
tite latite 

THICKNESS 
(feet) 

? 

1000 

CHARACT 

Alluvium, talus, landslides, 
rock stream., mud flows, and 
glacial deposits. 

White dense rhyolite; alter
ation widespre~d. , 

200- Complex of "turfs", flows, 
400 and breccias. 

~~~~~----------~~~~~~.----~~~----~ ~-- ~-' 
S (Miocene Henson 
i Tuff 
1 
v 
e 
r (Miocene Pyroxene 
t Andesite 

? Sandy green, butt, brown, and 
purple tuff which is well 
$tratified and locally cross
bedded. 

500- Dense felsitic to porphy-
800 ritic andesite or latite. 

o ~ .............. -~- .-----""'.--.-..-..'--
n ( ~iocene Burns 

Lstite 500-
1000 

Rhyolite and latite tuffs, 
flows, · and breccias; includes 
welded vitreous turfs, pyro-

V 
o 
1 
c 
a 
n 
i 
c 

clastic breccias, and banded 
flui dal rhyolite flows. Banded 
latite. Amygdaloldal gray an
desite grading into coarse 
tuff. Dense porphyritic · ande-
8i te flows. 

~~~~~~~~~~~~~~~----~~;--~ -' 
S (Miocene Eureka Greenish rhyolite and latite 
e Rhyolite 0- floWB, flow breccias, and 
r 2000 possible welded tuffs. 
i ,"- ~'---"'-.../'o-",--","-..."....-"",_----... ,--...... 

e (Miocene Picayune 300-
s Volcanic 1300 

Group 

Latite and rhyolite flows and 
breccias. Andesite flows and 
b:reccias 

~~,~~~~~-;----,-~-~~~~~~~~~ 
ill' 



AGE NAME 

Ter- Mio.ene(?) San Juan 
tiary Tuff 
cont'd 

THICKNESS 
(feet) 

1800-
3000 

7 

CHARACTER 

Tuff'-breccias oomposed of ande
sitic and latitic fragments, 
mostly in !illgular and c!.l.8.otio 
aggregates. Base often contains 
fragments simIlar to those in 
Telluride Conglomerate. Silver
ton flows interfinger with it. 

~~'-~~~~----~~--~--~----~-'~~~--~;-~~~-~ 
Oligo
cene (1) 

Meso- Jurassic 
zoic 

Jurassic 

0-300 
Telluride 
Conglomerate 

~~orrison 
Formation 

500-
700 

Wanakah 85-125 
Formation 

Conglomerate, coarse arkosic 
sandstone, and talus acoumula
tions of quartzite, schist, and 
granite fragments. 

Alternations of sandstone with 
red and green shales. 

-Marl, sandstone, and limestone. 

~--------""'---------~ - ..... -~~ 
Jurassic 

Triassic 

Paleo- Permian 
zoic 

Pennsyl
vanian 

Carboni
ferous 

Mississ
ippian 

-

Upper 
Devonian 

Entrada 45-80 White to yellOWish even-bedded 
Formation sandstone. 

Dolores 40-300 ~ 
Formation 

Cutler 
Formation 

? 
Hermosa 
Formation 

? 
1{olas' 
Formation 

,. 
Leadville 
Limestone 

• 
Ouray 
Limestone . 

2000-
2400 

1400-
1600 

40-60 

180-
230 

-
65-75 

7 
I 

"7 
• 

7 

Pink sandstone, shale, and lime
pebble conglomerate. 

Sandstone, grit, shale, and 
conglomerate beds. 

.Arkosic sandstones, shales, and 
limestones; fossiliferous. 

Sandstone, shales, and marly 
beds • . ) 
Coarse clastic limestone with 
interbedded sands and shales; 
fossiliferous • -
DolOlll te and dolomitic limestone. 

Elbert 
Formation 

Upper 
Devonian 

35-50 Dolomitic limestones with inter
bedded sandstones and shales. ----- ~~~~~~~~~~~~~~~~~~---~~~~ 

? Pre-Cam- Uncompahgre 
brian Formation 

5000- Quartzite and slate. Slaty mem-
8000 bers locally contain schists. 
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. , 

INTRUSIV~ ROCKS 

The intrusive rocks in the area include clastic 
, 

dikes, intrusive rhyolite, qua.rtz latlte porphyry, in-

trusive latite, intrusive andesite, gabbro-diorite, an~ 

quartz monzonitG porphyry. The . aro quite widespread 

and no attempt viII be made to general].,. describe them 

further. 



The following pages on the regional 
geological structure, fissu~ing, and 
mineralization are from2 

"Vein SysteroB of the Arraat~e 
Basin,etc", by W. B. Burbank, 
Froe. Colo. Soi. SOQ., 
vol 13, No . 5 . 
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REGIONAL STRUOTURE 

'rhe bow-shttped fault zone of .the Animas Valley 

region has been shown to form the southeast margin of 

a great dmm-faulted blhock, and by considering this 

faulting in relation to regi.onal structure in the 

Silverton quadrangle it appears that this sunken blook 

includes a large n~ss of roughly triangular outline, 

which extends ·from Mineral Oreek on the west to the 

Anire.a.s Valley and northwestward and northvlard to the 

Red Mountain di strict and the vicinity of Treasure Moun .. 

tain. This sunken mass or' volcanic sink has a l'iidth 

from the Animas fault to Red Mountain of about 8 miles, 

and a length :from the Beal' Mountain stock to Tr'easure 

Mountain o:f about 10 miles. 

The displacement of the Animas :faults near Eureka 

amounts to about ljOOO or 1,500 feet, and their strike 
o 

has turned to N. 15 E. Near Eureka Mountain the dis-

placement on the north-south :fault that crosses the mouth 

of Eureka Gulch is taken up by a prominent series of 

northeasterly :faults that form a zone about 2 miles in 

width. The general e:ffect of this system is to :fault 

down a wedge-shaped block that narrows northeastward 

between the Cinnamon and Rainbow faults to a width at less 

than a mile. The structure o:f this :fault zone :farther 

east, in the Lake City quadrangle, ' is complicated by 

relatively high masses of pre-Cambrian granite, but this 

structure is evidently foreign to the sunken block of 

the Silverton quadrangle and has merely complicated local 
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faulting where the two structures adjoin . Th1 
sunken wedge 01: the Trea.sure l •. ountain area therefore 

forms a northeasterly projeotion 01: the n sunk~n 

block, and is bounded on the northwest by the great 

Oinnamon fault and its southwest extension that pass 

into the fault and fissure syste of the Sunnyside 

mine, at the head of Eureka Gulch" Oross and Howe h ve 

pre.ented evidence to show that the northwestward 

striking Ross Basin fault is part of this fault system 

and takes up the greator part of the throw of the S~nyslde 

system. The Ross Basin fault drop the py~oxene aDde ite 

downward to the south at least 1,000 feet, s the base 

of the andesite is faulted below the level of Eureka 

C~lch &L~ Cement Cree . It Is not improbuble, however, 

that the throw IllUJ' exoee<i this .1'1 ure consider bIy. 

If t:t.e baee of the andGsite intain the uniform level 

ar.own in the s1).rrounding count.r3 the displacement would 

be ne rer 1,500 to 2,OCC feet . The ROBS Basin fault 

!ls · b ... en .t'~r.:t;d t o d of Gray Copper Culch with 

'ip:?9.r .... ntly "..lU~:t .:ini shed throw, 'Out we_ tward toward 

Rsd . ·::r'.l.'1tain th~ alto ation of the volcanic rocks 

mad8 rocogn!. tian 01: dif ieren t tort -eiona GC' difficult 

tb.at L the 811- erton folio Fhey ere not differentiated 

and tne fault line as L10t l.ndicated. There can be 

_ ... t ,,10 doutt, hon:3ver, i;hat the fa.ult extellds westward 

to the ned ' ountain lalley, where the displacement is 

t h'cn u.p ~ i &. series of lo:ctheasterly faults. 

Tlit} tau-Its systems of Ce ' 011t Creek anu tbe Red 

MOur:taiL Valley de.fwJ·lbe a bo - shaped cur've like those 
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of the Animas Valley but are convex to the west and 

limi t the e.ntire western margin of' the sunken block. 

The most striking evidence of the intensity and 

nature of faulting along this zone is shown by large 

blocks of the Potosi volcanic series (flows of latitic 

and rhyolitic composition succeeding the Silverton 

volcanic series) which have been down-faulted below 

the level of Mineral Creek above Chattanooga. The 

Silver Ledge mine is situated on the eastern fault 

bounding the sunken rhyolite bodies~ and as the 400-

foot level of this mine is in Potosi rhyolite it is 

evident from the normal position of the rhyolite on 

adjoining ridges that the displacement of this block 

must have exceeded 2~300 feet. This displacement does 

not, however~ represent the net effect of' the f'ault 

zone but merely the adjustment of fault blocks within 

the marginal zone. The net displacement must be some

what less than the displacement of the rhyolite block~ 

as otherwise rhyolite instead of' pyroxene andesite would 

be exposed east of the fault; but changes in thiokness 

of the different volcanio formations and uncertainty 

as to how deep the rhyolite extends balow the level of 

the mine workings make the extent of this displaoement 

likewise indeterminate. 

An approximation of the net displaoement south of 

this position along Mineral Creek may be obtained from 

the fact that the San Juan tuff is not exposed on the 

east side of the valley but on the west side extends 800 
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to ~,500 feet above the valley floor. As the lavas 

on the east side are ohiefly pyroxene andesites, re~ 

presenting the upper part of the Silverton series, 

the displacement must exceed 1,500 feet and probably 

is not less than 2,000 .feet. The difficulty of ob-

taining an exact measurement of displacement along 

Minera~ Greek is due partly to the fact that the Silver

ton lavas thin markedly toward the west and partly to 

the faot that intense a~teration along the fault zone 

prevented the mapping of individual members of the seri~s. 

However, when allowanoe is made for ohanges in t hickness 

of the formations, it seems likely that the net dis

placement ranges from 2,000 to 2,500 feet near t he Bear 

Mountain stock to 1,000 feet or less near the head of 

Mineral Oreek. Gr oss and Howe have called at t ention to 

evidence indioating the northeastward extension of the 

Mineral Greek fault zone through the Bed. Mountain zone of 

ore deposits to the head ot Ironton Park. The chimney

like are bodies of the National Belle, Yankee Girl, 

Robinson, Guston, and Paymaster mines are all alined along 

an altered fault zone of north-northeast trend, and about 

half a mile east of this. zone another lint of ohimney 

deposits extends through the St. Paul, Oongress, Hudson. 

and Genesee.Vanderbllt mines. The localization of 

chi mney deposits along these fault~lines is believed to 

have been controlled in part by cross fissures of east-west 

and northwest trend, such as those that limit the ends of 

the down thrown blocks of rhyolite. Thus t he entire margin 



of the area bounded by the Animas Valley above 

Silverton, Mineral Oreek, the Red Mountain Valley, 
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Ross Basin, and the Treasure lilountain region is marked 

by steep faults whose displacements indioate relative 

subsidence of the central block ranging from 1,000 feet 

or lesa to about 2,500 fe~t. 

