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UMMARY 

Adequate tr 'a m nt of o large and o ext n ively 
developed a di trict a that of Lead ville ueces itates 
a volumiuou report, in which the practi al que tions 
of prime inter t to the commer ial world ca~ not be 
y tematically au w red un til the data on wh1Ch they 

depend arc di cussed. Many readers will no doubt 
wi h to tw·n at once to the chapter on ore re erves, 
which , ill give them an appraisal of the di trict, with
out bothering wi th geologic d tail. For tho e who 
wi h a brief general account, a summary of the princi
pal chapters of the report i pre ented below. 

Chapter 2. Quaternary geology.- The glacia l deposits a re of 
economic interest because t hey form o thi ck a covering ov r 
much of the di t rict that the bedrock urface could be mapped 
only by the upward projection of boundaries, fault , and other 
features expo ed in mine workings. In upp r Evans Gulch 
glacial erosion has removed much ox idized and placer material • 
and sulphide ores a re found comparatively near the surface; bu t 
in the western part of the di t rict a great th ickne s of glacial 
depo its ha buried thoroughly oxidized ore bod ies to surprising 
depths. These deposit have al o buried old channels, ome of 
which have been found in mining operations, particularly in tne 
Rock Hill a rea. Di placement of the older of the glacial depos
its by renewed mo vement a long fault has a! o affected mining 
operations in the Downtown area . 

There is distinct ev idence of t wo glacial tage separated by 
a long in terglacial stage. The "lake beds" found in mine 
workings in the Downtown and Graham Park area may be
long to a till earlier glacial tage, t he evidence of which i very 
obscure. They li e upon a thoroughly ox idi zed preglacial sur
face and are covered by high terrace gravel or outwa h deposits 
that belong to the earlier of the well-recognized stages. T he e 
deposits are cut by gulches into a series of mesalike areas, on 
one of which the city of Leadville i ituated. Moraines of 
thi early stage in the vicinity of Leadville are nearl y all eroded 
or are covered by moraine of the late tage, which are well 
developed in Evans, Iowa, and other gulche . During the long 
interglacial stage the high terrace gravel and older mo ra ine 
were much oxidized, but the underl y ing ore bodie , already 
oxidized, were protected from furth er ox i lation by a rise of t he 
ground-water table. 

California Gulch, which wa famou for placer mining in the 
very early days, is not glaciated. It was cut during and since 
the last glacial tage along the boundary between high terrace 
gravel and the outhern bedrock lope of Iron and Carbonate 
hiJis. 

T he postglacial deposits include, besides the alluvium of Cali
fornia Gulch, a few la ndslides, the most conspicuous of which 
a re rock streams, and broken rock that has been derived from 
the immediately underlying bedrock or has crept down the 
slopes. 

Chapter 3. Pre-Cambrian and sedimentary rock.-The oldest 
rocks in the Leadville district are gnei ses and schists cut by a 
gran ite batholith of pre-Cambrian age. 

Upon this basement complex lies a succession of Paleozoic 
rocks ranging from pper Cambrian to Pennsylvania_n in age. 
Although th is succes ion is apparently coniormable.throughout, 
with a local exception at the top of the " Parting" quartzite, 
the evidence obtained from fossils in central Colorado indicates 
a stratigraphic break at t he top of each formation. 

The Sawatch quartzite, commonly known in Leadville as the 
".Lower" or Cambrian quartzite, is for the most part a typical 
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light-gray to whit quartzite, 50 t 140 f t th ick, with loeal 
relatively oft beds hat have matrices of seri ite or calcite. 
These softer aud mo re read iy weathered bed arc more numer
ous near the contact of t he quarLzite with the overlying "tran
sit ion sha le ." The "tran ition hales," which a re abo ut 40 
feet th ick, wcr regarded by E mmon as am mb r of the Lower 
quartzite and have b en o r ga rded by other authors who 
have described the a watch quartzite I ewh re in central 
Colorado, but as they can not be sharply separat d from the 
overlying " Whi te" li mestone, the more ·!early defined contact 
b t ween the shales and the typ ica l quartzite i regarded by 
local mining com pa nies as the top of the ambrian quartzite, 
and t he shales a re regarded by th m a. part of the "White" 
lime tone. 

The Yule limestone, of Ordovician age, includ s t he rocks 
origin a lly described by Emmon a · " White" lime tone and 
" Part ing " quartzite. Th " White " lime tone comprises thin 
bed of light-gray . iliceous dolomitic lim tone s parated by 
thinner beds of grecni h-gray hale. odules a nd seams of 
light-gray chert or "flin t " are cha racte ristic of it. The shale 
is most abundant in Lhe lower and upper parts of the lime tone. 

The " Par ting" quartzit con i ts of typical quartzite beds 
eparated by hale beds, which in places a rc so numerou that 

the quar tzite escapes recogn ition. 
The Leadville lime tone, locally call d the ''Blue" limestone, i 

a dark-blue fine-grained thi k-bcdded dolomite 200 fe t thick with 
very little calcite or in olublc matt r. It is mostly of Mis is ip
pian age, but its lower part may b D onian. It is rarely in
terrupted by shale bed , although locally it becomes shaly at 
the top and at the base. I n the we tern part of the district 
there i a sandstone in the lower part of the Blue limestone, 
which i the only lithologi_c suggestion of a boundary between 
po sible Devonian and i\lis is ippian strata. 

The ' eber (?) formation , which overli s the "Blue" lime tone 
and crop out only in the eastern part of the di trict, includes 
a lower clivi ion called by Emmons the " Weber sbal ' and an 
upper dh·i ion called by him h " Weber grits." The shales 
are preva ilingly black and contain orne impure coal seam but 
are calcareou. and sandy in place and are interrup ted by nu
merou layer of arko ic andstone. Their maximum th ickness 
in the urrounding region is 300 feet, but within the Leadville dis
t rict t hey are ra rely more than 100 feet thick and are usually 
much !e. s. The overlying grits a re gray and rather coarse grained 
and consist mainly of quartz, fcld par, and white mica derived 
from pre-Cambrian rocks. They include several fine-grain ed and 
shaly beds and a few nonpersi tent beds of impure dol9mitic 
limestone. Their greatest t hickness within the district i 940 
feet. 

Evidence from the urrounding country indicates that the 
late a rboniferou Maroon and "Wyoming" formation , 3,000 
feet thick, and the Dakota sandstone and later Cretaceous 
strata, 5,500 feet th ick, were once present here. Their total 
thickne scan not be clo ely e timated because erosion may have 
removed part or all of the Maroon a nd " Wyoming " formations 
from the LeadviJJe di t ri ct before the retaceou rocks were 
deposited. The total thickne s of strata within the di t rict at 
the end of retaceous t ime, however, probably ranged from 

,000 to 12,000 feet. In trusive sheets of porphyry, of late 
Cretaceous or early Tertia ry age, increased the thicknc s by 
2,500 feet or more. These figures agree closely with Emmons's 
original estimate of 10,000 to 12,000 feet. 

The ore deposi ts, which were formed subsequent to the 
porphyry intrusions, have a vertical range, so far as revealed by 
mining, from the pre-Cambrian granite to a horizon well with in 
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he " Weber grits, " a distance of at lea t 900 feet. The bulk of 
them, however, lie in the "Blue" and "\Vhite" limestones 
and mu t have been formed beneath a cover of 9, 00 to 12,000 
feet or more of rock. 

Chapter 4. Post-Cambrian igneotts rocks.-The intrusive igne
ous rocks include a widespread group of porphyries and a few 
rock or pipe of rhyolitic agglomerate. There are two main 
varieties of porphyry, known ince the early days of the district 
as "White " porphyry and "Gray" porphyry. The " White" 
porphyry is cut by the "Gray" porphyry at a few places, but 
both are believed to have b en intruded in late Cretaceous or 
early T ertiary time. The. e porphyries commonly form sills in 
all the Paleozoic rocks and dikes in the pre-Cambrian·rocks 
but the sills are by far the more abundant. Two small stock 
of the "Gray" porphyry beneath Breece Hill and Printer Boy 
Hill are imperfectly outlined by mine workings. There is rea
son to believe that an intru ion distinctl y later than the sills of 
Gray porphyry and closely related to ore deposition has taken 
place in the stock beneath Breece Hill. 

The "White " porphyry i most conspicuous in the western 
part of the di trict and al o so uth and southea t of it. It is 
too much altered for its original character to be exactly deter
mined, but it corre pond to a mu covite granite porphyry or 
to a granodiorite porphyry with an unusually mall content of 
biotite. 

The term "Gray" porphyry, applied in the L adville mono
graph to rock typically developed in Johnson Gulch, ha inc 
become a general term to include a varie y of porphyrie that 
are generally similar and in contra t to the "White" porphyry. 
They are medium grn.y to greenish gray and contain prominent 
phenocrysts of white plagiocla e, colorle to rooky quartz, 
chloritized biotite, and in the darker, le;;s salic varietie horn
blende. 

The two subdivi ions of the "Gray" porphyry grottp in and 
about the Leadville district a.re the Lincoln porphyry and the 
John on Gulch porphyry. Large crystals of pink orthocla e 
are prominent in the Lincoln porphyry and to a ie s degree in 
the Johnson Gulch porphyry. The John on Gulch porphyry 
is, next to the "White" porphyry, the most widespread intrusive 
rock within the Lead ville di trict but is not definitely recog
nized elsewhere. Both the Lincoln and the Johnson Gulch por
phyries a.re too much altered to be definitely cia sified, but the 
original rocks were either quartz monzonites or c!o ely related 
granodiorites. The "Gray" porphyry at Breece Hill is o 
chang d iu app t~ranC'c and mposition that it wos ca!J d 
" pyri iferou porph ry' in the Leadville monograph. 

A third vari ty of "Gray" porphyry, called the Mount Zion 
porphyry by Emmon , i d v lop d at Mount Zion , north of 
the di trict. ro , who fir t tudied thi rock, remarked that 
pecimen blea h d by a lt ration could not b di tinguished 

from "White" porphyry, and Emmon al o stated that the two 
rocks appa.r nUy grad d into ach other. The type rock at 
Mount Zion i a siliceous quartz monzonite. 

A fourth vari ty of the "Gray" porphyry, h rein designated 
the Evans Gulch porphyry, differs from the oth r member of 
the group in having a fin , almo t even-grain d texture, re em
bling at fir t glanc a fine-grain d granite. Tbi rock occupie 
a triangular ar a on the north lope of Evan Gulch. 

Th main sh t of" Whit " porphyry, intruded between the 
" Blue" Jim tone and the local haly member of the Weber (?) 
formation, is fairl y onformablc with th bedding over a con
siderable di tance, but in the vicinity of tray Hor e Gulch it 
plit , and the min workings to th north cut two horizon of 

" White" porphyry. The" Gray " porphyry ill ·, on the other 
hand, are irregu lar in out.line, e p cially in the Iron Hill ar a. 
Th y ro the b dding abruptly for hortdistancc and nd out 
hort branche , om of which form interlocking bodies. The 

cro cutting of th sills of both porph •ric nppear to be upward , 
or away from the conduit at Breece Hill . 

The characteristic irregularity of the "Gray " porphyry sills 
may be attributed in part to structural conditions and in pa.rt 
to their degree of vi co ity at the time of intru ion. The pres
sure exerted by the intru ion near the conduit produced some 
local thru ting a ide of limestone blocks which also re ulted in 
marked variations in thicknes of both lime tone and porphyry. 

The only volcanic rock within the Leadville di rict is a rhyo
litic agglomerate erupted ub equent to ore deposition and prior 
to glaciation. This rock occur a.s the filling of four irregular 
volcanic vent or pipes, which deer a c somewhat in diameter 
with increa ing depth, and al o as dikelike mas e along some 
of the major faults and fi ures. The agglomerate di integrates 
rapidly when expo ed on mine dump , and thi tendency explains 
the occurrence of the pipes in depres ion of the bedrock urfa.ce 
and their almo t total concealment beneath glacial debri and 
"wash." The approximate outline· of the pipes have been 
determined by mine working . 

The be t exposed, called the Ollie R eed pipe, ·.md rlies outh 
Evans Gulch on the west side of the Ball •Iountain fault. A 
small irregular pipe lie ju t nortbwe t of the !lie Reed pipe. 
The Jo ie pipe is expo ed in the Jo ie, Midnight, and ilver 

poon mine . The Eureka pipe, at the northwest base of Breece 
Hill , is very imp rfectly outlined by mine workings. The only 
other agglomerate body that can be mapped is a dikelike mass 
of southwesterly trend at the head of California Gulch . . 

The agglomerate con ' ist of fragments of pre- ambrian and 
P aleozoic rocks, the intru ive porphyries, rhyolite, and ore bodies 
in a matrix of rhyolite. The marginal portions of the pipes, 
where ex~osed, con ist of glassy to den e rhyolite with well
developed flow structure and free from inclu ions, but only a 
few fe t from the contacts the typical agglomerate is pr sent. 
Ore bodie terminate abruptly again t the agglomerate. 

Chapter 5. Structure.-Folding is not so pronounced within the 
Leadville di trict a in the surrounding region, where the prin
cipal fold trend . 30° W. and are a ociated with reverse 
faults. These folds and reverse fault were d eveloped sub e
quent to the intrusion of the porphyry sills, but prior to the 
int rusion of stock and batholithic ma es of monzonitic rock 
in central Colorado. Folding and rever e faulting were foll owed 
by normal block faulting on a comparatively mall scale. The 
block faults are particularly conspicuou in the ea tern part of 
the Leadville district, wh re they are mineraliz d. ub qu nt 
to mineralization block faulting on a larg r s ale took place. 

The rever e fault are of consid rable int re t becau e of their 
influence upon the locnJ izn.tion of certa in o r bodies. This influ
ence wa not appreciated until a. comparatively mall rever e 
fault , here called the Tucson-Maid fault, wa discovered in the 
Tucson min in 190 and developed during the next fe\v years. 
It i off et by the Ir n fault, and its we tward continua.tion has 
heen found in the Mahala, \Vol ftone, and Maid mine , and a. 
further off et continuation may extend through the ea tern and 
northern part of the Downtown area. The fault itself contains 
ore at a few place. , but for the mo t part it i ealed by gouge, 
whereas auxiliary fault and fi sure along it are mineralized 
a.nd have erved a feeder to replacement ore bodie in lime
stone. In the Cord min , where the r ver e fault is cro ed by 
the Cord v in , the hattered ground contain both r placement 
d po it in lime tone and tockwork ("brecciated ore") in 
"Gra.y ' porphyry and quartzite. 

The olorado Prince reverse fault contain ore where it is 
eros ed by the olorado Prince vein , wltich fills a younger li -
ure. Throughout much of it cour e this rever e fault is filled 

with agglomerate, whi ch may have obliterated small showings 
of ore. The upturned lime tone on the ou hwe t ide of the 
fault hav yield d some rich or , and tudy of the di tribution 
of recorded mine working uggest that con iderable produc
ti\" ground remains to b pro pe~ted, particularly in the 
" White" limestone. 
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Ore in the London mine, on the east slope of the Mosquito 
Range, has vidently been introduced along auxiliary fault and 
fissures on the footwall ide of the London fault. In the Clear 
Grit mine, on the south lope of Iowa Gluch, ore has been found 
both within the We ton reverse fault and in auxiliary fissures 
on its foo wall side. The general conclu ion regarding the 
influence of there' crse faults on ore deposition i that although 
they are not the trunk channels through which ore wa intro
duced, where they or the broken ground along them are inter
sected or joined by the younger fissures that did serve a chan
nels the c.onditions have been favorable for ore depo ition. 

The Mosquito, Weston, and Mike faults, as mapped by 
Emmons, are composites of earlier rever e faults and later 
normal faults. 

Faults and fi ures formed subsequent to reverse faulting and 
prior to ore deposition are mo t prominent in the eastern part 
of the district, but a few have been found in Iron and Carbon
ate hills. The faults and fis ures that can be definitely assigned 
to this class are minerali zed. Some, like the Ibex, Winnie
Luema, Garbutt, and Sunday vein , have been mined exten
sively; others, like the Cord vein in Iron Hill, minor veins in 
the Ibex group, and tho e in the Resurrection mine, have been 
stoped at a few place but are chiefly important as feeders of 
blanket ore bodies in limestone. 

These faults and fi ures trend in several directions and may 
comprise two subclasses-one trending at right angle to asso
ciated reverse faults and one trending north or north-northeast. 
So far as observed, those at right angles to the reverse faults a re 
marked by comparatively little or no displacement. The others 
include some faults of considerable size, though small compared 
to the major postmineral faults. The larger of these faults, 
notably the Winnie-Luema, have transverse branches or aux
iliary faults which are also mineralized. 

The Ibex group of premineral faults is complex and numbers 
more than 70. Its largest members, the I bex No. 4, Garbutt, 
and Modoc faults, form the irregular northern boundary of a. 
large down-faulted block between the Weston and Ball Moun
tain faults, which is one of the lea t known part of the dis
trict. Many a·f the minor members of the group are only a few 
inches thick but serve as leads to connected replacement ore 
bodies in lime tone. 

The origin of the reverse and later mineralized faults must be 
deduced from evidence from the surrounding region rather 
than the Leadville district itself. The folds and accompanying 
reverse faults were developed by a thrust acting in a. west
southwest to west direction. 

The fissures and minor faults at right angles to the TP. VE'r. P 

faults are attributed in part to a minor recoil movement follow
ing the period of folding and reverse faul t ing and in part to 
disturbances accompanying or closely following the late stock
like intrusion at Breece Hill. 

With the exception of the like, Weston, and London faults 
and the northern part of the Mosquito fault, the largest and 
most conspicuous faul ts of the reigons are of postmineral age. 

orne of the older faults, notably the Mike, underwent renewed 
movement at this t ime. Postmineral faul ts have been more 
thoroughly explored in the western part of the district than else
where. They occur singly and in groups. 

The two conspicuous groups of postmineral faults are the 
Pendery, in the Downtown area, and the Dome-Iron-Mikado, 
along the we t slope of Iron Hill. The faults vary considerably 
in strike and dip, but their prevailing trend is N. 12° E. and 
their dip we tward. Movement along them has been almost 
entirely in the direction of dip, as proved by the positions of 
faulted ore bodies. Auxiliary faults that branch from the 
major faults mostly strike northeastward, but the Adelaide 
fault, which is auxiliary to the Iron fault, is unusual in having 
a southeastward to southward trend. 

Movement along the po tmioeral fitults has taken place con
tinuously or at repeated intervals until the pres nt t ime, but 
the principal movement occurred during. the main uplift of the 
Mo quito Range, in middle Tertiary tim . Minor sub equent 
movements are indicated by the faulting of "lake beds," "wash," 
and mine workings. 

The force that produced the po tmineral faults acted verti
cally. The block between faults were tilted to the east but un
derwent very little horizontal movement along the strike of the 
faults and no compression transverse to the fault . The great
est amount of uplift was a long the Mosquito fault, northeast 
of the Leadville district, and the next greatest along the Dome
Iron-Mikado and Pend ry fault groups. The Mosquito fault 
dimini hes southward, th Dome-ITon-Mikado group is at a 
maximum just north of Iron Hill and dimini hes both to the 
north and south, and the Pendery group increa es southward 
as far as it can be trac d (to th outh edge o.f the Lead ville 
district). The sh ift of the main zone of uplift took place, there
fore, in the vicinity of Leadville, and adjustments within this 
area. of change are expre d by movements along fault between 
the Dome-Mikado-Iron and Mo quito faults. The e move
ments were mostly uplifts on the east side of the fault but in
clude the depre ion of th~ block between the northern iike 
and Pilot-White Prine fault. and perhaps the block between 
the Weston and Ball Mountain faults south of the I bex mine. 
This last block, however, was depre ed to some extent before 
the period of ore depo ition. 