Another line of monzonite or granite porphyry 

intruSions extends up Mineral Creek toward Red Mounta1n 

and several dikes and two larger stocks of an intrusive 

rock, termed qua~tz syenite porphyry by Cross, oocur 

in the Bed Mountain distriot. They ar$ muoh more alkalio 

than the normal monzonitic rocks farther south along 

Mineral Creek. Between Red Mountain and Ross Basin no 

intrusive rooks OOcur along the t'ault zone, or if any 

are present the bodies are too small to have been shown 

on the Silverton t'0110 map . Near Treasure mountain are 

numerous dikes and sheets of intrusive rhyolite ot' t'elaitic 

texture, many of which are displaced by fault systems of 

this area" but some larger dike like bodies are &lined 

parallel to the faults, suggesting that these intrusives 

were partly localized by fissuring but that the major 

fault displaoement took plaoea.t'ter intrusion. Except for 

4 miles between Ro~s Basin and Red !ountain, the border 

of the down-faulted block is thus charaote·rized by a 

marginal zone of intrusive bodies. 

Outward from the east, south, and west sides of this 

sunken block there is a marked deorease in thickness o£ 

the Silverton series; the most abrupt change in the 
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formations occurs nes,r the edge of the down ... f"aul ted 

block. It 1s therefore p08sible that at least these 

sides bf the structure were localized by the distti-

bution of the StIver-ton series, but as yet no faults 

of Silverton age have been recognized or differentiated 

from those of poat~Silverton age. In the oentral part 

02 the Silverton quadrangle there is 3,000 feet of the 

pyroxene andesite flows, and if we add to this the 

mor-mal thickness of Burn~ latite and Eureka rhyolite, 

nearby, the tota~ thickness of the series here must have 

reaohed 4 1 0QO to 5,000 feet,. wh~I·~as the maximum. thiakne$s 

of" the series on the west and south of the area olose to 

the marginal faults rarely exceeds 1,500 to 2,000 feet 

and decreases rapidly to a few hundred feet not many 

ndles distant. A part of this difference is acoounted 

for by the erosion that followed the Silverton epoch and 

preceded the eruption of the Potosi aeries, but the 

preservation of the series in the down-faulted bibooks shows 

that a broad depression occupied the oentral part of 

\ the Silverton quadrangle and that it was t'tlled with 

eruptive debris of the Silverton ~pooh. Though not 

essential to the structure this evidenoe suggest& that 

down warping of the area oaused by the extra heavy load 

ot' voloanic debris may have weakened the orust during the 

Silverton epooh; but the sunken block as it now exists re

tains t he approximate margins of this earlier basin only 

along the south and west sides. 
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FISSURING AND hUNERALIZATION 

A map showing important fissure veln.s in the. 

Silverton quadrangle indicates tha.t most of them do 

not parall.l the lnArginal faults of the sunken block 

but are distributed radially. somewhat like the spokes 

of a wheel about the hub. Many complex factors are 

invol ved' in the production e:t this radial fissuring, 

and our present knowledge of details in different 

parts of the quadrangle does not permit analysis of 

these factors for eaoh sector or the region. It is 

known~ however, that the great aOl1e of northeasterly 

fissuring and faulting in the Treasure Mountain region 

and the zone of northwesterly fissuring on the mountain 

ridges west of the Red Mountain Valley are in part re

lated to a regional structural pattern that involves 

adjoining oente r s of igneous and dynamio aoti vi ty. 

Perhaps when all the facts are 1m own it may be found 

that the subsiding bloek of the Silve~ton quadrangl. is 

but one of many eonjunetlv$ elements of the struatursl 

pattern in the we tern San Juan region and that these 

seemingly independent centers are closely related both 

in time and origin . The description of the structural 

features about the su.nken bloak is made without implying 

that they were all de veloped b y forces origil1ating 801.e1y 

within the Silverton center. 

South of the sunken block a marginal zone 01: fissure 

veins 3 to 4 miles in width extends from the Bear and 



17 

Sultatn Mountain stock eastward through Galena Moun-

tain to and beyond Maggie Buloh. Most of thes~ veins 

strike nO!l:'thwest to north and belong to that group 

disposed radially about the sunken block. but ~ lesser 

number strike east to northeast, more or less parallel 

or oblique to the marginal faults. The ores are 

ehie:t'ly · tll$ base-metal sulphldes* trom which the moat 

valuable reoovered metal·s have been lead, sllver. and 

gold. There is a rough zonal distribution of th di£f. 

srent kinds of ore suggesting that t he igneous lntru· 

aions and the Animas fault were the principal agents 

oentroillng souroes and trunk channels by which the 

mineralizing solutions were fed into the open fissures 

in which ore bodies we):>e deposited. The most heaytily 

mineralized and lllOSt Dlass1 ve base-metal veins are those 

of the Arrastre Basin and Silver Lake mines and the 

veins of Ounningham Guloh , which lie about in the oenter 

Qf the runera11zed province south of the Animas fault. 

There are, however, eu:ftieient exoeptions to an idealized 

zonal arrangement to indicate that struoture has been 

locally more influential than the commonly aocepted tem

perature zone. in controlling distribution of the diff

erent ores. FUrthermore, it 1s apparent that the largest 

exposed body of quartz monzonite west of Silverton doee 

mot 11e above the souroe from whioh ore solutions 

emanated, but rather tha.t this body and the severa.l sm.aller 

bodies are only shallow manifestations of mo,re deeply 

buried bodies of molten rock that were rising along th4 
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marginal faults and thfLt remained partly mol.ten 

l.¢ng after the .$01i41flcat:ton and fracturing of in-

trusive rocks now exposed. 

On the north and northeast sides of the foundered 

block there are one or more areas that appear tG b. 

independ.ent of the one south and ea$t of Silverton, 

but with the possible e~Q'eption of certain looal ores 

the mineralogio chara.oteristios suggest that ther. 

was a Clommon ma.gmat1csouroe or at least that th. mag-

mas underlying this portion of the crust had certain 

common characteristios. This border zone includes the 

veins of the Treasure Mountain area, the Sunnyside group 

and those near poughke~psie Guloh and. Mineral Point. 

The radially-disposed veins of this group strike trom 
~ 0 

N. 20 E. to N. 60 E., and the veins parallel and 
o 

diagonal to the marginal faults strike from N. 50 w. 
to west. Here, as in the Animas Valley, the radially 

disposed fissures form the 1a:pger group numerioally, but 

all systems of fissures are mineralized.. The most prod

uot! ve veins now are those o£ Cal1fornia Mountain .. an¢ 

Sunnyside Basin; whioh :form part of the 1'ault system 

limiting the down-faulted bleak of the Treasure Mountain 

area. Past produotion has alao been made from many veins 

of Poughkeepsie Guloh and Mineral Point, of whioh the 

Old Lout was the most profitable. The vein systems ot 

the Sunnyside mine- a.1'. part o£ the great northeast and 

northwest fault systems that bord.tr the sunkenblook, 

and looal variations in strike and dip o:f the fault 
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fissures and intersections of these systems and other 

north-south faults have b&$n dominant ':f'actors in 

looalizing mineralization. Hulin has further shown that 

movements on these faults are largely pre.m1neral_ 

but that later movements during minerallza.tion have 

been I mportatlt fac t ors in reopening fissures and 

localiz1ng ore shoots .. Still later reopen~ng.s have 

resulted in dilution of ore by large bodies of relatively 

barren rhodonite. Movements on the fissure and fault 

systems of Arrastre Basin have likewise exerted im

portant control on the formation of ore s hoots, but the 

Surll1yside fissure systems dif:f'er somewhat from those of 

Arr astre Basin in that they lie close to and within the 

zone of marginal. faults of the sunken bl.ook. '!'he 

effeot of faults paralleling the margins of the down ... 

faulted blocks was a dominant factor in the 8unnyside 

area. In those parts of the Arrastre Basin area that 

are more distant rrom the marginal fatuts vertioal and 

horizontal movements on radial fault systems waFs more 

effeotive than movements on other systems, whioh Were 

relatively more inaotive at inoreasing distanoes from 

the edge of the sunken block,-

The WEH¥tern area of mineralization may be c,onveniently 

divided for purposesot description into two parts, One 

lies ohiefly along the marginal fal its and wi thin 

marginal areas of the sunken bloek, and the other com

prises the ra~lally fissured zones outside the sunken 

bloak, ocoupying western edge o:f the Sil.ve.,ton quadrangle 



and the eaate;ran part of the '].\ellur1de quadrangle. 

The first of these subd~vi$iGn8 6lttends from 

Ironton Park southward aloag the entire westarn 

border of the sunken block embraoing the area bound .... 

ad by Gray Copper, Cement, and Mineral Creeks, and 

aontains certain unique features. I1oweveB, the 

northern part of thls area is oharacterized by min

eral-ogie and stru.cturnl features indicating its relation

ship to the northeasterly veins of Poughkeepsie Gulch 

and thus the probable merging of: these areas. The 

distinguishing feature of the area is the oocurrenoe of 

stookllke ore bodies that are localized in part along 

the marginal faults of the sunken block. such as those ' 

o~ the Red Mountain mines, noted for their exceptionally 

rioh silver ores. Ne.arly the entire western border 

(i)f the su.."lken block over a width of several m11es is 

'bDoken by innumerable fissures that provided chtlUme).s 

for the escape' of volcanic va.pors a.nd solutions, whioh 

altered the Silverton volaanic rocks to an unusu.a.l de ... 

gree. This alteration has r~sulted from emanations 

earlier than those that depo~ited the valuable or. 

minerals, and because of its widespread nature it Offers 

little clue to the most favorabl y mineralized zones .. 

The localization of ore bodies in the western area 

1s dependent in large part upon structural .features pro ... 

duced ·by marginal and radial faulting Sll1d fissuring, 

but in addition the fissuring and therefore th. shape and 
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lo'cation of ore shoots ha.ve b6en modified by th. aotion 

o,r the voloanio emanations t hat preoeded. the deposition 

of or4h The important e.f.feet of these pre, ... ore vol ... 

aanic emanations become apparent from th~ nature of 
. 

the Hed Mountain ore bodies. These ore bodies ha.ve 

been variously called "stocks," masses,u or "ohimney 

deposits;" but Ransome says rogarding their shape, 

"~t 1s evident from the desoriptions ·ivan of the Red 

Mountain stocks that the term "chimney" applied to 

them is somewhat misleading. They are not simple ver-

tical pipos of ore extending from the surface to inde ... 

finite depths but are separate bodies of irregular, 

lenticu~ar, or spindle-shaped form, o:ften oompletely 

encloaed by COUlltry roelt, but linked with neighborIng 

stocks by fissures whioh are oftert small and whioh c a:rry 

little or not ore." 

Th$ origin ot t he spaces filled with ore , as 

suggested by Emmons and Ransome, is probably due in part 

to oomplex interseoting f'issul"e syste.lns that were at one 

time channels through which the earlier voloanle eman-

atiol1s escaped. The more produ.ctive ore bodies in the 

Red Mountain di.st:r::tct are grouped along linea or traG"', 

turing in a belt less thrul a mile wide and about 4 mil~s 
o 

long .. bearing about N.20 E. 

The mineralization of other areas near the west 

edge o£ the down ... fault.d block wassildlar in some re ... 

ap&cts to that of the Red Mountain district, but a.t ot~r 

plaoes 'simp16 fissuring a.nd fissure interseotions hav. 
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been more dominant factors 1n localizing ore shoots. 