The local depression of the e blo ks during a period of general 
uplift indicates some expan ion of the earth's cru t during the 
uplift. East of the Mosquito fault th uplift is marked by 
eastward tilting without conspicuous faulting unle renewed 
movement took place along the London fault zone. We t of 
the Mosquito fault eastward tilting took place but was subord i
nate to faulting. The amount of uplift at the Mosquito fault 
oompared with the strata in outh Platte Valley, to the east, is 
about 7,000 feet, and as compared with the strata beneath 
Lead ville, about ,000 feet. Although thi uplift i best indi
cated in the :ti1Io quito Range, it has been much more extensive, 
but the limit of the area characterized by postminerA.l normal 
faults are not knou-n. 

Chapter 7. Production, hi story, and mine development.-Lead
ville now ranks fifth among the mining districts of the country in ' 
total value of its mineral output. Its history may be divided 
into three periods according to the dominant metals produced
gold, silver-lead, and zinc. 

Chapter 8. Classification and mineralogy.-The ore bodies 
may be cla.ssified according to form in to veins, tockworks 
closely related to vein , replacement depo its or "blank ts," 
and placers. The first two classes a re found principally in 
iliceous rocks and the third in carbonate rocks. The plac rs 

are of only historic intere t and are only incidentally con id red 
in connection with the supergene concentration of gold. la -
sification may also be based upon the genetic relation · of the 
ores and their constituent minerals, and a subcla sificntion on 
the metals and gangue present. A combination of the cia i
fications is necessary for an adequate understanding of the 
ores. 

The important hypogene minerals are comparatively few and 
of simple chemical composition, but supergene minerals, d rived 
wholly or in part from them, include more than 50 speci s, some 
of which a re of complex composition. The hypog ne mineral 
are divided, according to the temperature at which tbey were 
formed, into two groups-high-temperature mineral , in replace
ment bodies near the Breece Hill took, and moderate-tem
perature minerals, in veins and replacement bodies away from 
the main center of intrusion. The mineral composition of a few 
deposits indicate a gradation between the two group . 

The minerals diagnostic of high temperature !\re walla ton ite 
(uncommon), pyroxene or olivine (now altered to rp ntine), 
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magnetite, and specularite. The last two minerals are also 
present in small quantity in deposits that belong more to the 
moderate-temperature group. Manganosiderite is in minor 
degree closely associated with mas ive magnetite, but for the 
most part it forms casings around the mLxed sulphide ore bodie . 
Quartz also is associated to a minor extent with the high-tem
perature minerals but is mostly present in moderate-tempera
ture deposits. In siliceous rocks it is accompanied by large 
quantities of sericite and minor quantities of chlorite, epidote, 
and calcite. It is also present together with chalcedony and 
opal in the supergene ores. 

The principal sulphide minerals, in order of abundance, are 
pyrite, zinc blende (marmatite), and galena. The pyrite, like 
the manganosiderite, is intimately associated with magnetite 
to a small extent and is also present in veins that distinctly 
cut the massive magnetite. It is the principal ore mineral 
in the veins and stockworks and also in many of the replace
ment bodies in limestone. Zinc blende and galena are more 
limited to deposits of mocterate temperature. They are mostly 
present in the blanket bodies, either in mixed sulphide ore or in 
nearly pure zinc or lead ores, but are also locally present in 
the veins. Zinc blende is much more abundant than galena. 

Among the minor hypogene sulphide minerals chalcopyri te 
is most prominent. It is locally interstitial among pyrite and 
zinc blende in the veins and is present as microscopic inclusions 
in the blende. The ores commercially cla sified as copper ores 
(copper 2_!,1 per cent or more) have been enriched by supergene 
chalcocite, which coats chalcopyrite and pyrite and to a minor 
extent zion blende. The chalcocite_is comll!_only accompanied 
by considerable silver and also gold. 

rgentite is present, usually as microscopic grain accompany
ing Tile other sulphides, and is occasionally found intergrown 
with bismuthinite. This intergrowth is the principal constit
uent of the rich silver sulphide ore found here and there. 

Gold is present in commercial quantity in this rich silver ore, 
also in certain shoots in the lodes and stockworks, and in rather 
clo ely associated blanket bodies. Visible gold is practically 
confined to oxidized parts of these ore bodies, where it is locally 
present in flakes and wires, and to certain enriched parts of the 
as ociated sulphide zones. Gold presents one striking mode of 
occurrence in the sulphides as veinlets, coatings, and interstitial 
filling, particularly in zinc blende. It is also clo ely but not 
constantly associated with chalcocite. 

Chapter 9. Primary (hypogene) ores and ore bodies.-The 
original hypog ne ores include (1) iron oxides with silicate and 
carbonate gangue formed at high temperature by replacement 
of lime tone near the Breece Hili stock; (2) veins and stock
work of sulphide or , mainly in iliceous rock ; (3) replacement 
bodies or "blanket " of sulphide ore in lime tone. 

The first group b longs to the cla s generally called" contact 
metamorphic," but this term i not very apt for some of this 
group at Leadville, as the ore is in contact with sill of por
phyry which were con olidated and fractured b fore the depo
sition of the or . This group i the least important commercially 
Magnetite-sp cularite ore, affected to some extent by weather
ing, has been shipp d for fluxing from the Breece iron or P on 
mine since the early days, but other hipm nts have been Jim
it d to ore that has been cut and enriched by pyritic gold of 
the second group. The high-temperature ores can not be 
sharply distinguished from the sulphide ores of the third 
group. 

The mineral coropo ition of the ores of the second and third 
groups is characteri tic of ores form d at moderate tempera
tu res. The veins of the second group have been worked since 
1 6 , but with the ex eptioo of the Ibex group of vein on 
Bre ce Hill, tb y have b eo over badowed by the ulpbide re
placement bodie of the third group. Only a few stockworks 
have b en found and th y may be r garded as variations of 
the v ins. 

The veins lie mostly ea. t of the We too fault, but several 
minor eios have been worked or prospected on the west slope 
of Breece Hill, and productiv veins in close as ociation with 
"blanket" ore bodies have been mined in the Cord and Tucson 
mines, in the Iron Hill area, and the Wolftone and Greenback 
mines, in the Carbonate Hill area. Those east of the Weston 
fault are in part isolated but mostly occur in group of closely 
spaced veins. 

1ost of the important veins of the district have been discov
ered by underground development. Th carcity of outcrops 
is due to relatively rapid erosion of vein matcral; extensive 
coverings of glacial debris aud di integrated rock; and the fail
ure of mo t vein to reach the urface of b drock. hale beds, 
particularly the lower part of the Weber (?) formation, or the 
so-called " Weber shale , " have acted a barriers against which 
mauy vein terminate upward and pread as blanket replace
ment deposit in the underlying limestone; but inten e mineral
ization at Breece Hill and on the we tern lope of Ball oun
tain reached well into the o-call d "Weber grits," or upper 
part of the Weber (?) formation . The greate t production has 
come from veins of approximate northward trends. 

The veins are divided into three Cla e based on dominant 
mineral composition-(!) pyrite-chalcopyrit with ubordinate 
zinc blende, (2) highly siliceou , (3) mixed siliceous sulphides, 
locally with prominent galena. The e cla es grade into one 
another. 

Although mineralization extend from veins along c rtaio 
bed in quartzite and shale, workable ore is almost wholly con
fined to the replaced battered rock within th fissure zones 
between siliceous wall rocks. The ex eptioos are small blanket 
replacement depo its that branch from veins in the "Weber 
grits." Where the veins cut limestone, however, roo t of them 
spread into blanket depo its, whose longest dimensions are gen
erally parallel to the strike of the veins, though some trend 
away from the maio vein along branch fissures . The ores that 
have been mined from the e connected replacement deposits 
are roo tly similar to those within the vein and different from 
the ores of the large replacement bodies in the western part of 
the district, but gradations between the two kinds of replace
ment deposits have been establi bed at a few place . Wh re 
gradations !:rave been exposed the siliceous pyritic gold or gold
copper ore extends a short di taoce from the vein lis ure and 
grades rather abruptly into rna sive zinc blende-galena ore. 

The large blanket ore bodies occur roo tly in groups that have 
a roughly radial arrangement with respect to the intrusive stock 
of Gray porphyry at Breece Hill, but their location and arrange
ment are more clo ely controlled by other tructural features, 
notably the rever e faults and the trao ver e normal faults and 
lis ures. 

These "blankets" have been found in all the sedimentary 
formations but roo tly in the two limestones. In shaly forma
tions more limy beds have been replaced by ore in areas of 
inten e mineralization. but the principal function of the shales, 
and particularly of the porphyry ill , ba been to serve as an 
impervious cover beneath which the ore-forming olutions pread 
and replaced lime tone. 

The Blue lime tone ha contained the greatest number and 
the large t of the ore bodies mined. The White lime tone ha 
been the mor produ~tive for everal year in certain places, 
particularly in the Iron Hill and arbonate Hill areas, but its 
ore bodie have not been so large as those mined in the Blue 
limestone in the earli r years. The White lime tone is well 
worth pro pecting in certain undeveloped place , particularly 
in the Iron Hill area, but its ore on the whole are les widely 
di tributed and of lower grade t han those in Blue limestone. 

The repla ement bodi s omroonly occur a.t certain horizon , 
locally called "contacts," where tructural condition have con
trolled the concentration of ore. The number of "contacts" 
varie on the whole wi th the number of porphyry ill and 
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shale bed that serve a imperdou covers to ore bodie . In 
some places ore bas been mined at as many as ten or eleven 
"contacts." The uppermost, usually the contact of White 
porphyry or "Weber shale " with Blue lime tone, is called the 
"first contact," and others are numbered in consecutive de
scending order, regardless of their stratigraphic positions. The 
original ores of the blankets are classified below according to 
the ratio of sulphides and gangue mineral , and the classes may 
be subdivided according to the relative abundance of the differ
ent metallic sulph ides. The differtlnt varieties grade into one 
another. 
1. Massive sulphide ores ( u lphides with inconspicuous gangue) : 

a. Pyritic or iron ores. 
b. Galena or lead ores. 
c. Sphalerite or zinc ores. 
d. Chalcopyrite-bearing mixed sulphides or copper ores. 
e. Mixed sulphide ore . 
f. Argentite-bismuthinite or silver-bismuth ores. 

2. Carbonate-sulphide ores (mixtures of sulphides and large 
quantities of manganosiderite). 

3. iliceous sulphide ores (mixtures of sulphide and large quan
tities of quartz or ja peroid): 

a. Pyritic gold ore . 
b. Chalcopyritic gold ores. 

Concentric banding characterizes much of the mixed sulphide 
ore. 

Chapter 10. Genesis of the hypogene ores.-The ores are be
lieved to have been depo ited by magmatic waters. The 
evidence for thi belief i;; imilar to that presented in several 
reports on mining districts during the last 20 years. The mag
matic waters were not directly associated with the sill of Gray 
porphyry but with a later in trusion, which is not certainly ex
posed in the Leadville district but may be represented in pyri
tized rock of the Breece Hill stock, where mineralization was 
intense and took place at higher temperatures than elsewhere. 

The> high-temperature deposits were formed by water escap
ing from the upper part of the stock soon after its coo olidation. 
At a later stage, after a much larger quantity of ore-forming 
solution bad · accumulated in the magma reservoir, fi uring 

. and minor faulting allowed thi solu tion to ri e to and above 
the level of the high-temperature depo its; but by he time this 
level had been reached the solutions had cooled to moderate 
temperature and formed sulphide veins crosscutting the high
temperature deposits. Differences in mineral compo ition of 
the deposits were determined largely by the kind of rock 
through which the solutions passed and by the temperature at 
which reaction with the rocks took place. 

Pyrite was depo ited through a con iderable range of tem
perature, and only after its deposition was nearly completed 
were other sulphides deposited, either in the interstice among 
pyrite grains or in local shoots. Deposition of zinc blende as 
a whole preceded that of chalcopyrite and galena, but chalco
pyrite is most clo ely as ociated with pyrite, which evidently 
was its most efficient precipitating agent. These briefly stated 
relations were necessarily complicated I y variation in local 
conditions. 

Manganosiderite evidently began to replace limestone at a 
temperature too h igh for the deposition of sulphides, but at 
lower temperature the sulphides were more stable and replaced 
manganosiderite. The mangano iderite was transferred in so
lution to localities where it could again replace limestone around 
the margins of the sulphide bodies. ilica had a similar relation , 
which accounts for the deposition of siliceous pyritic ore in or 
clo e by trunk channels, followed by sulphides low in silica, and 
for margins of jasperoid around some ore bodies, as well as 
masses of jasperoid more remote from the trunk channel·. Ba
rite, found principally in the marginal parts of productive ground, 
was formed mainly during the later part of the sulphide stage 
of depo ition , and the minor carbonates, dolomite, ankerite, and 
calcite, were the last minerals deposited. 

Primary gold, o.rgcntitc, and bismuthinite, so far as scanty 
data show, were only exceptionally deposit d in visible quan
tity. They followed the more common sulphide minerals and, 
where the solutions wer h ld back by impervious barriers, filled 
inter tices among the sulphides. 

Chapter 11. The oxidized ores. - Oxidized ores, formerly dom
inant but now subordinate to sulph ide ores, include iron-man
ganese and manganese ox ide orcs deri ed from manganosiderite, 
iron oxide ore derived from pyrite ore low in si li ca, oxidized 
iliceou gold and silver ore deriv d from siliceous pyrite ore, 

I ad carbonate ore Cl rived from rna sive gal na and mixed sul
phides, lead-iron sulphate (plumbojarosite) ore derived from 
mixed ulphides, oxidized sili ous lead ore derived from sili
ceous mixed sulphides, zinc carbonate and ilicatc ore derived 
from massive zinc blende and mixed sulphides, oxid ized sili
ceou copper ore and copper sulphate ore derived from siliceous 
pyrite-chalcopyrite ore, and oxidized bismuth .ore d rived from 
bismuth sulphide ore. 

Chapter 1$ . Alteration and enrichment of the ore.s.-The bot
tom of the ox idized zone i · in gen raJ sharply defined in the 
blanket bodie , where circulation was mainly parallel to the dip 
of the cow1try ro ck; it is less di tinct in the ste ply dipping 
veins, and some effects of oxidation are found considerably be
low 'the zone of thorough oxidation. The zone of sulphide 
enrichment, principally indicated by chalcocite, is very poorly 
defined ~nd in several places abs nt. It i far mor common in 
the veins than in Lh blanket bodie · but can rarely be eparated 
from the oxidiz d zone above and the zone of primary ore 
below. 

The depth of the oxidized zoo below the bedrock surface 
ranges from 75 to 940 feet, but in mo t parts of the district it 
is between 400 and 600 feet. The depth of complete oxidation 
approach uniformity within any area bounded by major faults 
but are very different in adjacent area epara ted by the faults. 
Although a rough corre pondence exists b tween the eastward 
ri e of the top of the sulphide zone and that of the ground sur
face, many striking variation from uch a cone pondence are 
due to the effect of geologic structure, the effect of lithologic 
character of country rock, the form and po ition of the ore body, 
and the effects of glacial ero ion and deposition and of the 
changes in ground-water level. 

Chapter 14. Ore reserves.-Leadville has been a large pro
ducer for about hair a century, and there ha been c nsi.derable 
opportunity to determine the limit of productive territory . 
Most of the favorabl e grounrl. wiLhin those limits has b n 
th roughly explored, but there are rea on for hoping that th 
productive area of the district may still be enlarged and that 
some good ground hitherto overlooked may be found within th 
de,·eloped area. It is al or ported that large quantiti of low 
grade and complex ores s na ready to be mine when nigh r 
prices or improvements in metallurgy hall make tnem profitabl . 

Goo ground within the productive area may includ a few 
undi covered masse of replaced Blue limestone within th 
main sheet of White porphyry, hut the most promising ground 
in the western part of the di trict include the insufficiently 
explored Blue and White lime tones along rever e fault in tb 
Iron Hill and Carbonate Hill area . The northern part of 
Breece Hill and the area northea t of the Colorado Prince 
fault contain promi ing ground that has not been ad quately 
explored. The down-faulted block outh of the Modoc lode 
and ea t of the Garbutt lode i al o promising, e pecially in it 
northwe tern part. 

The territory north of Evan Gulch ha not been studied in 
detail but ha not much to commend it so far a availabl 
evidence i concerned. 

Beyond the east and south limit · of the area stud ied som 
good ore bodies at the Blue lime tone horizon ha.ve been 
mined. o appraisal of this outlying territory is attempted, 
but it i hoped that the information pre ·en ted in thi r port 
will serve as a basis for more extended tudie . 