The ml:nss ot' Anvil Mountain~ north and northwest of 

Silverton, are within similarly altered rocks, but 

the ore shoots of the Zuni and other mines depart some

what from the extreme etocklike forms of R&d Mountain. 

Furthermore, ore bodies nes!' Gla.daton~, at the head of 

Oe·mtmt Creek, partake of thE'> na.ture 0"£ ordinary f$.ssure 

deposits, and some, such as tt~ Gold King, contain Im

porta.ntahoots of gold ore. 

The region comprising the radially fissured aedi-

mentary and volcanic rocks west of the slmken block is 

by far the largest of the miDenali~ed areas surroundings 

that block. The extreme northeastern portion, between 

Red Mountain, Telluride, and 8neft'els, hEts been the most 

producti va region of the San Juan Mountains and inoludes 

suoh veins as the Camp Bird, Liberty Bell, Smuggler 

Union, Tomboy, Virginius" and othe r s, all of whioh have 

been mined to unusual ~ength and depth. This series of 

dikes, fisstU"e .$, a nd veins forms another ra.dial group .. 
o 0 

bear1l1g from. llf.40 W. to N.70 W., the main zone of whiQh 

i 'e 2 to 3 miles in width and has an aV6ll"e.g 6 COU1"S$ ot 
~ 

1\T.45 W. The zone has a length of about 6 miles a.long the 

strlke , from the ed,;!,e of the down ... faul ted block nea.r 

Red M01.1.ntain to the stony Mountain-Mount Sne:tfels stock. 

This outlying stokc of gabbro~d1nrite forms a center of 

igneou$ activity seemingly independent of the intrusiVe$ 

of the SilverteD center, but &l1destiQ d.ikes radiate 
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Thoee extending southeastward oan be followed oon-

tinuou.ly from stony Mountain to the ridges adjaoent 

to the R~d Mountain Valley ana appear to indioate 

intrusion simultaneous with the central aotivity Q~ 

the SilvG:r?ton region. The "trength and oontinuity 

of the fissures throughout this dlstanee also suggest 
( 

that this out1y1ng igneou.s oenter had an importanl1 

eontrol upon theconneeting structural reatures. 

The veina nearest tio the sunken blook of the Silverton 

quadrangle consist chiefly of ba8e~metal ores in a 

gangue of quartz., with some rhodonite and rhodoohrosite. 

Nearly all the veins show many stages of reopening of 

the fissures, with dep sit10n of several distinotive 

t ypes of vein filling . The prin~ipal gold-producing 

vein of this group, the Camp Bird, contains base-metal 

ore, followed i n order by mixed carbonate vein filling, 

flu<>rite; gold in quartz, adul8.r1a~ and carbonates; 

late barren quart~; and oalcite. This vein strikes 
~ 0 

,about N.80 w.# dtagonally across t h e N.45 W. veins, 

most of Which were not affected by the rich gold mineral

iz tion oharaoteristic of the Oamp Bird shoots . The 

Barstow vein, however, on the mountain slopes adjacent 
o 

to the Red Mountain Talley, belongs to the N.45 W. 

group Plnd he.s been productive of both gold s.nd silver 

from base.metal ore~ The ~omboy vein, likewise in t his 
, ' . 

group" was eo large prodl,loer of free gold ore. VeinS 
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farther northwest, sueh as he Virgin1us, Montana. 

and Smuggler, contain ohiefly mixed Ita.<h"silver or 

gold ores, and those most distant. suoh as the 

Liberty Bell, are of very low sulphid:e oontent and 

co~only produced silver in excess of gold. The 

complex1 ty of the veins tends to mask any marked zonal 

bel ts 0·1' ore depo,l tion, excepting at the southeast 

end of the belt where the heavy base.metal ores are 

clearly deve~oped to their strongest degree. The 

Liberj}"y Bell oonstitutes at least on$ individual veln 

in which the base~metal content or the ore definitely 

increased toward the east. The Stony Mountain stock, 

like the large stook near Silverton, appears to hav. 

pls.yed but little part in the distribution of m.etals" 

as t he veins of thi.s region oonte.1n ohiefly sil var ores 

with a late stage of finely divided sulphides and a 

lit t l.e tree gold in qua.rtz, more like the distant 

i'acies 01' ore depoaltion in the southern area of the 

Silverton Quadrangle. Thue the. oonditions in this area 

likewise suggest that the eourees 0'£ the ore-d.$positlng 

solutt.ons were chiefly very deep reservoirs of crystal, ... 

lizing magma.# probablycoDcentrated mainly nearer the 

marginal faults of the sunken block, but extending to-

ward the outlying satellitlc bodies. 

Much le •• is known a.bout the fissure syste and 

distribution of different 1'aoi&$ of mineral13ation in 

the region west of :MIneral Oreek and south of this north

westerly group of velna. In the districts jU$t 80uth of 
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T$llurlde, on Silver Mountain ruld adjaoent ridges, the 

veins show unmistaka.ble ndn$ra.lQg10 at'fil'li ties to the 

veins just desoribed, but the dominant direction of 

fissuring in the eanyons south of Telluride is more 

nearly due east. Th$ dominant directions of fissuring 

in the Telluride quadrangle are indioated by a few 

veins, the strikes. of whioh were reoor<ied by purington 

on the Telluride folio map. Purington enume r ates three, 

systems in the , eastern part of the quadrangle-namely 
Q Q 0 0 ~ 

I~ .87 W., N.53 ... 63 E., and 1'1 .25 -51 fi e He states, that 

the ea.st-west and northea st systems are best developed 

in the central and southeastElrn pOI·tiona of the quad-

rangle , and that the northwesterly veins are best exempli. 

fied in the northea.stern portion, which has just bet..'n 

described. The dominant eaat ... weat system in the Ophir 

Valley region Gontinu~s 8 miles or more west of Ophir to 

the intrusive oenters of the Mount Wilson grouPI holding 

thts strike with remarkable cons istenoy . South of this 

on the ridge north of Ice Lake Basin and terminating in 

. • 8. Grant Peak, to the north l zones of mineralization 

have a northeasterly direction. 

~lroughout this region the s~dimentary rocks under-

lying the volcanio formations are a much more important 

!'actor in structure and ore deposition, and net fa):' west 

of Ophir they beoome the dorllnant surfaoe rocks. B&oause 

or laoked ot detailed data on different phases of mineral

ization it does not seem ad~~aable to attempt a. review' of 

the veins and ores of this region. 
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Purington'a conclusions regarding the origin o-r thie 

fissuring in the eastern part of the Telluride quad

gangle, however, are significant. He states, 

tfIt has been siad that the fissuring is of dy

namiC origin; also that the joints penetrate a.ll rocks 

and oonsequently are la.ter than any in the dlstri-ct. 

It Oallnot from present evidenoe be asserted, however, 

that oertain o~ the fissures may not be earlier. than 

the latest volcanio i'lows and diorite stocks. By far 

the major pa.rt are of reoent origin . From all observed 

phenomena it seems probable that the fissuring was made 

by .force s ~cting at time intervals not far l:,emo,\"'ed from 

one another. Since the fissuring is la.te:: the..n all th~ 

rocks 01' the qua.drangle, volcanic disturbances whose pro"" 

duct is now visible cannot be cited t o account for it, 

but it is entirely possible tbat later disturbances ot 

voloanio na.ture ;. which did not re8111 t in 5u.rfaoe .flows ot 

lava, hav-e produoed a s t raining to the point of rupture 

in the tract under oonsideration. It is tho~ght, with 

great reason, that in the area direotly east and north. 

east of the Telluride quadrangle there are oenter s and 

necks o:f voloanio eruption. Su oh evideno e as has been 

aolleoted in the present investigation points to thos. 

quarters as the source from which presure CalD.e .. " 
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HISTORY 

The earliest rook e of which there is any record 

in the San Juan reBion are the orystalline sohists 

and gneisses that form the walls of the canyon of the 

Animas River in the Engineer Mountain, Needle Moun~ 

talns, and Silverton quadrangles. 

Th.se schists and gneisses are intruded by th. 

Twilight granite, a l~rge batholith now exposed in 

tb,~ est Needle M.ountains, \"lhloh oulmln te in Twilight 

Peak. These extensive intrusions of granitio m.ag-

m.e.s w..,re probably acoompanied by mountain building and 

were certainly followed by a long period of erosione., 

whioh must ha.ve been aooom.panied by depo$ltion, but 

of the resulting rocks almost none now remain. 'f~ 

acoumulation of sediments was aooom~anied or followed 

by the $eoond great episode of igneous activity in tIllS 

region. 'l'h~ injeotion of basia igneoUs me.gllla~d the 

accompanying metronorphlsm produced a oomplioated serHts 

of schists and greenstones to which the name Irving 

gr anatone has been appli d. Associated with these schiats 

and greenstolles are a few bands of quartt.i te, in part 

mashed and $chi8tO$e~ Y/hOS6 ~truoture.l relations and 
. origin are obsoure. The Qrusta.l movement. elevated t~ 

region sufficiently to permit its widespread degradation, 

and thus an episode of crustal movement, mountain build. 

ing" and. Bub$equent erosion brought to an end the seoond 

of the thre~ pre-Crumbr1an epochs. 

The detritus resulting from long-oontinued erosion 
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in the interval suoceeding the metamorphism of the 

Irving greenstone supplied the materials for the next 

younger series of sediments. As erosion progressed. 

finer materials. were deposited, and sedimentation con· 

tinued without interruption for a very long period. 

The thiok series of quartzites and schists thus formed 

is known as the Uncompahgre formation and is the most 

widely distributed of all the pre-Cambrian terranes. 

The metamorphism of the Uncompahgre quartzites 

and sohists was followed by the intrusion of many granitic 

batholiths with numerous dIkes and apophyses. This 

igneous aotivity was accompanied or f&m~owed by great 

orogeniC movements that defor.med and uplifted the entire 

San Juan region. Thus was started a long period of 

erosion which marked thetransition from pre-Oambrian 

to Paleozoio time and ended the third o~ the pre-Cambrian 

epochs. Gradually the entire southwestern part of 001 .. 

orado was reduced well toward base-level, and a peneplain 

of: alMost Qontinental proportions was developed.. In the 

beveling prooess each of: the pre-Cambrian rocks waS ex

posed &n one place or another at the surfaceof the nearly 

level plain and in positions suggestive of the v1oi8s1~ 

tudes throughllhich it had passed. 

Very little is known conoerning t he early Paleozoio 

history of the San Juan region . In all probability 

during much of Cambrian, OrdOviCian, and Silurian tlm$ 

it was part of a large land area. The extensive denudation 

that marks the transition from pre-Cambrian to Paleozoio 

tlme dAv€'Il(")nen A ~l,,..f'~~A nf' A1., !'lint 1"6"11ef hef'ore the end 

, , 
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of the Cambrian period. The l.ower 1~ndulation8 0'£ 

this surface were for a time cGvered by ocean waters. 

The rocks next younger carry fossil fishes re .. 

garded as of Uppel' Devonian age and indicate that at 

t his time there was a widespread submergence of the 

entire San Juan region. The strata of the Elbert forma

tion, the earliest deposits then laid down, oonsist of 

impure limestone or limy sandstone and Shale; t nese are 

overlain by the richly fossili£erous marine limestone 

that forms the basal part of the Ouray limestone. 