P>\\Oil •\\II C: \I E\\ OF LE \0\ ILLE l\ 1912, LOOKI\G \\ EST 

llt±hiud Lh~ Lo on ll nud u Cr Q.:iS the inter\ eu ing alley or r~OHSliS Hh cr are u.e lofty suuuoit:; o( t 6 Sa~ a tch Rnuge 





GEOLOGY A D ORE DEPOSITS OF THE LEADVILLE MINI G 
DISTRICT, COLORADO 

By S. F. EMMO s, J . D. lRVl o, and G. F. Lo OHLIN 

INTROD CTION 

By G. F. LouoaLIN 

teenLh year, and wa graduated in the cla of L G1 
with the degree of A. B. Tho outbreak of the ivil 
War drew everal of hi cla into th Army. Emmon 

The publication in 1 6, by the United tates Geo- de ired to go to the war but reluc tan ly yield d to the 
logical urvey, of . F. Emmon 's monograph entitled expre ed wi h of hi parents, who were averse to hi 
" The geology and mining indu try of Leadville" nli tment. A long-cheri hed ambition of the elder 
marked the beginning of an epoch in the investigation Emmons was that at least one of his on hould pur ue 
of mineral deposits in America. Before that report was a professional career. Frank, as he was called, had 
written comparatively little had been done in this cou.n- always shown the habit of a student and wa then 
try to furth r our cientific knowledge of the depo ition completing a collegiate cour ; the choice th ref ore 
of the metalliferous or . During the years that have naturally f ll on him; and a hi own ta te led him to 
elap ed since 1 6 econ~mic geology ha s en a greater prefer an outdoor lif , he began early to look forward 
n.dvance than that which had been accompli hed in to some form of engineering a a profes ion . 
the prec ding century-an advance to which Ameri- When hi invalid mother, in 1 ol , wa advi ed, in 
can geologists have abundantly contributed. Certainly the hope of b ttering her health, to tn,ke a summer trip 
the time was ripe, in the early eighties, for a great abroad, he wa elected as the mo t available memb r 
acceleration of progress in economic geology, but it i. of the family to accompany her, and they sailed in June 
equally certain that this acceleration derived its most for England and the continent of Europ . Hi moth r 
powerful impulse from the enthusia m inspired , in returned in the fall , but he remained for a tim in 
geologi ts and mine operators alike, by the varied England and went to Pari in December, bent upon 
excellen es of the Leadville monograph. some line of scientific work but till undetermined in 

The dominan t po ition of the orio-ina.l Leadvill hi own mind ju t where and what he hould study. 
monoo-raph and the unfortunat d ath of its author horLly after reaching Paris he made the acquaint
before its revi i n rend r appropriate a bri f ac ount ance of Eckley B. Coxe, of Philadephia, then a tudent 
both f Emmon ' life and of th condition that led at the Ecole Imperiale des Mine . Emmons always 
to th writing of the pr nt volum .' The infinite} regarded thi meeting with Coxe as the turning point 
pain aking ff rt . th then unpr edent d elaboration in h" own life. Acting upon his friend's advice he 
of d tail the r markable a curacy of the data pr ntcd, entered th Ecol de Mine after nine month of prep
and th rna terl kill with whi h the rna of facts aration durino- which he became well grounded in 
and conclu ion were marshal d befor th r ader chemi try and phy ic under Prof. Adolf Wurtz. For
nffotd d an example of o- oloo-ic in io-ht and a model eign tud n ·were admitted to the Ecole des Mines 
of litcrar ex oil nee to which Ameri ~11 g ology offer~ only upon application of t}le r epr entative of other 
few parall l . It i not urpri ing th u h a volume fri ndl gov rnments, and Emmon owed hi privile~e 
hould hav had o far-r aching an influence nor that to the Ron. William L. Dayton, American mini ter to 

th stimulating eff ct which it produc d hould have France. He worked there indu triously for two aca
cxtend d over thr d ad and till be potently f It. d mic yeAJ , to the umm r of 1 64, and was particu-

When amu I Franklin Emmon di d a hi hom in larly in pired by the famous French geologists Elie de 
Wa hington, March 2 , 1911, h Ja ked only on day of Beaumont and Daubree. 
completinghi eventi thyear. I-I wa b rninBo ton The next year he pentin theBergakademieatFrei
March 29 1 41 ntcr d Harvard ollego in hi ov 11_ berg, German)1, where the practical ide of ngineering 

wa taught in more detail and where he became fami-
' The paragraphs that follow nro abstracted by G. F. Loughlin from memorials liar with the German chool of !!eoio!!y and wi th Bern-

by Arnold B ague (Geol. Soc. America Bull. , ,·ol. 23, pp. 12- , 1912) and Georg~ ~ ~ 
F. Becker ( m. In t . Min. Eng. BulL 57, pp, 673- 692, 19ll ) and from nnounl hard von Cotta, one of the pion er in conomic geology. 
reports or th · · Geological Sun' ey from I 7 to 1919. 1 He left Freib rg in the umrnor of 1 65, vi ite l man 

1 
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important mining cent 1 in difl'er nt part · of Europ , 
pent the winl r in Italy, and returned to Bo. ton in 

June, 1 66. 
Early in 1 67 th G ological Exploration of the 

Forti th Parallel und r the dire tion of lar n King 
wa authorized by ongres . hortly afterward rnold 
H agu , a mutual fri nd, brought King and Emm n 
togeth r, with the r ul t that Emmon \\'a accept d 
a volun teer a istant, and in th following wint r h 
received an official appoin tment a a i taut geologist. 

On May 1, 1 67, e eral member of the i ntific 
·Corps, in luding Emmon , left ew York for an Fran
ci co by way of the I thmu of P anama, a trip o cupying 
three weeks. f ter everal dar in an Franci o a 
camp for a embling equipment wa e tablished at 

acram nto, and a ride of a few days aero th high 
Sierra brought the party, earl y in Auaust, to its fir~ t 
working camp on Truckee River , not far from the 
pr ent city of Reno, ev. The party Wt a compani d 
by a cavalry escort of 2 ~ men to guard life and prop
erty, a.nd frequently a mounted ~oldier accompanied 
a geologis t ' hen it was deemed unwi e for anyone to 
be quite alone in the mountain . Two well-equipped 
organizations were constantly in the field- one known 
.as he Emmon party, the other a the Hague party. 
The parties worked eastward and ended at the Great 
Plains of Wyoming and Colorado in 1 72. 

The fu t winter of the work was spent at Virginia 
City, Nev., .in a study of the Com tock lode and the 
geology of Mount David on. The sub equent winter 
quarters were in an Francisco, Wa hington , and New 
Haven. After completion of the field work the final 
report was prepared in New York. This r port con
tained Emmons' fir t scientific publication the mo t 
noteworthy of which wa his part ~n volume 2, " De
scriptive geology." The manuscript of thi olum , 
by Emmon and Hague, was pre entcd to King in 
J anuary, 1 77 , and the book wa i ued early in 1 7 . 
It contains 90 pages. The companion Yolume of at
Ja map and cro ectioru was printed in 1 76 . Upon 
completion of the report Emmon resigned to attend 
to personal matters. It was that 10 years of training 
i n descriptiYe geology, as he practiced it, which enabl d 
.him to deal sub equently with the complexitie of 
Lead Yille. 

The United tates Geological urYey was created 
b y act of Congress on March 3, 1 79, and three weeks 
later the President nominated Clar nee King as i 
fir t Dir ctor. This nomination was confirmed by the 

nate, and on May 24 King took the pr cribcd oath. 
One of his fir t official ac ts ( ugu t 4) was to appoint 
Emmons geologis t in charge of the Rocky Mountain 
diYi ion, with headquarte1 in Denver. The .first two 
lin of his in tructions read as follow : " You will 
deYote the fu t y ar of your admini tration of your 
clivi ion exclu ively to a tudy of t.he mineral weal th 
of the Rocky Mountain ." In accordan·e wi th th e 

in tru ti ns, h wa r que t d to pr pare, wi thout 
d lay , a monograph on th L ad vi lle r gi n. 

In the fall of 1 79 the ne' ly orgauiz d Geologi al 
urvey uod r took an examination of the pr ciou -

m tal iud ustri und r Lhe T n th n u , a a matt r 
of ourtesy to the n u Bur au, and Emmons ancl 

org F. Be 1 r wore pla d in ·harge of th work. 
During th p ri d of preparation for thi work 
King complet d bi plans for th inv igation of ore 
depo it , which he al o placed in ·harg of Emmon 
and B ck r. They had to s 1 ct and ins truct a staff 
of youno- mining eno-in er in the collection of tatistic~ 

and technologi data for th Cen us and at the same 
time organiz and b gin th -ir geologi field work. 
Ernmon began on he geol o-y of Leadville ju t before 
th end of 1 79. 

In pi te of thi double duty, Emmons pushed the 
examination of the geology of Leadville o nergetically 
tha t he wa ahl to clo e his office at the camp April 
1, 1 1, and to tran mit hi "Ab tract of a report on 
t he geology and mining industry of Leadville" on 
Octob r 20 of that year. 2 Publication of the full report 
( Monograph 12 ), which involved a gr· at amount of 
ch mi al and other detailed study, was delayed by 
variou cau e until 1 6. 

The monograph of nearly 00 pag s and it accom
panying atlas ontaining 35 beets of map and sec
tion attracted imm diate attention , not only of geol
ogi t and practical mine workers, but of all cla es of 
sci n tific men. It won for it author an international 
repu tation being received both in Europe and Am r
ica as a work of the highe t order. o ingle publi
cation of he nitecl tates Geological urvey since i 
organiza ion ha. exerted a more b nefi ial influenc 
and . tirnulated more eli cus ion . It · ev rywh r 
arou ed inve tigation of the origin of ore depo· i , and 
similar tudies were prosecuted in other areas through
out the northern Cordillera. 

Emmons's views on the Leadville ore depo its, a 
tate in the monograph, were briefly as follow : Pri ot· 

to oxidation the ore cons! t d of sulphide . of l ad~ il
ver, zinc and iron , which were depo ited by ub tit;:" 
tionfor country rock, mo tly lime tone or dolomit 
but in some places rock of siliceou character. Th 
ore reached the depo its from above as hot aqueou 
olutions at high pre ure. The temperature" as du 

to the depth (about 10,000 feet) and the maamati 
heat of the intrusive porphyries . The water wa of 
met oric origin and derived its m tallic content, per
haps wholly but demonstrably in part, from mass of 
porphyry, which were not nece arily in ju.-xtapo ition 
with the ore. 'l'he principal depo ition took place at 
the upper urfaceof tbe ilue ·carboniferou lim tone. 

E iillilons revisited :Gea ville in 1 7, and dw·ing the 
next three years he studied the geology of the T en
mile, ilver Cliff, Crested Butte, and Denv r Ba in 
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regions. In 1 90 he again vi itecl Leadville, where 
und rground explorations, conduct d with a rapidity 
then unknown in any other part of the world, had 
exposed since hi early study, a vast amount of ignifi
cant data. He began the compilation of a large map 
of the 1mderground workings of the whole region, a 
task in which he had the cordial cooperation of the 
various mine owners, e pecially of . Blow and 
Charle J. Moore, mining engine r , who had b en 
clo ely studying the geologic structure as developm nt 
work progressed. He also· profited by the a i tance 
of Whitman Cro s, who made a petrographic study of 
the igneous rocks of Breece Hill. 

It was evidently Emmons's intention to is ue a up
plementary report on the district, but as detailed 
studie progre sed he began to speak of are urvey of 
Leadville and a revision of the monograph. He con
tinued his studies in the district, as i t d by Cro , in 
1 92 and 1 93 and devoted mu h of 1 94 and 1 95 to 
preparation of the new report, but the scope of the 
work was too gr at for completion by him alone, along 
with his supervisory duties. No mention of work by 
him in Leadville is made in the Director' annual reports 
for 1 96 to 1900. In 1901 her umed the ystematic 
study of the mine workings, as isted by J. D. Irving, 
and the two devoted part of their time during the next 
three years to the work. ro mention of any progre s 
is made in the annual reports for 1905 and 1906, but 
the report for 1907 tated that information ba ed on 
field stu die had been brought up to date and an noun ed 
the publication of Bulletin 320, on the Downtown dis
trict, for which the data were most readily compiled 
and were likely to be mo t immediately useful to tho e 

ngag d in mining. Emmon concluded tills report by 
a di us ion of vi w that had been xpr ed ince 
1 6 r garding th gen is of the Leadville ores and 
that cliff r d with the conclu ion tat d in the mono
graph. H modifi d tho e con lu ion b la ing more 

mpha i on the ultimate d p- eated our e of the 
or s and end d by tating that three qu tion till at 
i ue w re (1) wheth r th ulphide or were originally 
depo it d by m t ori or magmatic wat rs or in part 
by both· (2 ) if by magmatic waters, wh ther th y 
r ach d the it of the depo its directly from b low, or 
indire ly a implied in the monograph; (3) wh ther 
. orne or all of th depo its '' ere formed by contact 
metamorphi m. 

This stat ment of the probl m doubtle s represented 
a tran itionary tate of mind, exp rienc d by many 
g ologi ts who got their early training prior to 1900, 
when th e:ffici ncy of magmatic water a depo itors 
of ulphide ores began rapidly to gain recognition. 
His original interpretation of the tratigraphy and geo
logic tructure remain d unchancred, however, exc pt 
in such detail a the s mewhat more accurate location 
of fault and more accurate d lineation of intru ive 
bodie a r ' a.l Cl by underground workings, and the 

original atla; has to thi day held the admiration of 
all who have con ulted it a a guid to the local 
g ology. 

Progr on the new report continued until Mar h 
1911, when Emmon died. Hi manuscript had be n 
little more than outlined, and the map and ection 
still required much correlation. They reflected, how
ever, there ults of his extensiv tudies of ore depo i
tion and enrichment in veral of the mo t productive 
mining camps of the country. 

After Emmons' death completion of the new rep rt 
fell to Irving, who ch rfully a cepted th ta k, 
althottcrh already o erwhelmed wlth universit w rk 
and the editing of the journal Economic Geology. 
Irving's progress, though interrupted by illness, was 
rapid in 1912 and even more o in 1913 , when his 
entire summ r was devoted to the work and a hort 
visit was made to Leadvme in the fall. Mo t of his 
manuscript and illustrations were prepared in that 
year. During the same ear G. F. Loughlln tudicd 
the newly developed oxidized zinc ores, and arly in 
1914 he transmitted a paper on them as a chapter for 
he new report. In HH3 and 1914 F. B. Lan y made 

careful tudies of the microstructure of the ulphide 
ores by m ans of the metallographic microscope. 

orne of his results have been available to the pl·es nt 
au hors, but no complete report of his work has been 
transmitted. 

Little further progr s on the report wa mad by 
Irving after 1914, and just before hi departure for 
Fr .bee in 1917, a a captain in the Engineer ' regi
ment in the American Expeditionary Force, he tran -
mitted a rough draft of it, whi h lacked ertain 
important data that had been mad available since 
his last vi it to the district. Owing to the diver
sion of the Geological urvey's activities to war work 
and to the length of time that would nece sarily elapse 
before the report could be completed and publi heel, 
the chapter on the oxidized zinc ores wa i sued epR.
rately in 191 a Bulletin 6 1. 

Irving' untimely death in France in 191 left the 
completion of the report to Loughlin, who e field work 
in Leadville and whose general review of the work 
with Irving in 1913 made him the mo t available to 
inherit theta k. Loughfu visited the di trict to study 
new developments in 1919 and 1922, but his admini
trativ duties prevented devotion of consecutive time 
and thought to the report, and it was not transmitted 
for publication until 1925. Th re ha been some 
compen ation for the delay in that cflrtain structural 
data of critical importance in the interpretation of 
economic problems were not brought to light until 
after the resurvey was w ll advanced. 

orne reader will regret that the re urvey ha not 
extended beyond the limits of the area represented by 
the topographic map of the Leadville mining district. 
This regret i justified, but uch an exten ion would 
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have taken considerable time, and after the long d lay 
in completion of the new report, it eems bett r to 
make the report available in its pre ent form , with the 
hope that it will serve as a basis for d tail d tudi 
in the urrounding area. 

The text as it stands ha be n written almo t wholly 
by Irving and Loughlin , but the fundamental nature 
of the work don by Emmon in preparation for th is 
report i recognized by recording him as the senior 
author. 

Besides the field \ ork done especially for thi report, 
a study of the Pleistocene geology of a region including ' 
the Leadville mining district was made by . R. Capp 
and published as Bulletin 3 6. Capps's descriptions 
and conclu ion::; are incorporated in chapter 2. In 
191 J. B. mpleby made a brief vi it to the manga
ne e deposits of Leadville in connection with investi
gations of war minerals, and some of hi ob ervation 
are referred to in chapter 11 . 

C. W. Henderson , in charge of the Un ited State 
Geological Survey'::; Denver office ince 190 has been 
gathering statistic~!, hi torical, and other information 
on the Leadville district and has been of much help in 
th preparation of the report. . The chapter on pro
duction, history, and development is largely his work. 

A work of this kind is po ible only through the 
cordial cooperation of the mining companies interested 
and of public and private individuals in possession of 
valuable information. To name tho e to whom the 
United States Ge<;>logical Survey is indebted in con
nection with this report would require the listing of 
practically all the mining companies that have en 

• 

active in th district since 1 6 and many of their 
official , who spar ed no effort in r nd ring all pos-
ible ervic . Th maps nod other illu trations, near

ly all based on data furni heel by these men , consti
tute te timony of the g neral wh 1 -h rted support 
giv n to the work. To all who ha e hared in the 
work acknowl dgmont is grat fully made. Irving's 
incomplete manuscript ontaine l a m morandum to 
add personal a I n wledgments, but he had recorded 
no names. Loughlin ha also b n fited from some 
whom Irving had in mind, ·but his acq aintance and 
the cope of his work have been so. sma compared to 
those of Emmons and Irving that no ade uate acknow
ledgment to those who have been them t helpful in 
the preparation of this report can b made. Specific 
assistance i acknowledged in te,·t or footnotes. The 
many who have helped Loughlin in hi study of the 
oxidized zinc or ar mention d in Bulletin 6 1. 
Hi vi it to Leadville in 1 19 wa made at the ug
gestion of Philip rgall , who g ologic ob ervations 
had brought to light some interesting f cts regarding 
the structure and ore bodies expos d in the Graham 
Park area and in the Tucson min , in Ir n Hill . Hi 
recent work was al o particularly aided by George 0 . 
Argall and Frank Aicher , of the Ir n ilver Co., John 
Corte!~, W. F. Page, Ge rg Cram r , J. M. Kleff, 
and Ru sell Paul and A. H. Buck, of the Empire 
Zinc Co. 

The authors ar indebt d to F. C. 
United tat G ological urv , for hi 
detailed critici m of the manu crip . 

lkins, of the 
very helpful 



PART I. SUPERFICIAL FEATURES 

CHAPTER l. GEOGRAPHY 

LOCATION 

The city of Leadville is in Lake County, Colo., on 
t he western flank of the Mosquito Range, at the head 
of the Arkan as Valley, in longitude 106° 17' 30" and 
lat itude 39° 15' north. The courthouse, iu t.he center· 
of the city, is 10,150 fe.et above ea level. 

The exact location of the Leadville minino- district 
is indicated on the accompanying outline rna; of Colo
rado (pl. 2). The haded area surrounding the city 
indicate that overed by the pecial map of the minino
<li trict (pl. 13) . This area i her inaftcr referred t~ 
simply a the L eadville di trict. The larger haded 
area indicate that covered by the Mo quito Range map 
.of the Leadville monograph and the T enmile folio , 
which are reproduced in Plate 11. 

TOPOGRAPHY 

The roo t triking feature in the topography of the 
Ro ky Mountain in Colorado i the fact .that they 
eon i t of two approximately parallel rang , eparated 
by a eries of broad mountain valley or parks. The 
ea t rn range, the Colorado or Front Range, ri es 
.abruptly from the Great Plain , which li e along it 
base at an altitude of 5,000 o 6 000 feet above oa 
level, to its cr tat 13,000 to 14 000 f et. It is deeply 
sc r d by narrow, ortuou O'org ·, worn b · m untain 
str ams, who lear wat 1 fl w ou up n the plains 
and nr ab orb d in the turbid cuiT >n of Platte and 
Arkn.n ri 1 . Th tr nd f th rano- i due north, 
.and i highe t portion ~ ar roo tty included within t-he 
boundarie f th ate, b yond which at ach end it 
b com gradually l wer and di appears a a topo
grnphi f a ur b n ath th plain . We t f thi ran a 

li the mountain ,~allor of orth, Middl uth and 
an Lui parks, in olorado and the La rami . Plain , in 

Wyoming, a h of which i almo t compl tely encircled 
by mountain rida , though each ha di tinct topo
graphic f atur of it own. 

B y nd th parl· on the w t and parating th m 
from the b in of lorado Ri er, i th Park Rang . 
I ha by no m an the regular structure of the Colo
rado Range, but i made up of a ri of hort range 
<lll e0helon, fr m whi h off h o onn t wi th the 

o:lorado Rang and pnrat th park ba in . In the 
lat1tude of Lead ille this we tern uplift con i t of two 

eli tinct rang , the Mo quito Rang - caU d tho Park 
Range in the Hayden atlas of 1 77 , probably b au it 
forms the boundary of outh Park- and th aw t h 
Range, ' hich forms the watersh cl be ween the Jan
tic and Pacific waters . 