The Mississippian epooh began at a time when the 

entire San Juan region was a shallow sea. After 300 or 

400 feet of limestone had been deposited, most of the 

land rose a little above sea level, apparently without 

folding in this viCinity. 

• f 

The beds of th Molas formation z'epresent the be ... 

ginning of a long period of marine sedimentationwh'!h oon

tinued through all of Pennsylvanian time and into Permian 

time~ This change from marine to continental sedimenta

tion, begun during the deposition of the Rico formation, 

was oompleted in Permian time, as the Outler formation 

is a ~ost entire17 a continental accumulation. 

The Cutler is the youngest of the known Paleozoic 

formations in the San Juan region. In the southwestern 

part of the region Upper Triassic bed~ rest upon the 

Cutler without an obvious strat1graphic break. North oE 

Ourq, howe,ver, there is a striking unconformity which 
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indicates that during the transition from Paleozoic to 

Mesozoio time crustal movement flexed the Paleozoic 

strata and occasioned considerable erosion in a small 

part ot the region. 

The Mesozoic era in the San Juan region was • 

time of prolonged accumulation of sedimentary rooks. 

strata aggregating approximately 9.000 feet in thickness 

were laid down over most, if not all, of the region. 

«}the San Juan r4lgion at the beginning of the Me·eozoic 

era may be pi()tured as a.n area of extr·,emely slight relief, 

situated very olose to Bea level. 

In the later part of the Triassic period, and possibly 

8 4 tending into t he Jurassic period, the Dolores for-
o 0 

'matton was deposited over all the western half of the San 

Juan 1'e gl or • 

The aooumulation of the Dolores sediments was ter-

r~nated by an episode of crusta~ deformation, far greater 

than ~ previous orumpling of the earth's orust which had 

ocourred in this locality s~noe the beginning of Cambrian 

sedimentation. Apparently all of the San Juan region east 

of' line approximating rather closely the east border ot 

the Ignaoio, N~edle Mountains, Silverton, and Montrose 

quadrangles wa~ greatly elevated and compressed into a 

series of strongly developed folds, oomplioated here and 

there by :faults. 

The oorrugated uplands o:f the eastern San Juan 

regIon, developed by this deformation, were immediately 

attacked by the rejuvenated streams of the disturbed 
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locali ties and by the l .ater part or the Jurassic 

period were reduced approximately to bass-level. 

Throughout this time the reoently aocumulated sedi

ments in the western half of the San ~uan region had 

remained pracfJioally unaf.feeted either by de.formation or 

by e1"o$10n. Hence When sedimentation was r~new.d 

throughout t he region by the necw strata were there de ... 

posited in nea~ly perfect conrormity to the old. 

East or the above-mentioned line, however, where crustal 

deformation had bean succeeded by profound erosion, 

they overlapped the qubndam l and mass; consequently its 

beds transgress the upturned edge s or all Paleozoio for ... 

matlons and over large areas rest upon the pre-Cambrian 

complex: itself. 

~hen the Cretaoeous marine sedimentation ceased 

the San Juan region was an almost plane area approximately 

at sea level. The uppe~ 6,000 or 8,000 reet of the 

earth's c rust in this entire region was formed of the re

oently accumulated beds . In the eaetern hali' and possibly 

in the central part of the region this terran rested upon 

the peneplaned surface of the pre .. aSl11brian compl.x. In 

the \Vestern halt' of' the region, however, the thick for".. 

matioDs of Paleozoic and earliest Mesozoic age intervened. 

Only in the zone of tranSition betveen the east and west 

halves of the ars.a were the older sedimentary rocks up

tilted. From condi tions such as these the modern San 

Juan Mountains were to be constructed during the Tertiary 

and Quaternary periods. 
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The first step in this constructive process wa. 

the regional uplift and domal deformation of the entire 

San Juan province . Gradu~lly the epe~ogenl0 uplift 

changed to a more localized and intensified orographic 

movement. A huge dome, 70 or 80 miles in length Erom 

east to west and 30 to 40 miles in width from north to 

south, was arohed. The apex of this dome must have 

been not far from the s-w corner of the 811 Vet-ton 

quadrangle . This differential movement must have amount 

ed to at least 10,000 teet, so that the summit of the 

dome would have been that muoh higher than the surrolUld ... 

lngt plain had not oontemporaneous erosion partly 

neutralized the effects or deformation. In consequenoe 

of the mOV6rn.eIlt the Paleozoic and Mesozoio str ta, so . 

far as now known, dip outward at angles approximating 

the slope of the flanks of the dome . Thus in the Ignacio 

quadrangle· the regional dip is toward the south .. in the 

Telluride and Rico qUo.dl"angles toward the 'Vrest, in the 

Montrose quadrangle toward the north. 

This first Warping o£ the San Juan dome ras the ex

pression in this locality of the widespread orographic 

movements. which in the Rocky Mountain l'dglon represent 

the Laramide rovolution . Obvously erosion would begin 

as soon as there was any appreciable di£ference in 

altitude between the oenter of the San Juan region and 

its periphery. Streams rising near the sntrul1..1t ot the 

dome would radiate toward its margins . At their heads 

these streat£ls would form canyons, whose dep th would be 
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determined by the amount of domal uplift. In their 

lower courses the same streams would tend to de

posi t the materials obtaineo. from the canyons. tt 
Early in this stage of crustal flexing and con

comitant erosion there occurred the first o£ the 

repeated voloanio outbursts whioh characteriz~ the 

Tertiary history o£ the San Juan region. 

Singularly enough, the next recorded event in the 

history ot the San Juan Mountains was a glacial epi

sode, but between the volcanic outbUrsts and thi .s glacia

tion there was a long interval, during whioh erosion 

must have gnawed deeply into the newborn San Juan dome. 

The entire sedimentary veneer, 6,000 to 10,000 feet in 

t hickness, was in places stripped from the sur£ace ot 

the pre-Cambrian oomplex a.t and near the oenter of the 

dome. Inevitably this process involved the oarving 

and sQulpturing ot mountains, oharaoterized by lofty 

peaks and deep-etched oanyons. 

Erosion had suoceeded, in the interval subsequent 

to that voloanio outburst, in laying bare considerable 

masses of intrusiue porphyry, which presumably filled 

the oonduits t hrough which t he molten magma had appro

aohed the surface. How muoh time was involved by all 

this denudation can not now be estimated. It would seem, 

however, that the conditions thus sketched were achieved 

before the enpd of Eocene time. 

Then oame a change in climatio conditions of such 

import that glaciers of no mean size formed among these 

mountains. 
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T~ glacia.tion of the early Tertiary San Juan 

Mountains seems to ha.ve peen an incident in the midst 

of a long interval of erosion. Assisted by the ioe the 

streams in these anoestral mountains succeeded after a 

time in reduoing them to comparatively low altitudes. 

The western part of the region was reduced to a sur~ 

face of slight relief, to which the name Telluride 

peneplain has been applied. Slight down-warping of por

tions of the peneplain in the area now oocupied by th. 

western summits of the San Juan Mountains and th. 

neighboring. !l1ount Wilson group may have developed 

sharply defined basins 0 .[ alluvi$.tion. ~e depoei ts 

laid down in these basins are o£ the bolson type, and 

form the Telluride conglomerate. 

The long interval of gradation that produoed the 

Telluride conglomerate was followed by a short epi

sode ot violent voloanio act1vity. From one or more 

vents near the center of the Uncompahgre quadrangle 

$xtensi ve lav.a flows and a considerable mass ot vol

canic debr1s were ejected. The eruptive rocks thu:s 

formed have been named the Lake Fork breccia. Shortly 

thereafter other volcanic venta became active at 

localities not now definitely known. From them a 

tremendous quantity of detr~tus WQS spread broadcast 

over the whole northwest quarter of the San Juan pro-, 

vince
l 

making up the formation that has generally been 

Qalled the San Juan tuff, the vast bulk of which was 

transported only a short di tanos from its source. 
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Erosion during the interval that followed the 

acoumulation of the San Juan tuff left great oliffs over

looking deep valleys at several localities in the 

Silverton, Montrose, and Uncompahgre quadrangles. At 

a few places the streams cut channels even below the 

level of the Telluride peneplain. But bfore they had 

made much headway in the task or removing the great mass 

of San Juan and Lake Fork debris volcanic outbursts were 

renewed in the eruptions that constructed the w,ell .. defined 

Silverton volcanie series. Great quantities of lava were 

~oured out from n~rous vents to ~ill the hollows in the 

,surface ot the land and spread in great sheets over the 

San Juan tui't. The eruptions warafor the most part 

confined to the neighborhood of the Silverton, San Oris. 

tobal. and Uncompahgre quadrangles. Some of the many 

lava flows welled quietly out from long fissures, but 

part of the Silverton series was the result of explo

sive Qutburts, and in plaoes voloanic oones were built. 

The series ltsel:f oonsists of half a dozen formations 

representing suocessive eruptive stages, separated by 

short inter-vale orquiescenoe during whioh erosion held 

slIay. 

As the voloanic energy of the Silverton epooh abated, 

the ... r-ready agents of erosion once more began to dom

inate. Th$ Silverton voloanio plateau was extensively 

eroded. Then oame another long epooh of extremely violent 

volcanio aotivity. The numerous formations that have 

beon reoognized as a product of this outburst are 
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grouped together into the Pot·osi voloanic series. The 

whole series 1s extremely eOI'D:plex and embraces many 

varieties of roeks, from water.laid pyroolast10 de

pos1ts to vast lava flows. Tho variety of magma. 

represented was very great but is, of course, not -o£' 

primary int$r$st to the physiographer. 

S.tween Buccesaiva outbursts of lava or explosive 

eruptions of whatever sort. there we~e numerous short 

intervals of oomparative quiet, during whioh 6%'810n 

modifie'd the topography 1n places to such an .extent 

that the suooess1 ve forma tiona of the Potosi series dis-

play numerous unoonformities and overlaps. In spite 

of this interference orrered by the streams to th. 

construoti ve work of the voloanio foroes, the net re-

sult of the Potosi epooh was a huge volcanic plateau, 

whioh in places was several thousand feet in height. 

Into this plateau numerous bodies, large and small, 

of intrusive roeks, generally porphyritic, were in

jeoted at diff'.erent times. In places lacoo1.1 thic maSS$S 

raised the plateau surface by a few hundred teet. 

Elseqhere great :fissures were till.ad to beoome dikes. 

some of which are in systems radiating from a volcanic 

pipe. 

The exact extent of 'th"J! Potosi volcanic plateau is 

not known. Undoubtedly in plaoes, especially near its 

former margins, its m.aterials have been entirely re"" 

moved by erosion. It is certain, however, thatpraCiJ-

tloally allof the area inoluded within the Ouray, 
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S1~verton, and Needle Mountains quadrangles and 

the entire San Juan Oountry farther east wa.s 

buried by t his voloanio pile, whiQh overlapped the 

surrounding region, especially on the south and west, 

for many miles. There is good reaeon for believing 

that the aocumulation of thle great mass of ejecta 

upon the surface was accompanied by a compensating 

depression of its buried floor. The surf'ace beneath, 

the Tertiary voloanio rooks in the San Juan Mountains 

is at the present time a great saueer tipped downward 

toward the east. 

From the volcanic plateau, whioh nad been pro

gressively constructed by the long series of Tertiary 

volcanio eruptions, there was oarved a great mountain 

range. Inasmuch as the Potosi series is ot' Miocene 

age, it seems probable that this generation of moun

tains was developed du.ring PlioQene timet but it will be 

safer to refer to them in a more general way as th~ 

late Tertiary San Juan M6Hntains. 

It may have been at about this time that the great 

lacoolithic intrusions which in the last analys1. 1'1'0-

duoed the Rioo and. La Plata Mountains, en the west and 

southwest flanks of the San Juan group, took place, 

Some time in the Pliooene epoch there was developed in 

the San Juan provinee 9. graded surface of low relief, 

which is now near the su.rnrnit of the mountains. f"O this 

summit peneplain we have applied the name San Juan 

peneplain, 
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This surface was the inevitable produot of the 

long interval of comparat1vely uninterrupted erosion . 

For the most part it was about as level a plain as oould 

be out by running water. Above it" however there stood 

many monadnooks which rose a few hundred feet, or even 

as muoh as 2,000 feet, above the general level. 

The. gradual prooess of stream erosion, coupled 

with the spreading of fine gravel overportions of the 

graded surface of the San Juan peneplain, was terminated 

by the renewal of crustal warping. The great San Juan 

dome wa.s once more affea ted by stresses that warped the 

surfaoe in much the same manner as the earlier doma.l 

l:llOvements. Vertioal uplift Dear the oenter of the dome 

raised that portion of the land 2,000 or 3,000 feet 

above the periphor al zona, and at the same time the entire 

southwestern part of the United states soems to have 

undergone an uplift runountlng to several thousand feet . 

In t he absence of definite information it seems best to 

consider that this deformation of the San Juan peneplain 

marks the transition between 1'4rtiary and Q,uaternary 

time. It wasappe.rentlysccompan1ed b y still another vol

eanlcepi$ode, the la.st of great signlf'ioe.noe in San 

Juan history. To the lavas and eruptive debris of this 

epoch the nrone Hinsdale volcanic seriee ha.s been ~pplied 

by Oross. 
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S ARY OF ORIGIN OF REGIONAL 
GEOLOGI C STRUOTURE 

40 

Th regional rracture patt~rn 1 primarily the 

re ult of uplift. Thi is evident from the f ot that 

repeated reopenings over large vertical and horizontal 

distances took pI ce in many veins distributed through-

out the area. The general la~k of shoots or OQcurrence 

indloatea strong intra-mineral movements; repetitions of 

movements or lkie kind h lnrike the difrerent 

stages of mineralization any fiasura.s as 

in the Camp Bird vein. of the luinersl-

ization is indicative or open fissure £illing, and the 00-

extensi va nature of' the severB.:l stages is 

indicative of dynamic ore control. point to 

repeated uplift throughout the perioo of mineralization. 

In Arra tra Basin dikes 

cribed as being similar in appearanoe and mineralogical 

eh racter. 

The Tl'e8.sure fountaIn Graben perhaps indioates an elong-

ation of the domal uplif't to the northeast,. account1ng for 

the prominence or the 1'1 suring in this direotiGll. The 10-

!'luence of th Stony Mountain Cente:r seems largely r spon-

sible for the concentra.tion or .fisslilring in northwesterly 

dir etlon from the sunken block or the SIlverton Denter. 

Fi ve epochs of' lnine alizatioll ar to be noted in th 

San Juan Mountains. Of' these. two (Pre-Cambrian v ins and 

late ocene placers) have shown no production. Jurassio 
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sedimentary deposits and eoaene veins have shown some 

production; but only the conditions related to the 

Middle to late tertiary mineralization are oonsidered in 

this paper. 

Burbank indicates that se1:smic methods may find 

applications her in aiding in the determination of. 

geologic structure. Another future possibility might 

be the application and correlation of radioaotivity 

logging or ele-ctrical logging in deep drill holes through

out the area. 
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II 

ORIGHT OF THE REGlmJU STRUCTURE 

There can be little doubt of the existence o:f 

the oentral sunken block in the Silverton area.. 

The displacenents along its marginal faults as deter,-

mined by Burbank are of too great a mugnitude to be 

ignored. Atwood and Mather (3) in acoompanying 

geologic seotion A .. Af show large erosional oliffs over., 

hBllging the Animas Hi vel' but indicate no faults. 

Owing to the wide areB. oovered! by the work of Atwood 

and Mather and the abundant erosional debris and alter-

atioD in the Animas Valley, this phase of their work 

will be dis counted. In the following paragraphs , the 

validi t y of the more detailed field work of BurbG~k '~11 

be assumed. 

Burbank (1 pg174 ) points out the inaocuraoies inh~r. 

ent in generalizations made ooneerrdng a region as large 

as this, but 5eemB to feel that the remarkable syrmnetry 

and relations between vario B stMlctural features offer 

l~eliable evidence tha.t the regional strl..'..cture resulted 

.from "some comparatively slmple and systematic t'a11uI'e or the 

orust
tf

• He points out fUrther that "the f'orces produoing 

this struoture were proba.bly generated by the upthrustIng 

of 19neo'B bodies and by ernvitative adjustments that :follow ... 

ed their upw8.:rdsurge." 

The fissure systems of most parts of the region are 

kuovm in a. general way, and for- several emaIl parts of it 
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they are known in detall. A glance at the ocoompanying 

map (Plate IV} on hieh avn.ilabledata has been plotted 

will reveal a r10table lack of .fissures in several areas. 

It is agreed by all authorities that this lack is du& 

mainly to insufficient data. This is particularly true 

of the western bor~er of the sunken blook and the area 

west of the sunken blook; the east and central part.s of 

the .centre.l sunken area are not, however, strongly fissured. 

• Th~ effect of the st ructure of the underlying pre-

cambrian end pre-tertiary rocks on .t he visible regional 

struoture and fissure syste:m has not r eceived a great deal 

of a.ttention. Thi s is mai nly beCB. 1Se of insufficient know

ledge of the structu::oul details of these rocks. Burbank (1 Pg 

156 ) has pointed Olit that further studies are necessary in 

this regard. V.O. Kelley (2 pg364) has shown that the 

Dunmore Vein is partly pre ... tertiary in age ·. It would appear, 

from geologic section B ... B', to have been positioned by 

e. prominent fold in t he pre.oambrian rocks. Kelley further 

pOints out that it has aoted as a feeder ohannel for many 

of the shallower and later local veins in the voloanios. 

rrhis may perhaps be l nd1eati va of a wid.espread but hitherto 

unrecognized, and as yet mainly concealed, regional oon

dH;lon. 

Burbank (1 pg2l3) suggests the possible application of 

geophysical methods in supplementing geologie data. l~rther 

infommation could perhaps be gained from deeper mine work. 

ings and drill holes. 

Burbank (1 pg175) goes on to say that inward projection 
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of the principal radial fraoture systems results in 

their "focal aonoentration tt near the center of the 

SilvGrt,:m qu adrangle, suggesting their origin in som. 

oommon ~oroe. D_kes i~ many of the radial fissures are 

older than the raul ts resulting from subsidence ot the 

central bl ock , whi ch offset them. Many of t he dikes in 

t he areas 1l1a.pped in datail (southern and or+hwestern 

areas) are ~eported to ocoupy simple tensional fissu res 

wh· ell show little or DO fau.l ting prior to the dike in

jections. not all intrusions preaseded the subsidenoe o£ 

the central block, but a su f.ficient nUl!lber of thGm did to 

indicate that the major structural pattern Was in exist

ence before subsidenc e . 

The Por.mation of radial fractures distributed through 

such a large volume o:f the crust could ha.rdly have been 

t'ormed by suhside .08 of the oentral bloc.k alone without 

the stresses c8'using i.t producing marked oru.shing and shear ... 

ng of the centpal block itself. As stated previously, 

only the western msrgin of the eentr~l block is strongly 

tissur1ed . iSBer (4) in a talk before the S.F. Section AlME 

ent further to sta te that "Collapse never fOl"ms radial 

fissures, as easily per.formad experlments show. Dollapee 

ne er pro llce any kind of fissure, for egruents ot the 

c.rust oollapse to rill G. void below." Elsewhere he noted 

that vGins filling rractures formed by crustal collapse 

might be expected to fill openings oaused by abrupt chL~es 

in strike or. dip, but wOl' .. ld hardly be expected to fill them 

ov~r lone dist~nces. The ore body in the Tomboy vein was 
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FIG. I. EKPERI,.,ENT. 

IIFTCR T. A. LIN/<. 
Layers of artificial 
sediments, mainly soft, 
but with brittle layers, 
were intruded by a ri g id 
plaster of paris c y lin
der, with a flat top. 
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Figure 2. Silver Lake vein system. 
A. Relation of Silver Lake and other dikes before displacement. 
B. Relation of Silvcr Lake vein system to displacement of the dik{'s, 
C. Axes of tension and compression and dil'ection of maximum !;Qcaring ~tress (~h) in a body sub-

jected to pure sheal'. , 
D. Interpretation of stresses and resulting fractures near Silver {jake vein: c, regional compressive 

stres~: sh, shearing stress: a,s' . shear fractures: t, tension fracture. 
E. Interpretation of regiortal stresses in hanging wall of Silver Itake dike: 8,S' , soear fractures; c, 

regional compression . l 
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almost continuous tor 2000 f'est, that in the Carap Bird 

for 1200 feet. The long hoots' were identical with th. 

lode itself, dis-appearing only Vlhere the lode pinched. 

The foregoing evidence seems to oonolusively sh ow 

that stresses re 'suJ. ting from subsidence of the central 

sunken block werE) not r esponsible for the .formation o:f 

the earlier fractures. Burbank (1 pg176 ) conoludes by 

saying "If the s t resses were chiefly vertioal, and the 

maximuxt1 force were applied near the center of the 8il ver-

ton q1).adra.'1g1e, radia.l fissu!'ing might readily result from 

tensional strest83 "eveloped by bulging of the 8a.rth 's crust." 

Fig 1, showin£ resuJts of a~ experiment described bl 

T.A. Link, illustrates t he fracture patte~ resulting from 

a. simple uplift.. Similarity between this experimental re

sult and the Silverton quadrangle fraoture system (Plate IV) 

is at once apparent. The si1l11.la.rity beoomes more marked 

upon realization thatraany more conoentrio t'raotures and 

dikes undoubtedly exist t ilan are sh own on Plate III. Of 

those shown. Burbank (1 pg1'77) reports tha.t one 4 1/2 

miles NW ot the margin. of the oentral blook has been traced 

for over 4 mil s, dips SE (toward the centr. l block) and 

shows clear evidenoe of at least 4- tensional openings , 

tfeaoh ?penlng acoompanied by forceful injeotion of igneous 

or elastic material bef.ore deposition of vein matter." lfl) 

also reports that sevel'al in the BE area extend f ·or 4 or 5 

miles, dip to the l10rth (toward the oentral block), and. 

oontain ign,$O'U8 dikes. Several wide fraotures in th. Ioe 
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Lake Basin area west of Silverton (ne,ar the Golden 

Horn" plate IV) whiGlh approximatel.y parallel the 

western margin or tl-... e sunken blook areknwwn to exist. 