The Mo quito Range i a narrow, traight ridge 
about 0 miles long, tr nding a little w t of north, and 
ha an exceedingly harp cr t clu to the clev lopm nt 
of glacial cirq u . 

The awatch Rang , on the other hand, i a broader 
eries of rna~ ive oval mountain and la ks th ontinu

ou ridge tructure of the 1osqui o Rang . In thi 
re p ct, as in its compon nt form ation , whi h have 
de ermined its topoaraphi form, it r cmble the olo
rado Range. The culminating points of a h range 
have a r markably uniform altitude of abou 14,00 
feet above a level. 

Betw en the t> o ranges li the vall y of the upper 
rkan a , which xtencl ou hward for 60 mil and is 

about 16 mile in width, measured from the cr 
its bounding ridge . From the outh end of thi 
Arkan as River, after re eiving the waters of the outh 

rkan a , bends harply to the a t and cut through 
the southern continuation of the Mo quito and olo
rado range in deep canyon , h a tern one w 11 known 
to touri a th Royal Gorg .. 

bout midway in the upper rkan a \alley the 
pre ent bed of the tream i confin d ' i th in a narrow 
ro ky canyon, called Gra,nite Canyon from he prevail
ing rock of the urroundina hill . Both above and 
below thi canyon the foothill of the borderina ranges 
recede, leaving a valle bottom from 6 to 10 mile~ in 
width. But little of thi area i oc upied by alluvial 
oil it urfac on i tiug mo tly of aently lopino-, 

gravel-covered t rrace . Above Granite Canyon the 
valley for a di tance of 20 mile i remarkable for it 
breadth and traightne and for the peautV' of its land
scape. In the center of thi ba inlik portion i a 
relatively wide tretch of meadow land imm diately 
ad joinioo- the river, on ach ide of whi h me alike 
bench lop g otly up to the foothill , 3 or 4 mile~ 
di taut. 

On the upper dge of one of the e terraces, on th 
east ide of the valley i the city of Leadvi.lle. From 
the north bank of alifornia Gulch it extend along 

5 
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the w t. ba e of arbonate Hill to the valley of the 
ast fork of tho ukan a , covering with it re tangular 

sy tern of treet an area of about 1 ~ squar mil . On 
the hill slope immediately abo and thence ea. tward 
to Ball Mountain are the mine that onstitute its 
wealth. 

Two views of the ity of L adville accompany his 
report. One tak n from tho west in 1 0 i. hown a 
Pla. e 4. It constituted Plate 2 of the Leau 'ille 
monograph. These ond, taken from the a tin 1912 
by B . C. Gray, forms Plate 1 of th pre ent report. 
These views not only erve to how the gro\ th of the 
city a outlined in chapter 7 but give to the reader an 
idea of the north-south mountain ranges t.hat border 
the two sides of the Arkansa VaHey. Plat 3 and 4 
show the peaks of the Mosquito Ranae toward' hi h 
the hills and val ley of the Leadville di trict gradmtlly 
rise. In Plate 1 the lofty summi of th awatch 
Range ar een behind the town and aero the vall y 
of the Arkan as. On the left app ars the harp um
rrilt of Moun t Elb rt; and next on the right, imm di
ately abo e the smok of the A.rkan a Valley rn lter, 
ri e the great bulk of Mount Ma iv . Farther north 
are the top of Home take P eak and the eli taut urn
mit of the Mount of the Holy Oro s . On tho extr me 
right and relatively n ar the ob erver is Mount Zion, 
on the ridge that intervenes between the East Fork of 
the Arkan as River and Tennes ee Pass. 

As Emmons remarked, tho Mosquito R ang is in an 
alpine reaion where carcely a point i les than 10 000 
feet above sea level. Its most prominent and triking 
features, shown on Plate 8, have resulted in large 
mea ure from alpine glaciation. Its sharp crest runs 
nearly north and south, eparating the broad valley of 
the Arkansas on the west from that of the outh 
Pla tte n th ea t. Th ridge that xtend outward 
from thi rlivide havo harp, narrow summit , which 
gradually become more rounded both ea tward and 
westward from the crest of the range. 

Betw en the ridg on both sides of the range are 
gulche~ that head in broad cirque , bordered by teep 
or even precipitou rock walls, which rise from 1,000 
to 1,500 fe t above th floors, the change from floor to 
wall in orne heing very gradual and in others rather 
abrupt. The e cirque are due to the gradual crest
ward erosion of the gathering field of the glaciers that 
once occupied most of the gulches. Several small 
lakes occupying the bottom of cirques are shown in 
Plate 8. The cirques on the west side of the range 
are mailer than those on the ea. t ide, where the ero
sive action of the individual glaciers was more intense. 
No cirques are seen within the Leadville district (pl. 7). 

Where the range connects with the lateral ridge 
that form the sides of the cirques, roughly triangular 

rna of ro k , all c1 "dr ika.n t r " (three-cornered) 
by the wi , have be n loft betw en th cirque . 
The e triangular rna o form the harp prominent 
peaks of the range at al titudes of 13,300 to more than 
14,000 feet. One of th more p rfoct of them is 
Mount heridan. orne of the others are Weston 
Peak, Mount herman, Gemini P eak , Dyer Moun
tain, Mount Buck kin, and Bartl tt Mountain . At a 
few point th ridge betw en th triangular peak 
nears other peaks of the fir t ord r , notably Ptarme
gan P eak, Hm::s ho Mountain, Mount Evan ·, P eer
les Mountain, Mo quito Peak, and Mount.Arkansas. 

Mo t of the principn,l gul h of th range have in 
their upper portion tho broad U-shaped cross sections 
characteri tic of glaciated all r. One of these, 
Empire Gulch, which i outh of the Leadville mining 
district, i hown in Plate 5, A. There areal o a few 
unglaciated gulch of V- hapcd ro ection, of which 
California Gul hi an example. ( ee pl. 6.) 

We tward away from th range and b yond the 
gathering ground of heglaci 1 the wide-floored cirques 
and harp ridao~ ai way gradually to th narrow val
l y and round d hill charactori ic of ubaerial ero
sion. Th low r lop are flank d by morainal ridges 
d po i tecl along the border of tho glacial valley _ 
The e moraine incrca e in ize toward the we t until 
th y become high ridges whi h form con picuous fea
tures of the topography. uch are the north lateral 
moraines of Evans and Iowa gulch , which are shown 
on Plate 7. Th e ridg , being compo ed of loose 
debris , are nowhere precipitous, but their lin ar form 
i striking, and they ri e in plac 300 feet or more 
above the bottoms of the glacial \alley which they 
border. They are de cribed more at length in chapter 
2 (pp. 13- 15) . 

ti ll farther wes t, toward tho A.rkansa Valley, the 
hills sub ide, the morain terminate, and th sur:fa e 
con is of broad flat-topped mesa or terrae !'< with 
gentle westerly lope. These terrace are floored with 
gravel, the outwash from the glaciers that one occu
pied the valleys of the we tern slope of the range. 

The area repre e ted by the map of tho L adville 
district (pl. 7) contain parts of each of these tlu· e 
topographic zones . In its ea tern part the gul hes 
are U shaped and strongly glaciated; in it middle part 
they are narrowing and partly flanked by moraine ; and 
its western part shows a beginning of a gently loping 
terrace of outwa h gravel. On the north is Little 
Evans Gulch, an intermittent stream course which runs 
between the north moraine of the Evans Gulch glacier 
and the bedrock surface of Prospect Hill. outh of 
this moraine is Evan Gulch, which extends westward 
nearly parallel and clo e to the northern edge of the 
area. On the southern border of the area is the north 
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wall of Iowa Gul h. Between the e two i a broad 
divide of undulating character topped by knoll-like hill . 
It i interrupted by the deep unglacia ted, V-shaped 
California Gulch and by the mall ea t-west depre -
sion of tray Horse Gulch. 

Locations in the Leadville eli trict are commonly 
reJerred by tho e familiar with the ground to certain 
famous "hills," he chief of which are Fryer Hill, 
Yankee Hill , Little Ellen Hill, Carbonate Hill, Iron 
Hill, Breece Hill, Rock or Dome Hill , and Printer Boy 
Hill. Othe1 , uch a~ Canterbury Hill and Long & 
Derry Hill , are beyond the limits of the Leadville dis
trict and are little more than rounded knoll that cap 
the divide b tween the everal gulches mentioned. 

The summit of Fryer Hill is only 40 feet above the 
bed of Little tray Horse Gulch. Yankee Hill is 
relativ ly well defined, its outhwest lope ri ing 100 
to 200 feet above he bed of tray Hoi. o Gulch and 
its north rn slope rising 340 feet above th bottom of 
Evans Gulch. Carbonate, Iron and Breec hills ri e 
succ ively eastward a lliptical knoll with north
south major axe , capping the broad rido- between 

tray Horse and California gulche . They are epa
rated from one another by northward and outhward 
sloping gulches which head in flat addles, locally 
called " parks. " 

Carbonate Hill has a low, rounded ummit 2 600 
fe t long in a north-south direction and about 00 
feet wid . It rises steeply 430 fe t 1_1bove the city of 
Leadville and slopes graduall on the ast to the 
saddle of Graham Park, 60 feet below its ummit, 
which eparates it from Iron Hill. On the north it 
merges with the morainal topography of the tray 
Horse Ridge, but on the s6uth it lop teeply to 
California Gulch. It may be een in the eli tance in 
Plato 6 on th extrem left. 

Iron Hill is ery imilar to arbonat Hill in hape 
and ize but lope even more abruptly to alifornia 
Gulch. It i eparat d from Yankee Hill by tra 
Horse Gulch and from Breece Hill by the addle known 
a d laide Park. n idea of th b ehi e hnpe of 
Iron Hill may be gained from lat 6, which how 
likewise the mine dump , railroad cut , and road that 
extend around its steeper lope . 

Br ece Hill (pl. 6) is the name given to the very 
broad should r of Ball Mountain, the highe t point in 
the Leadville district. It lie east ofiron Hill and epa
rate Evan Gul h on the nor h from California Gu lcb 
on the outh. Its summit may be con idered to be 
at the fiat area around the Ibex No. 5 haft. On the 
northeast Breece Hill lope abruptly to the broad 
bottom of outh Evans Gulch, which once held a lobe 

of the Evan gla.ci r. On the outh it i border d by 
the teep slop of California ulcb and it bran he . 

Little EJJ n Hill is a harp well-defin d ro1.whly 
triangular bill lying northw ~ t of We t D 7 r Mouu
tain, between the Evans and outh Evans 1rque . 
Only it ·westerly spur is ho' n on the map of the 
Leadville eli trict. 

The term Rock Hill is appli d to that portion of 
the ridge beh con Iowa and California gulch . 1 ing 
outh of Carbonate and Iron hill . s there i no 

knoll or eminence to mark th xa t po ition, it must 
remain a vao-ue term. \. knoll that li s farth r a t 
on th am ridge is known as Print r Boy Hill. 

The extr me vertical rang of th topographi I a
ture ~hown on the map of tho Leadville district is 
3,560 feet. The lowe t point i at Bucktown, on the 
southwe t, and the high tat the ere of Ball Moun
tain, on the a. t. A the extrem diff r nee in alti
tude between the Mo quito Range on the ea t (not 
hown ) and the Arkansas aU on tho w t i 4 40 

feet , nearly two-third of the rise from vall y to moun
tain is included in he gen ral upward lope of the 
rang ' ithin th area mapped. 

DATUM FOR ALTIT DE 

During the first urv y of th L adville eli tri , 
according to Emmon , 1 th datum point from whi h 
the le' 1 of the map of Leadville were r ckon ~ wa 
the threshold of the Fil t ational Bank, at the outh
east corner of Harri on A nne and Ch tnut tr et. 

The altitude of thi point, as determined by connection by 
levels with the bench mark of the Denver Rio Grande Rail
road, is 10,135.55 feet; by level with the bench marks of the 

olorado Central Railroad, 10,113 feet; by depre sion angles 
from the top of Mount Lincoln, 10,112 fe t. As a mean, the 
contour pas ing through it is as umcd to be 10,125 feet, greater 
weight being given to the first figure, since the leveling by which 
it wa arrived at wa probably more car efully done than in the 
case of the other two. A level line bad been run from Fairplay 
to the top of Mount Lincoln by the members of the Hayden 

urvey in 1 72. 

The urv y for the new topographic map (th ba e 
of pl . 7 and 13 ) made in 1911, e tablished two bench 
mark on Harrison Avenue-one at the outhwest 
corn r of the po t office with a recorded altitude of 
10 153 feet, and the other at the outh end of the 
courthous , nearly three blocks to the outh with a 
r orded altitude of 10,141 feet , 9 feet lower than the 
corre ponding con tour line , on atlas sheet 12 of the 
Leadvill monograph. The datum for these ben h 
marks i m an ea level. cording to Platt & Kleff, 
civil and mining engineer , of Leadville/ the altitude of 

1 u. . Oeol. urvey Mon. 12, p. 3 (footnote) , 1 
'Letter to 0. F . Loughlin, dated .\ug. 13, 1021. 
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the thre hold of the First a tiona! Bank, referred to th 
bench mark at the courthouse, i 10,115.2 5 feet, or 
9.715 feet low r than th average a ume l by Emmons. 
As correlation of le els in different min with one 
anotller and with the g ology requires con tant use of 
the surveyors' data, recognition of the difference 
between the old and new datum planes is e s ntial to 
ac.~ura y. 

In order to adju t the local min urve a exact! 
a po sible to the ne" topographic map and accom-

panying section , photographic copie of field sheets 
showincr the altitude at hundr d of places in the area 
were supplied b the topographic branch of the United 

tates G ological urvoy and w re u ed. Of the 
larg r map tho Downtown map (pl. 1 ) is figur d on 
the old datum and the Iron Hill map (pl. 22) on the 
new datum. Th Graham Park and Ib x special map 
(pl . 19 and 27) have b n adju ted irr crularly, owing 
to lack of adequate information, an I th0se who use 
them hould bear this fact in mind . 

• 
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CHAPTER 2. Q ATERNARY GEOLOGY 

PLEISTOCENE DEPOSITS 

The Pleistocene or glacial deposits (see pl. 7) are 
of more than pa ing economic intere t, because they 
form so thick a covering over much of the di trict that 
the bedrock surface could be mapped only by the up
ward projection of boundaries, faults , and other feature 
expo ed in mine working . The need of appr ciating 
this fact in exploration work based on the geologic 
map is obvious. Th character and igni.ficance of 
the glacial d posits have evidently been mi under-
toed by some who have unk shafts and driven tun

nels in them. In upper Evans Gulch, where glacial 
ero ion ha · b en mark d, much oxidized and placer 
material ha been r moved and ulphide ore are found 
comparativ ly near the smfa e, but in the we tern part 
of the di trict a great thickn s of glacial depo its hac:; 
accumulated and bmied thoroughly oxidized ore bodies 
to urpri ing d pth . Th e depo its have al o buried 
old channel , som of which have been unexpectedly 
found in mining operation , particularly in the Rock 
Hill area. Displac ment of the old r of the glacial de
po its by r newed movement along fault ha affe ted 
mining operations lightly in the Downtown area. 

The Pleistocene geology of the L advill quadrangle, 
an area of about 950 quare miles, which includ the 
Leadville di trict, ha been described in con iderable 
detail by Capps.' 

Th writCI hav mad fr 
de r.ribing the gla ial f atur 
and i UJToundin . om brief quotation are mad , 
but for tb mo t part thi hapter must b r ard d 
a a ummar of app work, with an laboration 
of detail for ertain plac o p ial in v tigation 
of th Plei tocen g olouy of th L ndville quadranul 
wa, mad b th writ rs, th data oil ted on thi 
ubj ct b ing obtain d incidentall to oth r work. 

Evidence for om modifi a tion of ertain of 
onclu ion ha b n d ri d chi fl. 
onduct d in mine w rlrings. 

GLACIAL STAGES 

The prin(;ipal nts of th Plei tocen hi tory of 
the Leadvill region ar ula ial ero ion and depo ition 
and int rglacial ro ion and d po ition. Th awat h 
and Mo quito rang hav ertainly be n t' ice ub
jected to glacial ero ion and depo ition, and there i 

1 CapPS, S. R., Jr., Plelstoconegeology or tho Leadville quodranglo, Colo.: . S. 
Oeol. Survey Bull. 3 6, 1009. This report was preceded by a short paper (Jour. 
Oeology, vol. 12, pp. 69 -706, 1904). 

evidence of a possible third period of glaciation which 
preceded these two. Very little, however , can be 
learn d of this earliest tage, a later ero ion and glaci
ation have almost entirely r mov d or concealed all 
traces of it. The" lake bed " expo ed in mine of the 
Downtown and Graham Park area ar tentatively 
correlated with it. In the Leadville monograph, and 
later in the Downtown bulletin , Emmon tated it as 
his belief that there bad been two tage of ulaciation. 

The evidence cited for these two tag is the pr -
ence of older and younger morainal material or drift. 
All the boulder in the drift of the earlier tag , except 
those of quartzite, how evidenc of long expo ure 
to weathering and readily crumble wb n struck with 
a hammer. The later drift, on the contrary, i g ner
ally compo d of blui h unoxidized material, and all 
it boulders , both re i tant quartzite and I re i tant 
porphyry ar fre h and ound. The earlier gla iers 
occupied es entially the arne po i ion a tho of the 
late tage-the valle or gulche form d by pr viou 
stream ero ion-and extended from the ga bering 
grounds near the cr ts of the Mo quito and , awatch 
range down into th broad valley of Arkansas, outh 
Pla.tte, and Blue river ~ . The older drift1 therefore, is 
almo t completely O\ r d by the lat r moraine where 
it wa not removed by erosion in the interglacial tage. 
In some place the earlier drift app ar be ide the 
newer covering and affords d finite vidence of diff r
nce in age; in o hers it is e.-xpo ed immediately beneath , 

the lat r drift, and there the contrast between th two 
is very marked. app mentions no trace of the 
old r drift in the Leadville di trict, although he indi
cat one area of it 2 mile to the outh, on the outhern 
lope of Empire Gul h. ( ee pl. .) 

INTERGLACIAL STAGE 

There wa a very long interglacial tage. Capps 
belie hat the time which elapsed b tween the two 
tage of gla iation wa very much longer than that 

which ha oc urred ince the last tage. There is abun
dant evidence to upport this belief in the Lead ille 
di trict. During thi int rglacial tag deep decompo-
ition of rock urfa and exten ive oxidation of 

morainal d po its took place. Though oxidizing cli
matic r.ondition prevail d during till long int rglacial 
tag , little oxidation of ore bodi took place, a the 

oxidation of ore bodi had b en largely completed 
b fore any glaciation occurr d, and the ores were pro
tect d from sub equent oxidation by a ri e in the water 
level. ( ee chapter 12, pp. 249-256. ) 

9 
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GLACIERS OF TJJE LAST STAGE 
11 the larger valle of th Mo quito and awatch 

ranges were occupi d by gla ie1 of the last tag of 
glaciation, and probably also by tho e of th earlier 
stage. These gla ie1 are indicated on Plate 

Fi e glaciers of th w t slope of the Mo quito 
Range lay within the immediate vicinity of Leadvill . 
Th e are li ted below in g ographic order from north 
to south; the figures indicating 1 ngth and ar a are 
taken from Capp . 