The similarity of the 90neentrie. dike pattern to 

t he "Cone Sheets" of western Scotland (5 pg 24) has 

been m~ntioned by several autho~ities. Burbal1k (1 pg 177) 

wlrll~ admitting a possible sumilar origin, notes that in 

Silver ton the radia.l dikes are dominant while in westeJm 

Sootland they are subordinate . As a possible explanation 

for thts and in considera.tion of the larg e area of in. 

fluence, he suggests a very deep seated source of the 

forces invol'v"ed i n the deformation and the great depth o'f 

t he central i gneo1J.s b :Jdy involved. Another comparison 

dr&W11 bet;'VElen we.etern Sootland anc. Silverton is wi th re-

gerd to t ... e affi"lular distribution of the i gneous intrusives 

about the c,€mtral block. Burbank (1 pg 178-9) infers :from 

the distribution of ore deposits and other videnoes of 

hydrothermal activity with relation to the margin of th. 

sunlcen block tha.t !thad ero~io11 penetrated dee e1" in the 

Silv~rton quadrangle, i gneous bodies that aLmost oompletely 

encirc.led the su.nken block would have been exposed.;t· It is 

noted, however, that the opposite dipping separate, indep.ndent, 

and subsequent" ring dike"fraeture-s are not found re.la:ted to 

the "cone sheet ll fractures in th~ Silvert n Area. 

Burba'!'c oi'fars eV:ldenoe based on a study in Arrastrt 

Basin (see fig 2) of the modification and va-opening' ot earl. 

leI' tension i'i"actu:!:oes by outward th~usti!le tL.""ld shearing 1'01"0&$ 
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set-up by subsidence of the central block. 

Some of the c ~moentrio dikes are reported to 11m! t 

or deflect the r udial fractures . The greater conoentrations 

ot' fi s sures are found on the sunken block or inward side 

of' the outlying concentric dikes . From Fig 1,. this would 

be expected of a siKple uplift. 

Moehlman (6) ha.s indioated tha.t the faults at the 

west side of t...'<le sunken block are clearly the result of 

tensio!1al stresses. Unclel" microscopic examination he 

found less than 10; pulverized rock in tl"le shattered zone.a, 

indicating but little grinding action . 
} k.)o to +h '4 Severa j feat, res wpFeja pf note are the previously 

mention~d presence of Ii graben extending NB from the sunk-

en block in t he vioinity of Treasu.re Mountain, and t he NW 
9r-.b-c.tI i s 

trending nSnef'.t'els Sag. " The major Treasure Mountafil AnlUoh 

more strongly developed (see Plate V) than the tt Sne.ff~ls 

Sag tl whioh trends about at right angles to it and which tU ! 

nllt l::kmi: .t§.f p~llitA'u :tN. parallels -the axial line of the 

N'vll vein and dike swa.rm. 

Figu.res 5 and 7 illustrate the formatlon of graben 

v.nder the aotion or the vertioal forces which produce domal 

or anticlinal structures~ and :figure 6 s hews several field 

examples of this . Wisser off'ered the sugge stion that the 

t heory of the origin of the Rhine Uplift and Graben 17) 

(see f ig 6 ) might find application h~re . This theory is 

essentially similar to th~ ideas of Burbaru previously given 

with the 1111porta.nt exception that subsidence would be a 

n atural consequence of t he uplift and i 4pdependent of mag-
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me. tra.ni'sr at depth. It here oould inolude deep-seated 

vertloal torose producing a slightly elongated dome 

trendi~1g SW ... lill . The dome would fraotu.re as -$hown by 

a cornhil.lation or l"igures 1, 5. a.nd 7 . The subs i dence 

of the central block and the Treasure n:ountain Graben 

geing the natural consecruenoe of the uplift and being 

closely related thel: .. ~to in time. It must be remember&d 

that the volcanics were pot:.red or erupted into an east

ward trending basin, thus ~iving them a slightly synolinal 

s.truotnre. ~'he weight; of the thick acoumulation of vol

canics doubtlsss aided In the subsiden e of the central 

block after, but in conjunction with the dom.ing.. Th. 

history of tbe area. as set forth by Atwood and Mather (3) 

shows several periods of dom:tng all with their centers in 

or near the Silverton quad:c·angle. Thi s dndO"flbtedly developed 

crustal weakness w:hioh contributed to the , looalizatior~ of 

the late tertiary uplLrt in the Silverton 8.x'ea and perhaps 

provided t~'1e va:.. ts and fissures from whloh the pre-d.oming 

tertiar:-;r volcanics poul'ad into the basin I/le~"1ti oned above. 

The dOl'ilil1{~ and resultant fissuring was a.cc ompanied by 

t .. e intrusion ot di l-esJ subsidence and intrusion of the 

annularly distributed igneous bodies about the sunk$-ll block 

were pI'obably cOl1tempo!' neous, wi th intrusion outlasting 

faulti ng in at least one area Bear !lounttain southwest of 

Silverton); mineraliz~tion was mainly post~f ulting, but 

with a few local exceptions . This timetable seems to fit the 

-essentials of the si tus.tion as else .... here g:l van from Burbank'S - , 

descriptions. 
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Seve:r.·al portions of geologic sections by K>ell$Y 

(2) are o£rered in s upport of the abQve proposed NE 

elonga.ted the sirttllari ty between these s$etions and-: 

t he example or the tilting of blocks due to uplift 

(Magdalena District, N. M.) shown in fig~El £ is at once 

a..:r:n--arent upon C0i:1:pari on . 

Ra.fer-enoe to the areal :rnap will revGal th.at the 

lines of' ·these seotion s a:r'€! i\fE of the NE I1mi t of the 

central sunken block as d scribed h;r Burbank, and that 

all of the sections j.ndicate . tl,l ift to tL.e SE of the 

Poughkeeps1.e-Mineral l)oint Area . Kelley (2 pg 310 ) in .. 
o Q 

dicates th t in t his a.rea. tbe volcanics dip 10 .20 N to NW 

and that tr~s dip was aaused partly by an early doming Up. 

l ift; nbut wi th the format ion of the NE str1.~ing fissures 

t he tilting to the NW as aocomplished by dropping of the NW 

s d~-se s of the elODoB.te blocks wi th reference to t heir BE edges. rt 

This seems to be putting e B sei.1ti~lly the ideas as previously 

given into di.f.ferent words. 

Cel~tai l) ly in spite of the generally radi a l pattern, 

t he two mo st pro.dinent of the radII directl-Ins of fissuring 
() 

a.re, N45 W. Some factor or fa.otors nluot h ve governed this 

concontration . 'llhe recognition of the Treo..sure II!ountain 

Grabon, tbe Mineral Pnint ... Pougbl~eepsie. stru cture, a.nd a 

oonsiderat:lon th experlment{ l dat presented in figures 5, 

6, and 7 indi c ate elol1gation of the dominG to ~he NE, thus 

accounting for the prevulence a:nd p rsistence of the frac -

turing in this direotion .. The overloading of the oentI'al 
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block by volcanios, plus th. "dropped keystone" 

graben forma.tion, taking advantage of ooncentric 

fraotures fo.rmed during doming" probably aocount for 

i till greater and more '6xtensi ve subsidence. 

The situation to the NW of the caldera. or sunken 

block 18 mo~e complex. The Stony Mountain Center to~ 

ward which the N.W. trending ,t'issures point would seem to 

have been influontial in so directing them. Inde.d 

aocording to Burbank (8 pg 159) th$ Stony Mountain stook, 

is the oenter of an ind.ependent s.eri,es of dikes and 

fissures divided intol a) radial system, and b) "spiral" 

and cone-fraoture systems, essentially similar to the 

radial, and "spiral"and cone--fraoture systems of the: 

sunken block or caldera. Many of the older fissures at 

the raa1al calder~ system are filled by dik6s as Well 

as veins. Some of the dikes are ourved in strike and join 

with or are oommon to the radial dike eystem of the Stony 

Mountain Center, but 1n part the radial systems are in

dependent. The density ot fissures between the Stony 

Mountain Oenter and the caldera is indloative of the exist

ence ot a probable set of localizing i'actors. Burbank (8 

pg 213) indicates that in g~neral the dikes of the south

west half or the swarm dip SW and those in the northeast 

half' dip ate_ply northeast. He st'ates that these ocoupy 

tension fissures related to ~ a downwarplng ot the 

crust. "The conclusion is reaohed, therefore, that at least 

some of the radial dike systems of the caldera result from 
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Qownwarping rather th_t upbowlng of the crust." H. 

goes on to say that although differing slightly from 

his previous interpretations It it does not invalidate 

the g&neral interpretation of structural disturbances 

around the caldera. exeept to the ~xtent that di.ffer

ential forces aoting on rook bod1es near the eald.era. 

u •• ",ja sa fill might result from inwardly directed 

rather than outwardly d.1:reeted pressures." 

The veins here show ample evidence of' repeated re

opening and enlargment. Burbank (8 pg 215) gives the 

succession of events as follows: 1) ttspiral" dikes or oone 

sheets; 2) ourved dikes that join the Stony Mountain Stock 

to margin of the main caldera; (initial downwarping of the 

Sneffels axis) 3) straight radial. dikes of the stony Moun

tain center followed perhaps by straight dikes of the main 

center; 4} broadening of north~westerly axis of sagging; 

5) Development o~ the Sneffels axis of sagging (minerali2latlon 

began approximately at this time), the ore ... bear-ing f'issures 

resulted from subordinate stresses induoed by this sagging. 

The .formation of th$se fitfsures is 111ustrat~d in figure 12. 

In the Red Mountain distriot the ring faults and sub. 

· sidlary fissures of the ring system range in strike .from 
o 0 

N25 E to M60 E. Burb811k(a pg 158) reports that r@ughly 

paralleling the ring faults is another "aag or ,graben" 

along Red MQuntain Valley. This sag is Similar to that 

found in many plaoes around the calders, and its appearanoe 

i ,$ sketched in figurell. It is a type of graben resulting 
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l'rom downwarplng (simil.ar to the "3neff'el.s t 8ag" des ... 

oribed above.) but differing :f~om that near Treasure 

Mountain. Which seems the re~ult of a dropped key

stone following upll£t. 