Glaciers on u;est slope of Mosquito Range 
--

Length Area Range or altitude (square (miles) miles) (feet) 

East Arkansas glacier _________ 15 20 13,000- 9,900 
Evans Gulch glacier_-- ·· __ - ·· ___ 6 "6 13,000-10,300 
Iowa Gulch glacier-- --------- 7 6 13,300- 9,900 
Empire Gulch glacier _________ 4 3 13,200-10,100 
Weston Gulch glacier _________ 4 4 13,100- 9,000 

All except the East Arkansas glacier were much 
smaller and shorter than those on the east slop of 
the Mosquito and Sawatch ranges. The Evans Gulch 
glacier is th only one whose larger portion wa included 
within the Leadville district. Two other , the East 
Arkansas glacier, near the northwest corner of the di -
trict, and the Iowa Gulch glacier, along the extreme 
southern border, encroached slightly on the district. 
Only the Iowa Gulch and Evans Gulch glacie1 are 
described here. 

lOW A GULCH GLACIER 

The main features of the Iowa Gulch glacier are 
described by Capps, from wliom the following para
graphs are quoted, 2 but certain additional interesting 
features that occur along the north edge of the gulch 
are described on page 15. 

Iowa Gulch contained a glacier more than 7 miles long, which 
extended down to an altitude of 9, 50 feet. The head of this 
gulch is roughly divided into three cirques, which received the 
ice from the west slopes of Dyer 1:ountain, Mount heridan, 
and the Gemini Peaks. The head southwest of Dyer Moun
tain has its walls in the Paleozoic beds, but the valley bottom 
is in the pre-Cambrian rocks. The valley has a well-developed 
U shape, and the bottom is fairly free from talus, except at 
the ba e of the steep walls. The ice in this cirque extended 
almost to the col at the valley head . 

The head southeast of Dyer Mountain is in the crystalline 
rocks and is deeply eroded, though not of a very broad U shape. 
The bedrock is exposed over much of the valley floor, but it is 
concealed by talus at the foot of the cliffs. 

The south head is only a slight reentrant into the south valley 
wall. The entire south wall of the valley, above the lateral
moraine deposits, is composed of fractured and broken out
crops of rock above and of deep talus below, so that the limit to 
which the ice reached could be determined only approximately 

The south lateral moraine begins about 3 miles above the 
terminus and at its upper end takes on a ridge form above the 
high terrace gravels which form the walls of the valley at this 
place. 

On the north side of the valley the drift first appears as a 
covering of the rock wall but becomes thicker to the west and 
locally shows a ridge form. A little below the 10,000-foot level 

1 U.S. Geol. Survey Bull . 386, pp. 92-93,1009. 

the lateral converge to form a terminal moraine, consisLing of 
a large body of drift ly ing across the valley, which i here cut 
into the high terrace . To avoid the highest part of this mo
raine the stream mak a bend to the ou th a nd flows around the 
obstruction. Thi dr if t has a strong, irregular topography, and 
at its highest point it stands about 100 fe t above the stream 
to the south of it. 

EVA GUL H GLA IER 

The de cription of the Evn.ns Gulch glaci r giv n hy 
Capps 3 i quot db low in part: 

Evans Gulch was occupied by a glacier from its head down 
to Leadville, a distance of 6~ miles. Two large cirques and 
one small one contributed fee to this glacier, which had a total · 
area of 6~ square mile . 

The h ad of thi sy tern took its ice from the slopes of Moun t 
Evans and Dyer fountain. This cirque is large and broadly 
U-shaped and is cut down into the pre- ambrian gn iss. At 
its upper end the ea t wall of thi valley rise in an almost per
pendicular cliff below Dyer Mountain. Between Dyer Moun
tain and Mount Evans the divide shows serrate peaks where the 
Sacramento and Evans glaciers have worked their head wall 
back to the crest of the ridge. The lower and more gentle slopes 
of the cirque walls are deeply buried in talus. 

For the upper 2 mile of its course Evans Creek flows to the 
northwest; then it turns sharply to the southwest. orth of 
thi bend there i a mall valley running back to the north which 
was occupied by ice, but the erosion in it was never trong 
enough to xcavate it into a cirque. 

outh Evans Gulch had an ice lobe of some size, but the ice 
here was never very deep or of very great ero ive power. Some 
drift covers ihe lower valley floor, and the talus-covered slopes 
above the ice limit are in contrast with the steeper glaciated 
slopes below. 

The area occupied by the part of thi ice shf'>et 
which lay within the Leadville di trict, as indicated 
by the limits of glacial drift, is shown on Plate 7. 
The ice in all tage of glaciation undoubtedly cov
ered Yankee Hill. Its depth in the main valley during 
the third stage is hown by ections H- H' to 0 - 0', Fig-

1 ure 1. Near the lake nor h of Little Ellen it exceeded 
500 feet. From that point down th valley it de r a d 
slightly in thickne , but oppo ite Yankee Hill it" a 
per hap 400 feet thick. The ice over the top of Y an
kee Hill was very thin, so that the main ma of the 
glacier wa divided into a northern thick portion and 
a southern thin portion, a is hown by the distribu
tion of morainal material ( ection M-M', fig. ). 

EFFECTS OF GLACIATION ON TOPOGRAPHY 
It is certain that the large features of the topography 

of the Leadville district and the adjacent territory 
included in the Leadville quadrangle were established 
in preglacial time, but they were considerably modified 
by glacial erosion and deposition. This has been well 
shown by Capps in the cross section here reproduced as 
Figure 2, which depicts the development of knife
edge divides between cirques at the heads of the valley 
of the East Fork of the Arkansas and Mosquito Gulch 
from a less sharply ac entuated topography. 

Of the two forms of glacial action, erosion has dom
inated in the uplands and deposition in the lowlands. 
Glacial erosion has produced the most striking fea
tures of the topography of the Mosquito Range, and its 
effects are seen in the gulches that extend down toward 

1 Idem, p. 9o. 
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the bottom of the great vall y ; but glacial d po ition, 
b ginning not far from the gathering ground , grad
ually incr ased in amount until in th lowland r ach 
n arly all of the original topography is concealed from 
vi \V und r a heavy mantle of drift. 

GLACIAL ERO IQ , 

The ero ion by the Lead ill glacie1 wa of a two
fold character, including that accompli h d at the head 
of the glacier and that accompli hed along th long 

alley through which the glaci rs .pa ed. Ero ion 
at the glacier h ad re ult d in the formation of te p
walled cirqu at the cr of the mountain rang ; 
ero ion along the valley r ulted in th gouging out 
of their bottom and ide , converting them from a V 
hape to a U hape in cro s ection. 

The exact amount of vall y ro ion performed by the 
glacier within the Leadville di tri t i difficult to e~ti·· 

mate. I t was not uniform in all valleys or in all part 
of the arne \alley but dep ndcd upon the ize of the 
glacier and of the val ley through which it flow d 
Capp 4 by an ingenious phy iographic method , esti
mated the amount of deepening by glacial ero ion in 
certain valley of. the Mo quito and Sawatch range, as 
follow : 

Fe t · FeeL 
Home iakc Valley _____ _ _4QQ I Tenmile Valley ___ ______ 200 
.Lake reek Valley ______ _ 00 outh Platte Valley _____ .. ilOO 
Empire Gulch Valley ___ _ AOO I 

It eem pJ·obable that orne part, if not a. large part, 
of the di c01·dance in depth between the trunk valleys 
and hanging tributary valley i to be referred to greater 
deepening 0n the former by interglacial tream ro ion 
than on the latter. The valley wm·e al o widened by 
glacial ero ion o that in many alleys the quantity of 
mat rial remov d wa very gr a . 

The Evans Gulch and Iowa Gulch glacier , within 
the Leadville di trict, are b lieved by Capp to have 
roded le deeply than those in the valley abo e 

li t d. There are no tributary hanging pr glacial 
valley who e height above the glaciated floor of the 
main valley affords an e tim ate of the amount of 
glacial ero ion ,. but orne light i thrown on the problem 
by a con ideration of the depths of oxidation of the 
sulphide ores . At the foot of the quartzite e carpment 
that forms the south wall of South Evans GuJch above 
the t. Louis mine unoxidized sulphides have been 
found in the Little Bob, Louise, and Gold Ba in shafts 
at depths as slight as 40 feet from the bedrock sur
face, and the average for the e shaft (about 200 feet) 
i le than one-half of the u ual depth ( 450 to 500 
feet) in the Leadvill di trict. Comparison of these 
figure sugge ts that as much as 250 to 300 feet of ox
idiz d material may have been removed by glacial 
erosion; but, as oxidation may not have proceeded o 
rapidly in South Evans Gulch as to the south and we t, 

• U. S. Oeol. Survey Bull. 3 , pp. 11-12, 1909. 

1 150 fe t is a more mod rate timate. Uowan f r 
oxidation ince th 1 t alaciation would not r duce 
thi figure appr iably. Th confiauration of th val
l y at this point (a hown on e tion 2, fig. 1) like
wi suggests that it wa cut down about 100 to 150 
f et by glacial ro ion. 

An exc llen t idea of th on figuration of uth 
Evnn Gulch may be obtain d from e tion J- J', of 
Plate 16. The glacier h r probably had gr at ro iv 
po' r, owing to tho po ition of Breec Hill. Th i 
crowded again t the ou th id of the all y, wh r the 
hill projeot.ed northward into the gla i r 's path, and 
therefore cut mor d eply into th outh wall than 
el wher . 

V ry little tream er ion ha occurred s in th eli -
app arance of th la t glnci 1 Many ob rvations 
in the rock all y led app to on lud that the 
amount of uch ro ion i trivial, and that only in 1 cal
iti where te p gracli n or loo en s of mat rial 
have furnished x eptionally favorable ondition is 
th depth as much a 20 or 30 feet. For xampl , 
gulch a. mu h a 30 f t iu depth cut h high t rrac 
gravel. 

Certain V- haped valley in the Lcadvil1 
ha e b n regard d a due to postglacial ro i n. 
of them aT hort, how v r and none of th m xtend cl 
sufficiently far up on the lopes of th rang to r ach 
th altitude nee ary for gla i r formation. trik
ing e--xample of thi i alifornia Gulch (pl. 5, B ), which 
i V haped, not becau it i due to po tglacial ero ion 
but becau e it nev r held a glaci r. It i highly prob
able that her wa a minor preglacial \alley in bedro k 
along it cour~ , but th pr nt gulch wa ut along 
the boundary b tw n high terrace gra v I and the bed
rock of Iron and arbonat hills. The relation of the 
depth of ero i n to th 1 1 of oxidat-ion indicate that 
much of th utting w a compli hed during the last 
tage of glaciation. The ulphide ore in alifornia 

Gulch oppo ite Iron Hill have been found onJy 125 
feet under the urfac , and thi relatively light depth 
of oxidation appmu to incli(;a.te that the ro ion was 
a complished more recently than the interglacial tage 
prior to la t tage of glaciation. 

GLACIAL DEPO lTIO 

Under the head of glacial depo i are included (1) 
tho e which have been formed by the accumulation of 
drift or rock material carried by the ice and deposited 
along the sid , at the bottoms, and at the lower nds 

, of the glaciers; (2) the outwash material that has 
been carried down into the rka.nsas Valley by water 
from the melting ice; and (3) accumulations of water
laid clay and sand which may have been formed in 
glacial lakes but whose origin is obscure. All these 
cla es of material are present in the Leadville district 
and form con picuous features of the geology and 
topography. Their distribution is shown on Plate 7. 
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For the sake of clearness they may be classified a 
follow : 

Moraines, or accumulations of debris carried by the ice: 
Lateral mora ines. 
Medial moraines . 
T erminal moraines. 
Ground moraines. 

Glacial outwa h deposits: 
Low terrace gravel. 
High terrace gravel. 

" La ke beds" of doubtful origin and age (late Pliocene 
or early Plei tocene) . 

Of the e even groups the fir t five are the result 
of the last stage of glaciation; the high terrace gravel 
i due to the pr ced ing stage; and the lake beds are 
overlain by the high terra e gravel and may be the 
r ult of depo ition during a still earlier stage. 
the glacie1 of all tao-e occupied the ame vall ys or 
gulch theiT depo iu were u bjected to vigorou 
tream ero ion during th interglacial tages, and a 

considerable portion of them have been removed. 
uch depo its of the earlier tages as r main within 

the gulches are usually covered by the moraines of the 
latest stage, and only in a very few places , where the 
earlier glaciers extended farther than the late t, may 
they be recoo-nized. It follows that the only con pic
uous morainal deposits are tho e of the last tao-e. 
They will ther fore be de cribed first . 

MORAINES 

A ground 

moraine co,cr the lower half of Evan Gulch, and an 
extensive terminal moraine li aero Evans Gulch in 
the vicinity oi Fryer IIill. (, e pl. 7. ) 

All these moraine aresimilar in compo ition. Th y 
con i t of an aggregat of material of all siz an d in
clude many subangular and riated boulders. Large 
boulders me relative} uncommon though they appear 
in con iderable numbers in ·om pla e . Fine material 
is u ually abundant. 

MORAINE OF EVAN G LCH GLACIEU 

Lateml moraines.-Of the la teral moraine~ the north 
moraine of E vans Gulch i the mo t con picuou . I t 
forms a long r idge which e ' tend from th northea. t 
corner of the Leadv ill e di trict for more than 3 mile . 
It eom e i southwestward to a poin t oppo ite th 
mou th of outh Evans Gulch , where it bulo-e outh
ward and then extend westward until it m rge ' ith 
the terminal moraine thr -quarters of a mile north
nOI·thea t of Fry r Hill. The outh lop of th i mo
raine ri es abrup tly from the bottom of Evan Gul h 
for 100 to 300 fee t . The north lope, towa.rd the rock 
wall of the valley, i neith r o high nor o steep. The 
urface of the moraine i pitted "i th many in gular 

depres ion or kettle holes and ha the hummoch.ry 
topography typical of moraine . At its ea t end the 
crest of the moraine i ingle and relatively harp· 
but it broaden we tward, becomes lower, and in orne 
place i made up of a erie ' of irregular but gen rally 
parallel ridges . 

The depth of the morainal material, as e timated 
with considerfLble accuracy by projecting the ro k 
slope of Prospect Hill to th bottom of Evan Gulch, 
range from 120 to 225 fe t. R la tively few haft~ 

penetrate the moraine and enter bcdro k, a th re is 
c mparu.Li 1 liLLl to encourage xtonsi e explora tion 
along its cour. e. o far as known only two hafts, 
the Abe Lincoln and Little Roo ier, have been unk 
through i thicke t portion . In the Little Hoo ier 
haft the moraine wa 120 feet thick. M any t unnel 

ha e be n dri en into it for con iderable distance 
without ncountering bedrock, appar ntly with no 
lear knowledge a to it morainal nature. 

Li ttle E van Gulch owe i existence entir ly to 
thi moraine, marking the boundary between the mo
raine on the outh and the bedrock m:-iace of Pro pect 
Mountain on the north. Jear the lower end of the 
gulch the tream has cut 30 f et in to the b drock in 
one place where the moraine h forced it nor thward 
again t th valley wall. 

The lateral moraine on the ou th ide of Evan Gulch 
i much 1 s pronouno d, becau e the relatively teep 
slope of Breece Hill did not afford a cure r ting 
place for loo e material and po ibly al o becau e of a 
small r local supply of rock fragments. Farther w t 
the moraine, though d void of a ridgelike crest, how 
distinctly on the hill slope north of the Pre ident and 
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Ballard min till farth r w t it mak 
ridg ju t north of delaide Park and 
blocked the drainage of tray Horse Gulch, cau ing 
the d lopment of the wampy area southea t of th 
Dolomite haft. B tw n Ad laide Park and Y anl 
Hill th morainal topography i pronounc d, and th r 
ar man k ttle holes, ome of them fill d ' i th ' atcr. ' 
N ar th ea t edge of the Leadvill di trict the Evan 
Gulch glaci r was eparated from th lobe that o u
pied the alle of outh Evan Gulch by the \V lge
like pur of Little Ellen Hill. On tho nor h id' of 
Little Ellen Hill ther i lateral-moraine material 20 to 
30 f et thick at the R urre tion haft ro. 1 and 60 
f et thi k at the Fortune and edalia hai ; but no 
prominent ' r ts are d vel oped, a on the mora in 
farther we t. dme morainal mat rial lie on the 
outh ide of tho hill, but it i in ignifi ant in amount, 

a t.h outh E\7 an lobe wa too mall to build much 
of a lateral moraine. The cr t of Little Ellen Hill i 
fr c from drift. 

The two lobes united about 200 feet ·west of the 
place where there .is now a now hed of the Denv r T 

Rio Grande We tern Railroad, and thence northw t
ward for 2,400 feet th b drock divide is d eply bmied 
by tho m dial- moraine that wa thu built. In the 
vicinity of the ilent Friend haft and east of the ew 
Monarch and Winnie shaft the morainal topography 
is very pronounced. Just we t of the ilent Friend a 
large kettle hole indicates a considerable depth of 
morainal material. u. the hafts unk on this spur 
penetrate thi moraine, and they sh?w that it has a 
depth ranging f10m 20 to nearly 100 feet. Most of 
the morainal debris probably came from the main 
Evan. Gulch glacier, as the gathering grounds for the 

outh E vans lobe were o much le s exten ive. 
The lateral moraines of Evan ulch are shown in 

cro ction lr- H 1 to M - M 1 of Figure 1. 
Terminal moraine.-The terminal moraine of the 

E ans Gulch glacier occupie a broad area who e ea t
ern boundary lie approximately along a north-south 
line through the Pawnolo shaft and who e western 
boundar makes a convex curve, with its most we t
erl y point in about the position of Whale shaft. Its 
north rn limit is ju t north of the Leadville district, 
and its southern limit is in the neighborhood of the 
Robert Emmet shaft, in tray Hor e Gulch. The ex
act limit of the moraine can not be determin d with 
certainty, for the material ov rlies the high terrace 
gravel in its we tern stretche , and the two gravel 
depo its can not everywhere be readily di tinguished. 
On th northeast and outlieast it merges imperceptibly 
intothetwolatcralmoraine , and in theccnteritmerges 
into ground moraine on Yankee Hill o that its eastern 
limit are purely arbitrary. 

The bedrock of Stray Horse Ridge, Little Stray 
Hor e Gulch, Fair·view, Fry r, and Ea t Fryer hilL, 
and th area thence northward o Little Evans Gulch 

i d ply buried ben ath thi moraine, which from its 
humm cky mfac and h pr val nee of boulders may 
be r 11dily identifi d o r a con iderabl portion of it 
ar a. ction LI- LI 1

, -
1 and 0- 0 1 of Figure 1 and 

ctions M-M 1 , -
1

, and 0-0 1 of Pl11t 17 show he 
d pth of the drift, the location of m11ny shaft that p n
trate it, and th configumtibn of th und rlying ro k 
urface. lona th line of ion M- M 1 th t> o lateral 

m raine have nearly conv ra d and left on] a 01all 
ar a at he north ba e of Yank Hill un o r d. 

Yank Hill it lf, al th uah 
ma.t rial on it outh and lower' 
th roo t part of bedrock. It wa. so prominent a ope
graphic f ature, direcLly in the pnth of the glac.i r , 
that it has b n ubj etc I mor to ice r i n than to 
d po ition. orne of the l w r portion of th mat rial 
mappedasdt'iftju tw tofth hill(fig.1 , ection L 1

) 

rna b long to th hiah terrae grav l, for th two an 
not be r adiJy diff r ntiat d and th gravel rna r ally 
extend farth r ea t than i indicated. At h right 
( outh ) end of e tion L 1 th upper material r pr -
ented i b liev d to be ntir lyhigh terracegr11 l u it 

bear the u ual relation to the un l rlying' lak b d ." 
Th.i matter is further eli cw ed on page 1 . long 
the line of ection 0- 0 1

, Fiaur 1, th drift i very thin, 
a it i near thew t rn limit of the terminal m min . 

The drainage of Evan ulch, which formed pa d 
to the south of Fairvi w Hill, \va con id rably di -
placed by the depo ition of th terminal morain . 
the interpr tation of the form r drainage involv a 
con ideration of recent faulting, how v r, furth r di -
cus ion of the ubject i deferred to the detail d d -
cription of local ar as or fault block ( p. 9 ) . 

Ground moraines.- th Evan Gul h gla ier 
melted, the material that lay on it surfa wa J l 
down in a thin he t along the bottom of th vall y, 
where it \vas added to such rock material as had b n 
plucked from the bottom and draaged along b n ath 
or in the bottom of the ice as a ground moraine. The 
two clas of material are not readily di tingui habl 
and are together included under the term ground 
mora me. 

Erratic boulde1 , which occur in uch area as that 
near the White Cloud haft, where the granite ha 
been bared by glacial ero ion, ar to be classed as 
ground moraine. Drift of this kind i illu trated in 
Plat 9, B, and 10, A.. 

SOUTH LATERAL MORAINE OF EAST ARKA SAS GLA IER 

The full extent of the ou th lateral moraine of he 
Ea t Fork of the Arkan a was indicated by app 
( ee pl. ) , only a small portion of it lying within the 
northwest corner of the Leadville district. Owing to 
the great length of the East Arkan as glacier, thi mo
rainei. largerandex endsfarth rw tintotheArkan 
Valley than the morn,in s of Evans Gulch and has h en 
built upon the underlying high terrace gravel for orne 
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distance beyond the west edge of the Leadville district. 
The portion shown on the map forms a prominent 
ridge, ometimes called James Ridge, wruch ha been 
severed into two portion by the main tream of 
Evan Gulch. The broad inci ion made by thi 
stream i about 75 to 100 feet in depth . 

KORTH LATERAL MORAl E OF IOWA GULCH GLA CIER 

The only other lateral moraine within the L adville 
di tri t i that along the north wall of Iowa Gulch. 
This moraine, though le con picuous than that on 
the outh wall, is prominent alono- the outh rn bound
ary of the area mapped, where it ha been built up on 
the high terrace gravel. Its lower or we tern extrem
ity is near the head of Pawnee Gulch. Thence the 
moraine xtends ea twnrd for 1 U miles, forming the 
outh wall of Georgia Gulch. East of tills point it is 

poorly develop d, because tho te p south lope of 
Printer Boy Hill did not afford a ecure re ting place 

re ton bedro k, are hown on Plate 7 by a differ nt 
pattern from the remainder' wruch overlie " lake beds." 
Th city of Leadville i near the upper limits of this 
terrace area. 

There is no que tion that these cl posits of high 
terr11,ce gravel are the result of outwa h from the 
gl~~,cier of an earli r tao-e of glaciation. The cliff r
enee of opinion between Emmon and app in regard 
to th ir origin ha r ulted in part at lea t from a con
fu ion of the gra el wi th the so-ca lled ' Jake bed , " 
which are hown on pages 17- 20 to h a distinct and 
separate formation. 

Capp ' de cnption 5 of the general haract r , age, 
and origin of these terrace f olJows: 

A striki ng topographic feature of thi regi n i the gr at num
ber of high terraces in the Arkansa alley . These are se n at 
their be ton the east ide of the riv er, b tween Ea t Fork [of] 
Arkansas River and We ton Gulch (fig. 3) , but th y extend 
both north and outh of the e limits, a \Yell as to the ba e of 
t he awatch Moun ta in . 

FIGUR E 3.-High terraces outh or L ad ville 

pl. 7 0\ 

GLACIO-FLUVIATILE DEPOSITS 

ITlGilTERRA E GRAVEL 

Th a t id f Lh rlmn sn 
of low, flat-topp d pur 

ri of high telTacc , formerly 
eli ect d by <Yulche. . Wh -n th 

ull y i fring d by 
, whi h rcpre nt a 
ont.inuou but now 

from a eli t.nncc in a north- outh dir tion tb ir top 
are on to b at uniform a ] v 1 that th gul h 
are hardly p r eptibl . Th w tern part of the Load
vWc distri t i oc upi d b. th upp rmo t part; of 
some of th so terrae . Th ir a tern margin , whi h 

Con idered as a uni t, it appear that the e terrace , although 
now cut into by Arka nsa River and it tributarie , are the rem
nants of two great, gently inclined piedmont plains, which x
tend d continuou ly along the ba e of the two great mountain 
ranges and sloped down to join at the valley bottom. Arkan 11. 

Ri,·er had its cour eat the junction of the two lope . 
B tw n the gulche in the terrace there are uneroded , flat

topped ridge , or mesa , which how the original lope of the 
plain away from the mountain . Thi lope range from 3~0 

at the mountain base to 1}/:! 0 a t he river edge. Along Arkan a 
Riv r the flat top of the terrace lope down the valley toward 
th ouLh, parallel to the ba e of the mountain , at a rate of a 
!itt! more than 1°. There are local variation in thi lope, 
how Yer which ar een best at the mouth of the gulche from 
which the grav I came. H re the lope i not that of an in
clined plain, but of a flat fan , the apex being at the mouth of 
th gul h, from which t he urfa e declines toward the periphery 
of t h fan. 

The material that form the high terraces can be een in 
numerou cuts and pro pect hol , and they have a character
i Uc a ppearance wherev r expo ed . They consi t of imperfectly 
. tratif1ed gravel , wi th an occa ionallens of and. The gravel 
are unifonnl coar er toward the mountain and fin er toward 
the river; but even in the axi of th valley the p bbles com
po ing th m average everal inche in diamet r, and the depo it 
include no laminated clay uch as ar laid down in bodies of 
tanding water. Tn Litt le nion Gulch, near rkan a River, 

the gravel have be n cement d into a loo e conglomerate by 
calcium carbonate. 

• Op. cit., pp . 15-1 . 
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The su rface configuration, he topographic relation , and t he 
structure of the terraces seem to how conclusively that their 
material were laid down as alluvial-fan and a lluvial-pla in de
posits and that t he e separate a lluvial fan laid down by r
kansas Riv rand it tributaries grew until a great compound 
alluvial fa.n was formed along the ba e of each of the great 
mountain rang s. The lack of distinct, continuous beds of , 
stratification is characteristic of the deposits of fan-bu ilding 
strcams, .with t heir frequ ent changes of channel, as is a! o the 
gradation from coarse materials at the mountain base to finer 
toward the valley axis, though by no means fine even at the 
lower edg s of the terraces. 

The physical cond ition and the topography of the gravel 
show them to be of con iderable age. uts and shafts 60 to 

0 feet deep how that the terrace materials a re completely 
oxidized to the bottom. Boulders of rather resistant rock, 
which must have been hard and firm when they were shap d 
and deposited, are now deeply decayed. Only the quartzite 
boulders are still fresh and firm. The gravels also show age 
by the ero ion which they have suffered. Great gulches have 
been cut into them. I owa Gulch, the deepest of these, cuts 
500 feet into the e gravels without reaching bedrock. In al
most every place where moraines of the older epoch [stage] of 
glaciation occur the high terrace gravels appear just beyo~ 
them. In many places there is on ly a light topographic break 
between the two, and in the amount of oxidation, in the decayed 
condition of the materials, and in the stage of erosion of the 
surface these gravels agree well with the older glacial drift. 
The upper part of them, at least, was probably deposited 
during the older [second] glacial period. 

But there is po iti ve proof, a ide from the topographic rela
tions and the condition of decay, that the older drift and the 
high terraces belong to about the same period. One mile north 
of Leadville a shaft through the grav 1 howed new drift over
lying the high terrace gravels. Two mile we t of Leadv ille a 
prospect hole showed glacial .drift of the older epoch overlain 
by high terrace gravels . Thus we see that the high terrace 
gravel were deposited before the Ill t glacial epoch, and some 
of them after the maximum advance of the ice of the older 
epoch of glaciation. It is probable that these gravels which 
overlie the older drift were laid down during or soon after the 
retreat of the older glaciers, for the cutting of the interglacial 
gorges in the terraces would have soon made impossible the 
deposition by streams of any considerable amount of materials 
on their tops. 

In addition to the typical development of these gravels in 
the Arkansas Valley, there are similar gravels on the east side 
of the Park [Mosquito] Range. The e lie beyond the moraines 
of the Platte system of glaciers and bear the same topographic 
and structural relations to the older drift of this system as do 
the Arkansa terraces to the older moraines with which they 
are associated. The gravels in the Platte Valley, however, did 
not suffer so mucl.t interglacial erosion and do not show the 
striking terraced appearance exhibited by those in the valley 
of the Arkansas. The gravels in the Platte Valley were doubt
less deposited at the same time and under the same conditions 
as those in the Arkansas Valley. 

The physical and topographic relations of the high terrace 
gravels indicate that the conditions of their deposition were as 
follows: The older glaciers advanced down the stream-developed 
valleys, where the rock was deeply weathered and there was abun
dant talu . Under the e conditions the ice was heavily loaded 
wi h d~bris. To the extraglacial streams, swollen by the melting 
snow and ice, abundant material was supplied by the glaciers 
and by accelerated stream cutting in the unglaciated valleys. 
These streams were normally retarded by the les ened gradient 
at the mouths of the gorges and consequently dropped their 
exces load in the order of the size of the material. This tend-

cncy of Lhe stream to deposit their loads was stimulated by 
the partial obstruction of the rkansas Vall y by the glaciers 
from the 'awatch fou ntain . Possibly lake wer formed, 
but if formed they were shallow and only t mporary, for they 
would have been rapidly filled by the influx of materials from 
the loaded streams. They could not have been deep nough 
for the depo ition of the terraces, because the glaciers from tho 
Lake a nd lear reek valleys never obstructed the Arkansas 
Valley to any gr at height. Thi aggradation of the Arkansas 
Valley by the alluvial depo its of the river and its tributaries 
continued until the end of the older glacial epoch. 

The boundary b tween th high terrace grav l and 
the un overed bedrock in th Leadville district extend 
along th w t slope of arbonate Hill, mak s a harp 
bend around the north nd of the hill and a ro. s Gra
ham Park, thenmak a harp b nd to thenorth through 
the Old Mikado haft, beyond which it disapp ars be
n a th the t rminal moraine of the E ans Gulch gla-
ier. The gravel likewise forms Poverty }llat, but its 

northward continuation i interrupted and con ealed 
by Evans Creek and the south lateral moraine of the 
East Arkan as glacier. The exact boundari b tw en 
the moraines of the la t glaciation and th high te.rrace 
gravels are not clearly defined in orne pia es but are 
approximately indicated on Plate 7. 

In the outhern part of th ar a mapperl th bound
ary of the high terrace gravel turn sharply up Cali
fornia Gul h. It i fairly w ll lefined by n. numb r 
of hafts on Dome Hill , which how rock in place im
mediately adjacent to California Gulch but a d ep 
gravel-filled chann l a li ttle farth r outh. Thi - chan
n l extend ea tward at lea t a far a Eureka Gul h, 
just w t. of which an area of gra el extend northward 
on tne pur above the tephcn haft. Th 
gravel-filled channel, however , cro es the outh rn 
boundary of the Leadville di trict at Eur ka ul h , 
200 to 300 feet south of the Upp r Printer Boy haft, 
and ha been reached by drifts driven outhwo.rd from 
this haft. The gravel filling thi channel is cern nted 
at thi point by calcium carbonate. 

Little opportunity for the study of the material 
that composes the high terrace gravel i afforded by 
. urface ob ervations in the Leadville di trict, but in 
the many shafts that have penetrated the material on 
the west lope of Carbonate Hill, in Graham Park, and 
on Rock and Dome hills, it consists of a loose, irregular 
mass of boulders of all varietie , mingled with sand 
and some clay. Evidences of stratification are slight, 
although here and there sandy layers apparently show 
bedding. There is•now little opportunity for ob erv
ing the character of the material in the working , a 
shafts that penetrated it are now lagged. The mat -
rial i u ually termed "wash" by the miners, who make 
no distinction between the terrace gravel, morainal 
material of the last glaciation, and the coarsely disin
tegrated material that overlies bedrock in unglaciated 
areas . 

The thickness of the high terrace gravel i lea t near 
the western ba es of Carbonate and Fryer hill and 
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beneath the terminal moraine of the E ans Gulch gla
cier. It increa e rapidly w t ward. ( ee ·ections 
A-A' to G- G', pi . 14. 15.) In the. purr drill h ole ou 
Capi tol H ill the dep th i 5ro feet;, which may be nenr 
t.he maximum. The depth vari omewha t on acco unt 
of the concave ur·ac of t.h e bedr k und rly ing th 
" lake bed ," bu t it i prP..ctica ll y ever_ywh r m re 
than 2, 0 feet and will average po ibly 350 to 4r)O feet. 
In thee& terl y tonau that extend up I owa Gulch th 
th ickn rl ren e con !dcrabl . . 

A. lona the. outh bord er of the L ad vill e dd rict the 
northern r dac of thi urav I tongue is pcnet;rate d b_y 
a number of haf t , whi h. h ow tha t I owa Gu lch wa 
formerly much wid er than now. In th e haft " lak 
bed " of varying thickn . a re found , ov rlain by th 
high terrace arav 1, upon which li th e glac: al mora in al 
material of t;hc la t tage of alaci11t.ion . FiO'LT.re 4, 11. 

section through th B "~ i Wilrru lnJt, ho ws th e ol d 
,-alley of Iowa Gul h . 

Bedrock formations 

"LA KE B ED •. , 

haracter and di t1·ib ution . - -·~ n en t;ir ly di tinct; 
formation occm benea th th high terrace gra' l of 
t;h Arkan a Yalley and extenrl eastward in to th e 
L eacl,·ill di t rict. T o this material Emmon gave th 
name c. la ke b eds," a h e b li eved it to h av a cumu
lnte cl in a hr ad glacial lake tha occupied Arka n a 

a lley and had been produced by a clamming of th 
riYer at Grani t by glacial moraine . H did not, 
however . d ignate them as a sepa rate formation from 
th "-' h ·gh terrace aravel. Capp~ m a in tai ned that no 
beds of lacu. t rin n g tn w r C'X po eel in the region, 
hu t the b d in q u tion are fou nd onl y in the ha ft 
of t he L eadvill e d i t rict and, o far a th e wri ternkn ow 
nre xpo ed nowhere a t th e u1-face. It i id n t 
from thi ; a t and from Capp ' d crip t ion t ha t h 
did not e th formation h ere de ignat d '' lake bed . ' 
The nb nee of imila r mate rial b n ath high t rrac 
gnwel on the east ide of the M o q 1ito Rang tend 

t: 
~ 
~ 
() 

~ 

FJo t: nE 4.-:-iorth -~ou t h cross section or ridge between Iowa and alifornia gulches. howing th •t the v !loy or Io:va Gulch origiMIIy extended mu ~h farthe r north . 
It is now fill d with "I ke be.is" nnd high terrace graval. and on t:1e top of tbese is built the north lateral m Jrnine or the Iowa Gulch glacier 

Capp 
terrace 
glaci zn. 
mi nal m 

!.O W T E R RACE OR A \ 'E f, 

no ted in th L earl ville reaion -ccr ta: n low 
compo d of ou twa h uravel from th late t 

u h mat ri a l f the l r-

There i a mall rlep it of low t rrace gravel in 
al ifomia Gulch at the mouth of Eureka Gu lch. I 

t:~as tero li mit i concealed by an old land lide. 
99271- 27t - 3 

to onf. rm Emmon ' in trrpr tation that th " lak 
bed ' w<> r formed in a local lake. 

The mater ial of which th e bed consi t wa not 
ob rvcd at a ny poin t by the '' ri ters, as they cave 
' r.r r ad ily r..nd ar t ificial p nings in them are a t 
once t imb re L Th y w r , however ob rv d and 
f'Xamiued a r full y by Emmons and Jacob in th ir 

riginal urYcy of th e L ead v iii regioo , and h ave al
way b en ea. ily id n t ifi d and di tingui heel by the 

from lle hiah terrae uravel. In orne plac 
nfu d by Emmon and Jacob wi th th 

h iah terra uravcl on a oun t of th failure a that 
tim to und 1 tand th origin of th terrace . From 
a car ful examination of t.h d ription of Emmon , 
however a ; airly corr ·ct id a of the material con ti
tutina t;he e b d may be obtained. H e ay :6 

The fin e t of the bed · co n ' t of a calcart:O u m arl who e 
d v lopm nt c m to bav been ext remely local. The prevail
ing bed a re a loo e fri able ·and~to n e re embling gran ite de
co mpo ed in place, co n is ting larg ly of g ra in of qua rtz a nd 
feld. par, and often omewbat iron tained . 

The only ect ion of " lake beds " made in any d tai l 
in the Down town di tri 't i th a t of th wcrs drill hole, 
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outh of L ad illc, ncar the head of Pawne Gu1 h. 
Thi tion i o-iven below, with th orio-inal d 1gna-
tion of th rome retain d. 

ection of Owe-rs drill hole 

Wa h [high terrace gravel] __________ ________ _ 
Clean and ______ ____________ _______ _______ _ 
Lak bed [probably finely trat ifi ed andorclayj _ 
Porphyry clay [probably poorly t ratified gray to · blue clay] _______ ____ _______ _______ ______ _ 

oar e gravel ____ ____ ___ .. _____________ ____ . 
Porphy ry clay __ ____ _____ ________ _______ ___ _ 

Lime clay [marl]-- -------------- --- --------
Bedrock . 

It appears from this ection that the prevailing 
character of the " lake bed " i that of a :fi nc-o-rained 
and and marl mingled ·with clay. Tha occa ional 

layers of gravel occur in them i not incompatible 
with a lacu trine origin. From de criptions of miner~ 
by whom hafts have been unk it would app ar that 
gravel occurs but rarely in these bed , which con i t 
chiefly of inter trati:fied clay and sand, with only a 
f w layers of calcareous material. That he min r 
hould alway have distinguished between 'wa h " 

(high terrace gravel and morain s) and the underlying 
"lake bed " 1s sufficient to show that the di tin tion i 
sharp and clear. 

Throughout the ' e tern portion of the Leadville di -
trict, where the e materials are present, th y have 
this asil y recognizable character. Emmon m ntion 
a number of places in which exposure w r observed 
at the urfac , notably Little nion Gulch, but from 
hi de cription it i evident that the material there 
belong to th high terrl'l.c grav l and not o th 
bed." 