The pos.sibillty that the domal uplift and "surgence 

of magma" was localized by the interse<)tlon of two major 

"sets of 'regl-onal fractures" has been pointed out by 

Burbank (1. pg 180), who goes on to say; however, that 

the structure of a muoh larger area 06 the surrounding 

country must be better known before this possibility oan 

be oritically eXamined. 
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Figure 3. A, Types of surface cracks 
associated with the horizontal fault 
slip which caused the California 
earthquake of April 18, 1906, Ar
rows show direction of movement 
of underlying crust blocks. From 
G, K. Gilbert, Prof. Paper 153, p. 13. 
B. Characteristic cross - fracturing 
between shear planes observed in 
Dives Basin, 
Both illustrations are plans, 
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Figure 4. Diagrammatic illustration of 

change of character of fissuring 
under different geologic settings. 
RS, regional stress; d , relative dis
placement of walls in horizontal 
direction. 
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THE RELATION BETWEEN WALL ROCK CONTROL 
AND STRUOTURE AND THE EFFECT OF WALL 

53 

ROOK ON OaE DEPOSITION AND VEIN FORMATION 

Examp1e~ troms various parts of the area ahow a 

lack of agreement in the relat1ve favorability oE 

the varoous rocks with gegard to ore deposition and 

vein formation. Burbank (1 pg 252) admonish8$ against 

the cemmon practise ot projecting, as a basis of ex· 

p1oration, local determinations of the "most favorable 

a.1.titude tf of ore deposition. stating that it .fails to 

take into account the critioal physical-chemical faotors 

involved. His remarks on this subjeot are quoted in part 

below. "The oharacter of the initial fracturing in a 

rook mas,s is controlled not only by the physioal properties 

of the particular mas$, but also by its relative competence 

in the structural environment, by the localization of' 

strains ·that $8.use final rupture. by the rate of application 

of the deforming forces, and many other factors. ~In the 

Telluride and Sn,.f'fels districts, the San Juan Tuff is the. 

most productive fOJ'Inatlon, the underlying sediments are 

intermediate, and the P·otosi voleanics are unproduoti ve, 

essentially." From the basie data of production in theae 

districts one might conolude that quartz latites and rhyolites 

in general are unfavorable rocks for ore depo.sl tion; however, 

the prospector would be at loss in another district, for ex .. 

ample, the Creede distriot, where silver-lead veins are 

found mainly in rooKs of the Potosi volcanie series. Henoe 

the chemical and physioal properties of qu artz latite and 
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rhyolit. can hardly be the dominent control. even 

though under certain conditions they may constitute 

an unfavorable balanoe of oontrol." The Creede veins 

are along strong fault$, while thos~ of Telluride and 

Sneffels display only faulting of a minor degree. "By 

comparison with the tuff neither the Potosi Volcanio 

series above it nor the s.edilnentary rocks beneath would 

be resilient enough to store equal energy in the form of 

atra1.n. The conditions are comparable to those of a slab 

of resilient material embedded between layers of stiff 

mua, t he whole being subjected to bending under its own 

weight. Very little energy would be stored in the mud, but 

that stored in the slab would be partly released when the 

stress exceeded the elastic 11m tand rupture ocourred. 

The released energy would fissure materila in contact with 

the slab, but, away from the contact the :forces wou1.d be

come dispersed in the plastic material. I£ the system were 

aupported below, major faults oould form only where aome 

majop plane of w,eaknes$ in the supporting basement were 

activated at the time of rupture." 

"At most times the rhyolite was proteoted. f~om severe 

strains by the alternations of rooks between it and the 

basement. Until. deformation had reached oorrespondingl.y 

more advancK stages of graben :foI'l1UJ.tlon, a,st.t Or.ed.e, 

the :flows of the Potosi volcanio series could not have been 

r1ssured adequately to looalize ore deposits." 

ftTh. re"ults derivable from this theory ot division 
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certainly acoord with Bome well-known faots. ThuB~ 

i£ a tough mass 1s acted upon by a shearing tool, it 

is a matter of daily experience that the mass under

goes a single cut. For this case visoosity oomas into 

play, and by the theory only ' one set of fissures will 

be developed, which means that only one fissure will 

inter sect the mass. Again,. if' one attempts to cut a 

brittle substanoe like glass with a shearing engine, 

the mass, accor1l1ng to experlenc.e~ shatters instead or 
simply dividing. In theory, as in practioe, only masses 

capable of considerable defommation under the system of 

external stresses can be divided b y a single eut." 

Figure -4 (1 pg 205) diagramatiaally shows the ohange 

in character of a rupture passing from one kind of rock to 

another. The changes would not be as abrupt as shown and 

in the block diagram a solely horizontal movement is de

picted. According to theory the more brittle beds would 

rupture first, while the other rooks were still undergoing 

elastic or plastic deformation. 

Kelley (2 pg 321-324) states thatthe influene6 of the 

wa~l ro-ck in localizing ore shoots along a :fissure may be 

expressed in three ways~ "1) th& p ttern o~ its fissuring. 

2) its permeability, and 3) its chemical reactivity to ore

forming solutions." 

Figure 4, cited above~ illustrates the first point; 

however the physical properties and charaoter of fraoturing 

are also related to depth. Identical rocks are lesa brittle 

at depth than near the surfa-ce. i th resard to the .. cond 

. . 
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point. Kell y infers that tton the whole, di.f1'erences 

in pe?meabl11ty are more likely to s..ffect the extent 

and character of' wall-rock alte ation than the position 

and xtent of ore shoots within the fissur vein. n Re

ferring to the third point Moehlman (6 pg 392) points 

out that andesite is the moat reaotive and phyolite the 

least reaotive to the or forming solutions. Kelley. 

ho ever, s ys "The degree to whicli d1ffereno6s in chem

ical or mineralogical compo81tion of these volcanic rock 

a~ in.fluential in localizing ore shoote is doubtful. t 

~ocblman believes~ on the other han~. that sinee some 

veins are largely replacements, the chemical action .of 

wall rock is Impo~tant. The pattern of it i'iasuring, with 

due regard to the in~luenc of depth appears to be the 

most important e£fect of wall rockk on ore localization. 

Numerous example of '.favor ble and unfavorablo" wall 

rocks appear in the literature and w111 not be repeated 

here except to note several ~ontradlotion emphasizing the 

dangers of "proj otion.~ In Arrastre Basin the Burns Latite 

1s oons1dered ra prable d the Eureka Rhyolite unravorable. 

However, in the Oolumbu Mine at Ani~a Forks and the Little 

Ida property 1n California Guloh, ore is found in the 

Eureka Rhyollt • 
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Sp culation upon £ra~turing likely to occur within 

the- pre-Cambrian and other basement roaks is caroely 

rr nted, as little is known about the reactions ot 

these rocks to fissuring forGes. It is evident. how 

evor, that they are suff1ciently rigid nd tough to 

tran t the ~issurinB energies mueh greater distance 

than the more easily de.fo.r.mable rhyoli tea and breccias. 

Ransome (16) has called attention to the fact that fis _ 

uring in the pre-O~brlan rocks tends to be simpler and 

narrower but 

thi oomparison is evidently made wIth more .favorable 

kinds or volcanic rocks. 



VERTI CA!t RANGE OF ORE AND 
AREAL A ID VEUTICAL ZONING 
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With regard to depth o~ ore, Kelley (2 pg 326) 

in the Mineral Point, poughke~pa.e, and Upper Unoom

papgre districts, conoludes: u 1) No relation exists 

between the copper. lead. or zinc oontent of the ore 

ahoots and altitude. 2) No relation exists between the 

silver or gold content and any of the base metals in 

the ore shoots. 3) No relation exists between tl~e silver 

oontent and gold content in the ores. tt He goes on signlfl:

oantly "Since the aggregate vertIcal range of ore shoots 

already worked is over 4.000 reet, it ia qu1te possible 

that exposed shoots, and high-altitude shoots espeoially, 

are qui des or clues to underlying shoots even thQugh not 

eontinuoue or directly connected. A succession of shoots 

along one oourse of circulation seems to have been formed 

in oertain other districts and a -similar succession in 

these districts is wort-hy of consideration. fl_ 

Burbank {9 pg 253 and 8 pg 156} indicates changes in 

grade of ore and the zoning of the minerals in depth is 

most pronounced along and near the margin of the down

faulted block, whereas in the intermediate and outer zones 

changes in depth are very much less conspicuous. Ore 

found in the chimney depoei t -s of Red <ountain shows the 

most abrupt changes with depth from argentiferous galena 

near the surface to exceptionally high grade silver-copper 

ores at a depth of several hundred feet and to low-grade 

pyritic ore within a thousand feet. The gold-bearing quartz 
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adu~aria veins, as in the Camp Bird mine, on the 

inner edg~ of the intermediate zone a~so show de

finite impoverishment in depth, but not as abruptly 

as the Red ~lfountaln deposits. In the outer parts of 

the intermediate zone high-grade gold shoots have been 

mined without appreoiable i mpoverishment down ot the 

basement rooks beneath the volcanio formations-. 

At greater depth, structural ohanges involving the 

length and width of high-grade shoots rath r than de

creases in precious-metal content seem to be responsible 

for the most abrupt diminution in quantity and grade of 

ore. In general where the width of the ore shoot deoreases 

the grade also fallS. but there appear to be examples o~ 

strong "fissures that continued in depth, though the grade 

of ore diminished, especially where the vein passed into the 

sedimentary beds. Lack of oompetency of the beds to support 

clean-cut wide fissures and consequent constriotion ot: the 

solution channels in the fissured zone appears to account 

for these unfavorable veins. 

Moehlman (6) indicates that the Camp Bird showed a 

ohange over a depth of 2300 feet from predominantly galena 

near the surfaoe to sphalerite and pyr1te at depth. Th. 

Vlrginius showed only coarser-grained sulfides and quartz at 

a depth of 1900 feet than at the surface. The 'errible 

over the same depth range changed from a heavy sulfide vein 

at the surface to a barren vein with scanty sulfides at 

depth. 
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Hulin, in a report on the Sunnyside lUna, Eureka. 

Colorado, (l927) stated: Il Bas8 metal deposits of the 

Sunnyside type commonly paBs from pre-dominating lead 

valu8e ~n the upper parts to predominating zino value8 

in the lower. Silver and gold usually decrease ~lth depth 

also. Sunnyside. developed thru a vertical range of 1750' 

(l926) shows no regular variation in the lead-zinc ratio 

thru this distanoe. Howaver, with increasing depth there 

is a regular decrease in gold, silver and copper relative 

to th lead present. The copper deorease ia surpri8ing. 

The fact that the lead .. zino ratio shows no regular or per

sistent decrease suggests that ·there is still a eonsidarable 

distance above the lower possible limit of' deposition of 

lead ore. The possible vertical range of lead ore in cen

traland SW Colorado is aoool ... UWOO' below the mineralization 

surfaoe. lt 

Areally Bur~ank (1 pg'1649~73) and Moehlman (6) aupply 

the following information. Just west of Red ~:ountain Creek, 

veins are richer in sulfides than they are farther to the 

northwe.st. southwest of the Caldera, the 1'1W trending fiss

ures oontain base metals, but argentiferous tetrahedrite 

also beoomes important a ndle south of the Caldera. The 

veins of the Sneffels and Telluride districts are muoh 

lower in base metals than those nearer the Caldera. Puring

ton says there is an increase in gold and a decrease in silver 

from N to S in several of the main Telluride veins. The 

base metal . content of the Liberty Bell inoreased to the east. 

The Cement Creek area is donunantly made up of base metal 
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ores oontaining silver with some high grad gold shoots. 

The Areal zoning is refleoted in the production 

records San Juan County with IDBrginal veins produced halr 

a much gold and silver, three times as muoh oopper and 

zinc, and t ice as much :.Le <l a the outlying San !41guel 

County ve i ns near Telluride. 