Th east-west sections on Plates 14- 17 how that the 
morainal material that covers the lak bed ·" deepen 
we tward. As the ea t rn edge of the high terrace 
gravel everywhere overlap the' lake bed ,"no oppor
tunity for their ob ervation at the urface i afforded 
along the ea tern or hore-line limit. Whether they 
do or do not crop out beneath the high terrae gravel 
as they are follow ed toward the w t i not known, 
but owing to the iucrea ingly greater thicknes of hio-h 
terrace gravel by which they are cov red toward the 
w t, it is doubtful ii they emerge from beneath the 
gravel terrace even in the de per gulches. 

Capp , in the d cription above quoted (p. 16), men
tions hafts between 60 and 0 ;eet deep in the high 
terrace gravel. Shaft bottom of such shallow depth 
are usually :far above the ba e of the gravel. Ii the 
"lake beds" have at any point emerged from beneath 
the terrace gravel in the Arkan a Valley, where they 
are cut through by the ea t-west gulches, it i doubtful 
whether the exposure would be recognized, for the 

OY rl ing ()'ravel mu t hav crept down v r th m and 
ob curd th irout rops . . 1or ov r, iti byn m au 
c rtain thnt th -·e particular depo it extend uninter
rupted] to the western limi t of th high t rra a-ray l. 
Th fact that an eutir ly cov r d ba in :fill d with 
them xi t in h Graham Park ar a ( ection , 
pl. 17 · D- D', pl. 14 ; nnd D- ',pl. 20) and that another 
i olaterl depo it b en ath the terminal momin of the 
Evan Gulch glac i r i cut b the Thid T r·m and 

ady· haft (pl. 17, cction 0-0', and frg. 5) uggc t 
that the) may have be n s mewhat local in thei r eli -
tribution. It i po ible, h w v r , that th mall 
bodi ha e b n eparate l from th main depo it by 
fn.ultino- and sub equent ero ~ i n dur ing th int rglaoial 

~0 ~~ 
~~ ~~ 
~~ ~~ 

~-t~~~,~~~~=:~~~~~ifi ~~ 
FtGl'RE 5.- octions of ady and Third Term short s, bowing relative deplbs of 

gravel and "lake b d " 

It has been po ible from a larg number of haft 
ections in which the mat rial of the ' lake b d " i 
harply di tingui heel from that of the high terrace 

grav 1 to d termine with considerable accuracy the 
ea tern limit of the main depo it. th(l " lake 
bed ' are entirely cover d by lat r d po it , they 
are indicated on Pia e 7 a if e n through th high 
t rrace o-ravel. The ea t rn limit xteud uth
ward from a point b yon l th north edg of the a.r a 
mapped , pa · w t of the EJo-in m lt r and nearly 
o th D lant hnft, b nels a tward, nnd follow uo 

irregular cour e clo to the a t city limit of L adville 
a far a tray Hor e Gulch. It th n curv around 
the w tern lope of Carbonate Hill, pa e beneath 
California Gulch, and curv ea tward beneath the long 
we tern lope of R ock Hill where the witzerlaod 
sh9.ft (L-12 , pl. 7) penetrated 9 feet of "lake bed " 
overlain by 25!) f et of high terrace gravel. From 
this point it extend ea t by outh p t the R iod r 
.an.d uUivan h!l.ft and b yond the . outh boundary 
of the district, and it further extent i not known. 

The thickn 3 of th , " lake bed " increase rapidly 
from their ea L rn m rgin to a m!l.ximum of 4 feet 
in th Prindle and Thomp on haft' , beneath th mo
raine of Iowa. Gulch glacier. The average thickness 
a di. clo eel by Downtown h ft i perhaps 400 feet. 

Of the two outly ing areas of " lake beds" the one 
beneath Graham Park is of particular interest. The 
" lake bed " here li e beneath a heavy cover. of either 
morainal drift or high terrae gravel' and occupy a deep 
depre sion who~e ea tern border is the rock face formed 
by the Mikado fault. The north, we t, and south side 
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of tho dopros ion arc c ncave. A a whole it resem
ble" a hnl f bowl with it brok n odg again t the 1i
kado fault. The depth of th ' lake bed " and O\erly
ing gravel and the co nficruration of thi d pr s ion may 
be een from ection D- D' Plato 14 and ection 
M-M' and - ',Plate 17. 

The con net between th " lnk bod ' nnd underlyincr 
bedrock ' a uowh r ol> tr\ d b the writer , but 
it h11. boon ufficien tly eli tinct in e' ral place where 
it ha be n cut b haft to make the cle~cripti n fur
ni heel by min ma.nag r:o of om value. \.. a rul it 
i not harply defined. Between bedrock and the 
bottom of th ' h ke b d ' there u ually intervene an 
accumulation f anguln.r fragment of b edro k whi h 
vradually m rg downward in to olicl rock. Many of 
the.fragmonL. o.r much oxidized and d composed . It 
i cl a.drom the e b eTvo.tion th~t the " Jake bed· " 
ret upon a di intecrro.ted rock surfa e which rc embled 
Lhe pr ent uncrlaciated ar a in th preva.lenc of fro t
broken blo k · and that tho depo iti n of the ' lake 
bed· " began o.t the culmination of a loner period of oxi
dation anJ urfa e d ay. 

In many place angular fra.gm n t r bould r are 
reported o hav b en found iu the ' lake beds. " 
'l'h boule! rs w r b li v d by Emmon to have been 
dropped by floating ic - during the time wh nth " lake 
bed ' were b ing laid down. 

Dejonnation.- One of the mo tinter ting and ig
nificn.nt feature of the glacial d po its and pecially 
of the " lnke beds " and the high terra.c gra v l i 
to be found in the effect produced in them by defor
m!l.tion. Thi ubj ct i eli cu eel at con id rabl 1 ncrth 
on pag 5- 6. 

The renew d movement. that hav taken place along 
tho fo.ults at L eadville in relativ •l.r r ec nt tim hav 
fnu lleu Lh• " lu.k• btl ·." Tit• r• ult · nr•mo -L us il.r 
-c n al ng th •a (, rn margin of th main depo it. 

lnt d ar a , may, a alr ady uacrr t d b 
r in par t t uch fnultincr follow d by ro
a tward bula u by th rill Righ t, Fair

VI w o. 4 Wol ott o. 1 Jlu e · Dill n Joll r and 
o. 1 haft lak b d ' 

before the depo ition of the high t rrace grav l. The 
hicrh terrace graYel al o hll.s been affected by ub -
quent movements along the faul urface , but to a 
l ~ degr . 

Ag .-Mammalian r main were found in th ' lake 
beds" in a drif t from the Be · ie Wilau shaft which 
wa dr.i\en from olid rock into th e b d . Th e 
remain fix the appr ximnte age of the ' Jak bed ' 
a late Pliocene or early Pl i to cne. th ' lake 
b d ·· underli e the high terrace grav l and n.n ero ion 
int r val app at" to h!tve elap ed b twe n the tim s of 
their dopo i tion, the " lak bed " mu t b rccrardecl a 
belongina to an a rli r and eli tinct tacr . A Capps 7 

ha found indication of a po ible tage of ;crlaciation 
ant dating the wo well-defin d tacr in thi region, 
it is rca nable to ucrae t that the e " lake bed " w re 
d po ited durincr thi earlie t glacial tacre in late 
Plioc n or early Pl istocen tim.c . 

o:o o: 
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FIG R& 6.- ~Lion tbro .1gh 'l'h1mp;o:1 sh 1ft, sh1whg ·• lake be.ls" raulte.l against 
granite 

Origin.- ·'fhc oricrin of th o-called " lake b d " i 
ob~ ure. Th ar clearly compo ed in gr ate t part, 
of fine mat rial whi h mu t hav be n d po ited in 
qui or v ry lowly moving water. Th y ar more 
r gularly tratifi cl than the high terrae crrav 1, are 
relatiY ly fr e from oncrlom rat and p 'bble and 
ar cparated fr m th high t rra e grav l by an inter
val of ro ion. Thn.t they are a coo iderably older 

' form ation i therefor beyond que t ion. 
It · on eivablo tho.t the glacier' of the fir ·t of the 

thr>e crlaciRl ta.7e3 a app-'s ob' rvation ucrg t 
wer the mo t exten'ive, and that tho 'v in the vi inity 
of Leadvill coale c d in the Arko.n a Valley and 
form d a lo al morainal ob truction, now eroded or 
cov red by high t rra.ce o-rfLv 1, which cau eel a lake to 

' Op. cit., p. 15. 
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form beneath the pr ent city, but the "lak bed ' 
th mselv ar the only direct ugge tion of u h a 
lak . The r lation b tw en u h a lake and moraine 
of h first tage would b generally imilar to tho 
b -twc n the lake flat and moraine of th la t stage at 
Lake Fork, aero the Arkan a ' allc .. from Lead vi i! 
but at a higher altitud which can be only roughly c ti
mat d owing to ub qu nt faulting and ro ion. 

The 14 f ct of gravel inter trati:fi d with clay and 
marl at the Owers drill hole (p.1 ) indi ate that om 
fluviatile dop ition al o took place durin()' tho " lake 
bed " tag . omo of th fin r material may al o b 
interpret d a a lepo it from lowly moving water on 
a n arl r horizontal allu ia l plain, but the marl wi th 
its inclo ed granite boulde:t , ' hi h were ovid ntly 
dropped by floating block of icc, indicate that one 
or more bodies of tanding water >xi ted. 

RECENT DEPOSITS 

LANDSLIDES OR " TALUS GLACIERS" 

Several lar()'e accumulation of l o e rock, called 
' talus glac.iers" or "rock tream , ' o cur in the 
Mo. quito R ang . One of the b t dev I ped i found 
at the head of Evan Gulch (pl. 10, B ) and occupi ~ an 
elongate area, with a billow - urface that h ad
again t the teep talu -covered slop vf the cirque 
wall. I dimension , . t ructure, and urface ugge. t 
that it " fl owed" from the head of the gulch to it 
pr ent po ition. In its O'eneral f ature and clo e 
a ociation with the glaciated topo()'raphy it is imilar 
to the rock tream in the an Juan Mountain of 

olorado de cribed by Howe. uch 
deposi been attribut db omc to th lipping 
creeping, or rolling of the loo e material- moY moot 
imilar in some re pee to tho e of a true glacj r ; hut 

How 's onclu ion, baed on. tudy of a number of 
th e rock tream '"a that the detritu con t ituting 
thorn had " flowed do wn tho \ r. lloj ide or ha in 
floors; not, however at orne u h rate a a glaci r, 
but with a udden viol ot ru-h that ended a quickly 
a it tarted." Conditi n promoting such violent 
ro k falls in ·lude an exec ive join ing or battering 
of the rock, th pre ence of haly bed that afford 
plan of lipping, an ovet teepcning of the wall 
dnring glacial ero ion , and arthquakc shocks that 
may hnve accompanied orne of the r ecPnt movement 
along fault . 

Depo its of talu f omewhat similar haracter are 
pr ent on the north lope f Pr;nter B y Hill , where 

1 

the w01·kings of the Lovejoy and other ha~·t pene
trate exton ive depo it of !ide ro k in concave 

1 Howe, Ernrut, Landslides io lhe • n Juan Mountains, Colo.: U. S. Oeol. 
Sun ·ey Prof. Paper 67, pp. 31-40, 49-53, 1909. 

deprc ion of the h dr k . ur·iac The bnr 
merge ' both north' n.rd a nd ~ ou thward into 
overed talu and i th late. t of v ra l rock lid 

that hav built up the Jar()' d po it indi ated on Plat~ 

7 and in . ction J- J' and I L', P late 16. 'l'ht' t' is 
a imilar but mn.ll cr occurren on th north pur of 
B1'.ll Moun tain . 

T wo older lnnd licles, overed wi th vegetation , ha i'P 
re cn rccognizrd- on jt tea t of th pond·· in upper 
Evan Gulch nnd on at t.he n rLh haso of Prin I ,r Bor 
Hill in alifornin Gulch. The e d po i w r evi. 
dcntly formed iu the ame ' ay a th 'talu O']acicr." 
hut enou()'h earli r to permit oil and VOO'Ctation ·to 
a rumt •late upon th m. 

" WASH " 

Tho e portion o:· th Leadvi ll 

ize , general! from 
inche in d!ametcr. 

ALLUVIUM 

Alluvial dep its ar not cxten iv in th L advill ~ 

di t~·ict 1 .rg l be nu e O'la ial cro ion ha r mo ed a 
great bulk of uch d po i from th northern part of 
the di trict l~Od none f them hav a CUmulated OD 

th lope that forms i we t rn margin. The only 
alluvial clepo i of con eq uence in th L ead ville di -
trict are the gravel depo i that O'athered during and 
ince the last glacial tage in the b d of California 

Gulch, where plarer mining formed o important a 
feuture of th early producti on of the di trict. These 
deposi have been worked over and piled up to such 
a dogr c that it i difficult to how their outline, and 
therefore no attempt ha b en made to de ignate the 
area covered by them on the map of Quaternary de
po it . Very little is known of the detail of placer 
occurrence beyond what wa written by Emmon in 
the Learlville monograph. The placers are now chiefly 
of hi toric interest. 



P nT II. GEOLOGY OF THE BEDROCI 

CHAPTER 3. PRE-CAMBRIA ROCK 

GEOLOGIC MAPS AND SECTIONS 

even map r pre enting b drock geology, ix with 
accompan ing tructur ection , are included in thi 
report. The r,rcr. cover d by ix of the map ar 
hown in outline in Figure 7. Although Plate 11 

Jacks much of the detail pre ented on the local larger
cal maps, it indicat th general o-eologic cond i

tion and broader tructural featur of the r egion, 

I D EDIME T R FOH IATIOl 

A word concerning the ma nner in which the map. 
h ave been compiled i · pcrtin nt. 

Over the larger por tion of the L ead vill e dis trict the 
edim ntary formation ar c oncealed by covering of 

iutrmi c porphyry, o-laciaJ dcpo it and " wash. " 
From the few outcrop of the e formaLion lit tle clue 
i o-ained to the complicat d g oloo-ic ·tru ture whi h, 
togeLher with th configuration of t.he b dro k ur
face, can be a c r tain d on ly by comparison of a va t 

-.... ... .lizrt e 
'·- . ......-··-- -~"ans Gulch 

---- ----···-·r·· ~--+--------! 

oo 

£vans · .. IJ\ 
<:> 

\ ::? 

I ···....__<1'-,_ 

f-""'£;~,-ff:~-1::olr"=--t---r====l=,--------+----!---+--·-"..·· 0~-----il5' 

PLATE I 
··· 0 «tc;,_ 

·-·-··---......... 

PLATE 27 

PLATE 22 
\ '·. \ '· ~·r--~~---+-----~-~--~~--~-------+------~~: ·. ._ 

17' 16' , ..... 

FIG ·nE 7.-Diagram howing Jocnt ion of are.1s rcpr en ted hy geologic mr. pJ 

wh: h cr..n not b ad quat r pre. cnt d within tb 
nr a of th Leadville di tri L an l , knowkdo- of \\hi ch 
i h lpful in an att m1 to und r tnnd th Joe a 1 eon eli 
lions . 

Th mn.p of h L ndvill eli t rict (pl. 13) ha b en 
con tru led in part from rcdu ti n of the mnll er 
very d Lail d map (pi . 1 19 22, 27 and 67) and iu 
part by th di1· ·t plotLing of data on a nl of :10 
ft'et to Lh in h . Th claim hown on Plnt 1:1 wer 
compiled n th top gmphic ba c by F. Edgar Frantz 
in ' tbe w· vey r (1 n<•rnl 's offLC at Denver. 

Tb fiv mall r maps of Iaro-e. cale repr nt the 
compl x Lru tural featur in th owntown Graham 
Pn1·k, Iron Hill , Fryer Hill , nod Brc Hill ar a . 
The d grc of accuracy of th e mallcr map and c
tion i ar nter than thnt of the L advill map , b flU e 
fewer infer n s and as. umption hnve heen nee .. r.ry. 

numb r f ob r nt.ti n, taken undcro-round. The 
accompanyinO' map thrr fore r pr nt he bedrock 
surface a i t ,,·ou ld a ppea r if the cover of urface ma
t ri a l. \\ cr trnnsparf:' nt. thi cov r ran a in th ick
n from a f a.th r eclg nex t to th outcrop to more 
than fiOO f t in the Do' n own eli tri t and ben ath 
th h _a.vi r n1.orain e ' th bP-dro k urface i very clif
f r nt from h J gr und urfacc, whi h i indicat d 
by th ontolll . I t i on th whole much more 
mo . thl. undula tino-. Thcf rmation b undarie on he 

g oloo-i mP.p aJ· ac ordino-ly more reaular than th y 
would b if th bedrock urface cone ponded t0 th 
topoo-raphic Lll-fnce, and in ome place they ext nd in 
dire tion entirely cliff rent from tho that would be 
ugo- ted by th topoarnphy. 

II the g -oloo-ic dnta obtained in nearly all the drifts, 
tunnel , and haft ' of the eli trict wer plotted on a 

21 
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tl fH' et forth in h 
common map of larO' calc. Many cction were .1 u 

mpany mg tab! and 
olumnar t ion , Figure 

made from whi ·h inferences wer draw·n a to ontm u- ' gmphi all in th 
ity of formation , form of in tru ive bodi . faults , and Plate 29. 
oth r tructural f aturc . Wher the ect10n cro d 
one anoth er th e posi tion of formations were heel~ d. 
The aeoloaic con tact d termined in the e ect10ns 
were ~roje~ted up to th e bedrock urfa e and infen d 
connections were made between the poin ts thu fixed. 
The geologic ection are therefor · more accurat ~han 
the geologic map- the r eve1 e of the usual re i~ 100 , 

ina much as geologic maps ar generally ba ed m th 
main on urface ob ervation , from which the under
ground structure i inferr d . 

GENERAL FEATURES 

The country rock of the region around Lead,ille 
include edimentary, igneou , and metamorphic crT tal
line formation . the ]a t included in the pre-Cambrian 
ba al complex .upon whi ch the other formation re t. 

ot far east of the Lead,ille di trict the pre- ambrian 
rocks crop out over large area. and include mica chi t 
and gnei s in to which batholi thic bodie of pre-Cam
brian diorite and granite ha,-e been int.ruded. Bo th 
the gneis and he plutonic in trusive are cut by ap li te 
dikes. Within th e Leadville district thee pre-Cam
brian rocks lie for th mo part buried beneath th 
superjacent edimentary eri and rop out in but f w 
places. Where m in working have penetra ted them 
here and there the in tru ivc granite i the prevailing 
crystalline rock. 

The pre-Cambrian complex i overlain by Paleozoic 
sedim ntary formation , which within the Lead\ille 
di trict attain a total maximum thickne s of 1 600 feet 
and range in age from pper Cambrian to Penn :yl
vanian. Large volumes of intru iv porphyry have 
been inj cted in to the edimcnts, chiefly in the form of 
sills but les commonly in the form of dike and irr O'U- . 
Jar ma ses . orne of the ill are very thick, anrl their 
aggregate thickne i much greater than the original 
thickness of the ed imentary trata. few ma e of 
rhyolitic agglom rate occupy pipelike volcanic con
duits . ~ 

The edimen ts and in tercalated porphyria have 
been -lightly folded and profoundly faulted . The 
dominant faults run nearly north and cause a down
throw to th e we t , and th rocks have in general a low 
easterly dip. A given b erl or ill is therefore met ev
eral tim at nearly the arne altiLude by one cro ina 
the district from w t to ea t. 