Previously mention d~ under another heading, was 

Burbankt- theory, which rinds oonsiderable f'av-or. among 

other writers, gma underlying this area was very 

els that the source of 
.// 
as p.seat d. 0 

the mineralizing be n rather close to 

the surface to permit suoli pronounced areal zoning as is 

described above. 
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DIAGRAMATIC ILLUSTRATION DF TIffi ' THEORY OF 
SPACInG OF' FISSURES.. A. MAXI FlTi:T SPACINO 
OF FISSURES UNDER .ROTATIOl'~AL STRAIN TO • 
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-APTER: W.S. +=\FRBANK, "ORE DFPOSITIOi~ IH 
' RED >·/fOP r'rA IN, SlfEFFELS, AND TELLlJRID:i: ' 
Dr TRICTS, COLO." PROC. COL. SCI. soc. 
vol'14, No.5. 
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~HEORY OF SPAOING OF FISSURES 

Burbank (1 pg 207) in di oussing the fissuring in 

Silver Lake Basin says in pe.~t: JtWhy diagonal fissuring 

under certain conditions produces favorable lodes and 

under other conditions less favorable lodes is apparently 

dependent on physical law governing the spacing of 

fissures. Becker {l8 pg 57-6S) developed on a purely 

mathematical and physical basis a partial theory of the 

-spacing of fiss-ures, in which he. showed that under ideal. 

conditions the division of bodies by sets of fissures re-

ults in blocks Whose fac s are parallelograms. The ratio 

of the long and short sides of these faces and the inolin

ation of the planes of fissuring to eaoh other and to the 

faoes of the slabs of rook being deformed are dependent on 

the physioal prope.rtles of the material and the inclin-

ation of the applied press~re~ ~Where the principal planes 

of movem nt were olosely sp~ed the diagonal fissuring is 

likewise olos ly spaced, and where the planes of movement 

war widely spaced, as near Silver Lake. the diagonal fiss

ure are widely $paced and oorr~8pondingly increased in aize , 

(see figure 2). 

Concerning the formation of the late "tensional" pro-

duet1v~ fissures (see figure 8) in the Sneffels and Telluride 

districts. Burbank (8 pg 221-225) statest "The origin or 

the nflat ft veina and assooiated steeper fractures aocording 

to the theory of rotatlonal shearing involves certain limi t

ations to the maximum spacing of the rotating blocks. As 
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sho~ by the vein ystems ot Arrastre Basin, i£ the 

sides of blocks stre sed by rotational shear were widely 

spaced the oross f'lssures w re likewise widely spao d. 

whereas if' the blocks w re narrow the cIJo,..,-rraoturea 

were correspondingly closer spaced. As the blocks in the 

Arrsstre Basin have rotated mainly about a vertioal axis, 

their hortzonta~ dlmensionsare evident, but, as those of 

the Telluride and Sneffels diatriots have rotated about 

nearly horizontal axis, thete ~a no xposed or obvious 

limitation to the vertical dimensions of the blocks or to 

th · depths ' at which the tensional f'raQtures may hav formed. 

According to Becker's partial theory of spacing (fig SA), 

the blooks would be of suoh dimensions that they may rotate 

to aff'ord relief of stress with the least expenditure or en

ergy. This oondition is IdeaJ.~y met, as shown by th.e .figure, 

when their width ia such that he blooks overlap with their 

corners in a vertical line. Eaoh block may then rotate with

out extending the vertical dimensions of the spaoe occupied. 

I£ the spaoing of the inolined £lasures is gre~ter than this 

maximum. then the rotating blooks must 11ft the cover. It 

the cover were not very heavy this could actually happen, 

but it may be inferred that the cover wa.s not aotually lifted 

very much in the Telluride and Sneffels districts. Th · initial 

sheeting of the blocks noted above may represent a counter

deformation produced by a slight lifting of' the cover, but in 

order to evaluate this possibility the dimensions of the ro

tating blocks must be more close~y detined. 

By reference to the oross sections ot the districts it 
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yould seem unlikely that an entfr$ block of the -taxrfK%a 

shallower C~U$t. some 8,000 reet in thickness to the 

bas or the sedimentary ro~k8, could deform as a unit 

under rotational trains. Such a block Is not a unit in 

its physical propertie • but is divided into a number or 

parts by horizontal planes or atratlflc tion. 

Among th~ :weakest o:t he stra.tified l.ayera are thoe 

which bound th Jna.-ssi va or competent formations at th ir 

contaots with much weake~ oues, as Pepresented by the 80£ 

sedimentary rocks or the rhyol~tlc memb~rs of the volcanio 

:formations. Kno-wledg~ or the general physical Propertie 

the different rock formations 

the San Juan tuff is by far the most massive. a~i:torm, and 

competent of the volcanic rocks, excluding, however. the lOcal 

thick bodies or ma siva latites in the Picayune group. The 

stratification of the ~f-breccla composing the San Juan tuff 

1a too impert'ectly fonned and the clastio mater iLils composing 

th rock su~£lclently bonded so that Slippage parallel to its 
I 

own aoar e layering beeo as a negligible factor in the peaction 

or the rormation as a wtiole to strains. This is bounded be-

10lf by a comp-.ratlvely thin layer or Telluride conglomerate._ 

whieh 1n turn ~ests directly at many places upon soft shales 

and thin-bedded sandstones of the esoz01c formations . The 

underlying beds of the Cutler and Her.mos8 formations are thus 

se-parate·d t'-rom the San Juan tut-:f b.y a I-elati •• ly continuoua 

and Inoomp tent layer of beds rangIng t'-rom several hundred 

to a thousand feet in thickness . 
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From these oonsiderations it may be conoluded that 

the tur£ and any part or th underlying formations of 

equal oompetency could not undergo aimple rotational de

.formation as a unit if any appreciable strain was generated 

parallel to the strati.flcatioD of th rocks. One direction 

or ~um shea~ing strain as Shown in figure 12 is nearly 

horizontal and hence- par·allel to thes:f;t planes ot stratifica

tion. Accordingly, a tendency would arise as the blocks 

rotated for dividing planes o~ shear to form within the most 

prominent or the weakly bonded la.yars that bound the main 

block of the San Juan tuff. Such layers lie either at the 

bas of the tuf'f or of the Telluride conglomerate, andal~o 

above the tuff (fig SB) at or near the relatively incompetent 

rhyolitic and latitic flows and breccias of the Pocayune vol

oanio group,. or in places near the base of the Potosi volcanic 

series. Therefore the. competent blocks of tuff-breccia aub

jected to uniform rotationa.l strain under the conditions ot 

saggIng had a thickness ranging from 2,200 to 2,700 feet. 

according to ~ooal thioknesses a.nd minor variations in the 

weakness of the hor-izontal di vl-ding layers in different parts 

of the districts. 

On the assumption of' a.verage thicknesses cited and aver

age dips of the tension fissures between 50 and 60 degrees, 

these fissures aocording to Becker's theory should be spaced 

from 1.000 to 1.500 feet ~art. In general this deduced 

spacing of thXe :fissures is in close agroement with tha~ ob

served in mo-st parts o:f the Telluride and Sneffels distriots. 
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Rock alteration is widespread in this area. Acoord

( ing to Moehlman (6) the regional alteration shows an areal 

variation oorresponding to the zon~ng of the ore deposits. 

Alteration is intense for long stretches along one or both 

walls of many veins, for widths of 1 to 10 .feet. Kelley 

. (2 pg 3l7) states it 1& more common 1n the hanging walls of ' 

inclined veina. Tl~ most ommon alteration products are 
{ 
fine~y disseminated pyrite, kaolin, sericlte-~ quartz. epidote., 

and chlorite. For the most part these alteration products 

are the result of decomposItion or tha original minerals of 

the rock under tne action of the corrosive solutions and gase 

that passed along the channels of the fissures. These solu

tions and gases ere usually the same ones that deposited 

minerals Inthe fissures. The altered aggregate of the wall-

I 

rock minerals. however, generally contrasts strongly in com-

position and texture with that of the fissure .filling. Reaot&nn 

of the mineralizing solutions with the walls is considered 

to be one reason for mine t al deposition in the vein. Wall-

rock reaction2, however, may result from changes in the 

solution that are caused by mineral deposition in the vein. 

In an alteration product of the type described here~ quartz, 

although abundant in the veins. is commonly absent or so fine 

grained and so mixed wi th seriei te as to be quite inoonspic-

uous in the walls. 

Burbank (1 pg 169} tates: nN.arly the entire western 
\ 
1 

border of the sunken block over a width o£ several miles is 

broken by innumerable fissures that provided channels tor 
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the escape ot volcanic vaPors and solutions, wh14h 

al.tered the Silverton voleanic -rooks to an unusual 

degree. Ransmne (IS) has described the alteration 

that took plaae in the vicinity ot the Red Mountain 

mine and on Anvil ountain. showing that the rooks 

were altered in various degrees to aggregates of quartz, 

kaolin. seri~ite, barite~ diaspore, epidotes rutile. 

pyrite, and other minerals. Whel'B the rooks ara not 

brilliantly stained at the surfaoe by iron oxides, 

on the Red MountAins, they are gray or white, and the 

different lavas arB so ohanged from their natural appear

ance that many structural features nd volcanic members 

wer not differentiated on the Silverton folio map_ This 

alteration nas resulted from emanations earlier than those 

that d posited the valuable ore minerals, and because of 

1 ta widespread nature it offers II t tIe clue to the moat 

favorably mineralized zones. The exploration for and 

development of ore shoots in this region are hindered by 

diff'iaul ties or determining struoture and in d1stingulsb.1ng 

bet e&n alteration produced by ora-depositing solutions 

and by earlier emanations~ by the softening of the vOlcanio 

rocks by alteration~ and by the presence of acid ground 

waters. The region ther~for p~sents many unsolved geologic 

and mining problems. 

No ore guides are indioated by the meager detailed 

mapping and reporting of hydrothermal .alteration in this area. 
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OXIDATIon AtTn SUPERGillm ENRICHMENT 

V.c. Kelley ( .!a pg333 ... S41) sta.tes that the quantity 

of Qxidized ore in the Mineral Point, Poughkeepsie, 

and Upper Unoompahgre Districts is ~aall . Significant 

oocurrences are l'ostricted to high ridge s and valley 

sides. ItJo aerargyrite is reported in thea·e districts. 

The high gold content in sorlle ot the high-al ti tude 

mines has s .ggested anricbinent, due to the agenoy of 

menganese mine~als, to so observers . ~he validity or 
the proQ~ss of gold enriohment owing to its oxidation 

and migrat1.on is e. matter of extreme doubt. 

spotty oxidation to depths of 2400 fe et has been 

reported i n the Smuggler~Union and Li berty Boll Minos. 

This and other examp16s of local partial oxidation and 

s pergene depositi on a.t great depths are probablyQ.tl~ to 

the great r9lief'~ open ohannels. and vigorous ground-water 

oiroulation. 

The work or Atwood and Mather (3) raises the question 

whether older oxldized and enriched ore shoots lnigh t 

not have formed with referenoe to the ancient surfa.oes. 

Kelley suggests that although the vigorous erosion that 

formed the present rugged mOUIltalns and ~eep oanyonsj 

obl i t erated moat of these old su rfaoes end assooiated 

strpargene ore shoots, there is still the pOBsieili ty that 

r~mnantB may be partly preserved qlong some of the remote 

proteoted divides." 

However, the stream cutting and glaciati on have so 
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completely removed or modified most such deposits as 

to l ,eave much doubt as to their origin. There is 

muoh evideno-e that what greater gold and silver val.ues 

oocur at high altitudes are the result of original 

hypogene zoning. The secondary nature of some. of the 

so-called "supergene" minerals is open to seriou.s ques 

tion. This is in marked contrast to tl& Creede District. 

where the Amethyst-Veins outeropping in an ungJ.aols.ted 

area is kno\m to be leached for 300 feet and oxidized 

to a dept h of 1000 feet. Kelley concludes that the ores 

of Mineral Point and adjacent Di.striate are dominantly 

hypogene and pending further study, that t hey bear little 

or no relation to present or past erosion surfaces in 

the matter of vertical range or depth. This conclusion 

seenl.S equally valid for the entire region under consider

ation in t h is pa.per. 
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