0 

Ero ion has cut deeply into the Paleozoic rocks and 
their interleaved porphyrie and in its final sta<Te ha 
b een accompani d and followed by the depo ftion of 
the heavy mantle of Plei tocene formations described 
in the preceding hapter. 

The succession of formations, their geologic age 
thi kness, and lithologic character, and the obscur~ 
unconformities by which orne of them are separated 

PRE- AMBRIAN COMPLEX 

DISTRIBUTION 

Th pre-Cambrian r ks ar xpo ed · at the ur;act 
in two plae within th L a dv ill eli tri ·t. In outh 
Evan Gulch ther i a 1 w d m - hap d xpo ure oi 
pr - ambrian O'!'ani OV 1' whi h th gJa ial ebri ·. 
xtremel :r thin and from \ hich an ov rlyin()' ill « 

' Whit " porphyr y and th aw a ch quar tzi c ("Lower" 
quartzite) dip awa in all dir ti n at low angl . 
Thi dom h11. rough! th plan fan llip , tltC lonoer 
axi of which extend ' not· ·h \ ·t nn tl whi h h avery 
irregular and not V('ry d ' finit ly dct rmin d outer 
margin. I t i r ou<Thly fr m 1 200 to 1,500 feet, in 
diam ter. Th lom on i ts ntir ly of medium· 
grained granite whi h ha' a pinki h olor whNc it · 
not ·bl ach d by th cl compo ing acli n [ urfact 
water . Much of th ro k i markedly por hyritic. 

no ther ob cur"' xp urc f typical gr ani t curs at 
the h ad of. outh Evan ul h · a t oi th railroad oo 
the north lop of Ball Mountain a litt le ea ·t of the 
Ball Mountain fault. 

The pre- ambrian ro k do no t rop ou o ywhert 
lse within th L a lv ill d i tri t , o that their aracler 

mu t be learned from th f w underground workinvs 
that penetrate them and from xpo ur ea t and outh 
of the di trict. In thr area they are b wn b~ 
workings to form th bcdro k urface immcdi1 tely 
beneath the glacial debri or the " lake b d ." Tht 
mo~ t easterly of the e ar a i ou hw t of Yanket 
Hill , along the ea t ide of the iron fau lt. It form · 
roughly that of a narrow cr cent, a.bout 1 300 feet 
loug in a. north- ·outh dir ction and 2 0 fe t wide. 
I t r epr ent the we tern or uptiltccl dge of a fa.u lt 
blo k from which cr ion has r moved the ovcrlytn' 

ambrian quartzite and whi h i now buried b neath 
he moraine of the Evan Gulch glaci r . Th econd 

i a larg emicircular ar a under the north end of the 
town of Leadville. It limit ar not definitely known 
and are mer ly inferr d from vidence furn i hed .by 
the purr drill hole , which nter d granite aft rpos 10 

through " wa h " and " lake b eti . " The third nod 
larg L ar ea is a trian<Tular one lying ea t of the Pend· 
ery fa.ult and we t ~f R venue No. 1 haft, in the 
outhwest corner of the L eadville eli trict. 

The pre-Cambrian granite i also reached in everal 
place by workings that penetrate the over!. ing Pale
ozoic rocks and porphy rie . The exp o ure o fur· 
nished are generally anty, for there i rarely. nor 
ob ject in extending mine workings for any consJder· 
able dis tance into the pre-Cambrian complex exco.pt 
along the larger vein in the eastern part of the .d1

• 

trict. Although mos t of the shafts and other workill~ 
end before reachina the granite the s tructural condl· 

b ' 



Series 

----

Quaternary. 

LEADV!l.LE I ALMA 

Emmons, s. F ., Geology and min· Patton, II. B., Goology and ore deposits of 
Jog IndUStrY of T.eadv!lle, Colo.: tbe Alma dlstnct, Colo.: Colorado Geol. 
U. S. Goo!. 'orve:; Moo. 12, Survey Bull . 3,1912. 
1886. 

[Patton makes no mention of 
any lake beds on the east side 
of the Mosquito Range. Tbis 

to prove the correctness 

--- 0-- 0- ------ ---- --1----------J of 's ~··..---

Qltn tser~J I;t.ry or 
T(•rtiur.' · 

... 
0 

Q)~ 

~8 

~:~;e I _ Gl<~.ciil.l or J,il.ke beds. 

-'---·------------/ I , \hsellt (eroded?). ,--
1 ertiar.: 

Absent (eroded?). 

TENMILE I ASPEN 

Emmons, S. F., U.S. Geol. Survey Goo!. Spurr, J. E., Oeoi%Y o! the Aspen mlnlng 
Atlas Tenmile district folio (No. t8) , district, Colo.: U. S. Oeol. Survey Moo. 
1008.. 31, 1898. 

Tentative correlations of formations in Leadville and other districts of Colorado 

RED CLIJ'I' BRECKENRIDGE CRESTED BUTTE 

Crawford, R. D., and 011>- Ransome, F . L:J. Geology and ore Eldridge, G. II., u .s. Geol. Survey Oeol. 
son, R .t.. Colorado Geol. deposits o! nreckenrldge dis· Atlas, Anthracite-Crested Butte, !olio 
Survey null. 30, pp. 20-42, trict, Colo.: U. S. Oeol. Survey (No g) 18~. 
1926. Pro!. Paper 75, 1911. · • '"· 

Ruby formation : Red, purple, 
and green sandstones and 
shales, with a few thin beds of 
conglomerate or eruptive de
bris; thin basal conglomerate 
with quartz pebbles. 2,500 
feet. 

Ohio Creek formation : Conglom
erate and gray sandstone, . 
200 feet. 

DBN'VER BASI~ liON.lBCII PIKE P!.\K 

Crawford, R. D ., Geology and ore deposi~ I C . . 
of Monarcb and Tomlchl ~tricts, Colo.: 

1
. ~· "~· U. B. Oeol. urvey Oeol. .-l.tlas 

Colorado GfoO!. Survey Bull. 4, 1913. es eall: folio (No.7), 1 !M . 

Emmons, S. F., and Eldridge 
0. IT., Geology or D~over Dasi~ 
1o Colorndo. U.S. Oeol. Surve\· 
:'.1 00. 27, l 96. . 

---------

Lake beds (Neocene and 
cene). 

I 

I Denver formation . 1,450 I 
feet. 

Eo- 1-------------------
1 

Arapahoe forma/.ioll . 00 
feet . 

P.AOLE RIVER 

Ofrty, 0. H ., Carboniferous for· 
mntlons and faunas or Colo
rado: U. S. Oeol. Survey Prof. 
Paper J6,1903 

LEADVILLI!l 

Emmons, S. F ., lrvlog, J .D., and 
Loughlin, 0. F., !.his r&pOrt. 

Iora.incs and low terrace 
gravel. High terrace 
gravel. 

Abs nt. 

-------~---------------------~-----,~--------------------------l-----------------------l-------------~---------------~---------------------~---------------------·1----------------------------'-~nconformity ---------~-----------------------------------------
Laramie f ormation: lay 

------------------

Cretaceous. 

Absent (eroded'?). 

A b ent (eroded?) . 

I 

Laramie fonnation: White sand
stone passing into brown and 
green thi n-beddcd friable 
shaly sandston' i sometimes 
carbonaceous. 500 to 600 feet. 1 

Montana fonnation: Gray-black 
shales carrying thin siliceous 
limestones . About 4,000 feet. I ____ _ 

I ------------·~------------~----------

Ab ent (eroded?) . 

Absent (eroded ?) . 

Ab ent (eroded?). 

!\'iobrara limestone: Gray 
limestone; grade upi nto 
:v.t:ontana formation. 100 
feet. 

B enton shales: Black calca
reous shales. 350 feet. 

c 
0 
:;;; 
al 
e ... 
~ 
0 

~ ... 
0 
0 
0 

Dakota/ormation: :\llassive white 
sandstone with local vari a- ~ 
t ions. 250 feet. 

Laramie formation: uccession 
of sandstones and hale ,with 1 coal beds. 2,000 feet. [ ot 
true Laramie but of Montana 
age.] 

M onta.na formation: Leaden-gray 
sandstones containing lenses 
of Jim tone, also interbedded 
arenaceous clays and sand
stones. 2, 00 feet. 

Absent. 

Montana formation: Gra,· to 
yellowi h-brown arenaceou' 
shale , containing clay iron
stone concretions. A few hun
dred feet. 

and sandstones wi Lh 
coal beds. 00 to 1,200 
feet. [True Larami<•.) 

Montana group (Fox Hills 
and Pierre) : Clay (ar
enaceous) and sand
~tones, containing clay 
tron tones. , 700 feet. 

Upper Cretaceous shale: ~-------------------------·----------·-------------"t---------------------------l---------------------!--------------------1 
Dark shal s with a few iobrara limestone: Gray calca-
thin layers of limestone r ous shales and light-colored 
and of gray quartzite. limestone. 200 feet. 
Contains Benton, io
brara, and possibly 
Montana fossils. 3,500 
to 5,500 (?) feet. 

Dakota sandstone: ButT 
tlandstone passing lo
cally into white quartz
ite, with more or le 
gray shale. 1ay in
clude some Lower Cre
taceous a.nd some Mor
r ison formation (Lower 
Cretaceous or J ura.a-

Benton shale: Black bituminou 
shales containing ironstonE> 
concretion ; thin fo siliferou 
limestone. 150 to 300 feet. 

Da.kotaformation: White quartz- ~ 
itic sandstone, sha.ly at top, 
and conglomeratic at base. 
50 to 300 feet. 

Col01·ado formation: Dark-gra,· 
_hales with a complex of fine 

ltmestone bed about midwav 
in the eries; brown sandstone 
near top. 500 feet. 

Dakota formation: Fine white or 
gray sandstone, u ualh· fria
ble and of uniform texture, 
with fine conglomerate at 
base. 300 feet. 

i'iiobrara formation: 
Arenaceou shales 
and clays with 
Lime tone bands. 
-100 feet. 

0 

~ 
Benton formation: I 5 

Black shales with o 
limestone band at I 
top, and iron
stones. 600 feet. 

nconformity-----1 

Dakota formation: White 
or gray sandstone with 
fine conglomerate at 
base. 350 feet. 

Absent. 

------- ---------l-------+----------~----------!----------l-------1---------l-------·---l---------;---------:---------:_ ________ L-----------
sic) . 200 t o 300 feet. 

M orriso~ forrn.al1'~n : Prevailingly 
greemsh, pmklsh, or grayish 
shales and marls, containing 
sandstone at the base and as 
intercalated m e m b e r s a t 
higher horizon~. 350 feet. 

Cretaceou (?) . 

-- ---- ------

Jura ic. 

-- ---- --------------------1 

Upper Coal Measures: 
1,000 to 1,500 feet [not 
present in Leadv ille 
district, but present to 
ea t and north). 

Absent (eroded?). 

Gunnison formation (Triassic): 
Gray or yellow sandstone, of
ten calcareous, overla in by 
reddish, grayi h, or variegated 
hal v sandstone ·. 300 to -WO 

Not definitely recognized. 
orne Morrison forma

t ion may be included 
with the rocks mapped 
as Dakota. 

Gum~ison formation: Upper two
thirds dark gre_en, yel!ow~.and 
pink clays w1th t.hm nme
stones; base a heavy whi t-e 
quartzite. 350 to 500 feet. 

nconformii~· ---------------1-------~~--------·~---------------------t--------------------------j--------===========::~::L6;;.-Iiiiiiiiiiiiiiii 
fee t : 

[Lykins formation is pre cnt in \ 
-------- (?) -------- ' southeastern part of quad

Absent (eroded?). 

Ab ent (eroded?). 

Wyoming fonnation: Brick-red 
sandstone with some red shale 
and local coarse conglomer
ate. 1,500 feet. 1 o fossUs.a 

Maroon f ormation: Coar.'e gray 
and red sandstones with asso
ciated conglomerate and 
limestone. 1,500 feet. 

Tria.~~ic: l{.('d sandstones; light 
red below, darker above, 
2,600 feet.o 

Maroon f orrnatio1l~ Dark-red grits 
and thin shalY tulle tone; pn.ss 
gradually into overlying sand
stone. 4-,000 feet. 

----------------~~~==================1:=======--(?)--------1 Maroon 

I trw\ red SluHlstoBcH 
and Rhalcs . P robably 
equivalent or nearly _so 
to the Lykins formattOn 
of the Boulder district, 
Colo. 0 to 1,000 feet.o 

Ab ·ent. 

rangle.) 

\ \ 
------------\ K(l ~tgnroo formation: Gray to I-----------------------

nconformity biown and blue or light-green 

l 
t . l'pper quartzite, mingled w1th con-

Maroon cong omero c. cl !om ra1cs and metamor· 
part conglomerate and an - \ 1'\ l 1 ~le . 3 000 feet. 
stone in heavy beds , the ma- P o~e< ~ 1 

.. ' 

ter ial derived chiefly from the 
arko e and particularly from 
the early Carboniferous bed_ ; I 
occa ional thin beds of fo s1l- \ 
iferou limestone. 2,500 fel't. rnconformit~· 
Lower par t quartzose <·on-
glomerate, ~rit, and sand- l 

1 Lyons ('' C~eamy ") "and. tone 
i. pre ent m outheru;tern part 
of quadrangle. l 

stone, varylllg amounts of 
p,ebblcs derh·ed fron; Carbon- (;orfidrl jormalim<: A\l.crJ?-at.c L--------------------
,_ .. ~ u rhi r.h SOmetimes fo:m ..:..n •~<> ~AndstOnC 1 qU~Tt~lte -' I 

Jforri8onjormation : Gray 
shales and marls, with 
sandstone and lime
stone bandll. 200 feet. 

jJJ'et' \1' !/IJIILUIQ for ~~til· 
lion: Brilliant red sand
stone· and shales; with I 
hea,·y andstone at top 
and thin lime tones at 
base. 400 to 600 feet. 

Dower Wyoming forma
lion: Red sandstone 
an d o on glomera.tes; 
"Creamy sandstone" 
at top. · 200 to 2,4.00 

Sandst-one and marl, lime
stone, sbaly sandstone. 
1,000 feet. 

Red, white, aod pink 
sandstones. 1,000 feet. 

Conglorne1·atic ~a.ndstone 

Absent. 

Ab ent. 

an d i o t e damina.ted 
shales, witb c oarse :-~-------------------
wbite Hat\dAtone. 2,500 
feet. 
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Absent (eroded?). 

Absent (eroded'?). 

Benton shales: Black ca.Ica.
rcou shale . 350 feet. 

~ 
0 

8 

Dakotajormatio!~: :\1assivo white 
sandstone wtth local varia
tions. 250 feet. 

Dakota sandstone: Buff 
sandstone passing lo
cally into white quartz
ite, with more or Jess 
gray shale. May in
clude some Lower Cre
t aceous and some Mor
rison formation (Lower 

Benton shale: Black bituminou 
shales containing ironstone 
concretions; thin fossiliferou 
limestone. 150 to 300 feet. 

Dakota formation: White quartz
itic sandstone, shaly at top, 
and conglomeratic at base. 
50 to 300 feet. 

Dakota formation: Fine white or 
gray sandstone, usually fria
ble and of uniform texture, 
with fine conglomerate at 
base. 300 feet. 

Benton f ormation: 
Black shale wi th 
lime tone band a t 
top, and iron
stones. 600 feet. 

uconfo rmity-----1 

Dakota formation: White 
or grav sandstone with 
tine conglomerate at 
base. 350 feet . 

Cretaceous or Juras
sic). 200 to 300 feet . 

--- - --- ------- ·-=-:-----r----~----;------r--!·---+-----L ____ ,I _____ .J _____ !----1-·---L.I e::- ' ll)C\1~ 

Cretltct'OUS (?). 6 e !§ 
~ \:.... 9 

Gtmnison formation (7'riassic): 

Absent (eroded?) . 

Jura~ic. 

Gray or yellow sandstone, of
ten .cnlcareo~t , overlain by 
reddtsh, grayt h, or variegated 
shaly sand tones. 300 to -100 
feet. 

Not definitely recognized. 
~me Morrison forma
t t?n may be included 
w1th the rocks mapped 
as Dakota. 

Gunnison/ormation: pper two
thirds dark green, yellow t. and 
pink clays with thin lime
stones; bose a heavy whit-e 
quartzite. 350 to 500 feet. 

Jlorri8onjormatio11: Gra~· 
shales and marls, with 
llandstone and lime
stone bands. 200 feet. 

&ndst.one and marl, lime
stone, sbaly sandstone. 
1,000 foot. 

Ab ent. 

Triasic~?~·--~----~----------------------~----------------------------~----------------
It rte~tllOH/ ,.<nlftafH"' · Brick-rt'•d 

~andst'oilC' with ><<l11lC red .,;halo 
and local coarse conglomer
ate. 1 ,.500 feet. _ o fo sil .a 

Morrison j01·matio": Prevailingly 
greenish, pinki h, or grayish 
shales and marls, containing 
sandstone at the base and as 
intercalated m e m b e r s a t 
higher horizon . 350 feet. 

l Jnconformity --:~---------~-------------~~~-r.~~::::~--~::::~~r-----------===============:j~~~il~~ti~~~I;~=:~~----~~~~iiiilliiiiiiiiiiii 
" W ?llln:ting " f nrmnli nn: 

Hn\hant red >;n.ntl>; l,oncs 
anc\ shale's . Probabh· 
t:qll\YU\ent or lll'arlv so 
to I<~<· Lykin« fornui.lion 

T'"'·'·'". l{<·d ::.and lu'"''; li,.,;ht 
red below, darker ahrl\ e, 
2,600 feet .• 

11 1/011 , (I t Hill 

Absent (eroded?). 

Upper Coal Measu.res: 
1,000 to 1,500 feet [not 
present in Leadvill e Ab ent (eroded?). 
di trict, but pre ent to 
ea t and north). 

!11aroon jonnalion: oar ·e gray 
and red andstone with n ·so
ciated conglomerate and 
lime tone. l ,500 feet. 

.\I aroo,t jormalion: Dark-red grits 
nnd thin shaly limestone; pass 
gradually into o\·erlying sand
stone. ·1,000 feet. 

~-----------------!-----------------------------------------------:-----------(?}----------1 

C':aboniferous. 

I a. 
"iZ 0 
·~ .~ 
·- 0.. 
~ 

----------------- ---1 
DtYonian (?). 

lV ebcr grit . 2,500 feet 
[940 feet in Leadville 
dLtrict]. 

Weber shales. 150 to 300 
feet. 

Blue li utestone: Compact, 
heavy-bedded dark
blue dolomitic lime
tone; black chert con

cretions near top. 200 
feet. 

Weber grits: At ba e 150 to 300 
feet of variegated shale 
(Weber shales) , passing up
ward into alternating arkose 
grit , quartzites, and shales 
(Weber grit ) . 2, 00 feet. 

Leadville limestone: Dark bluish- ~ 
gray dolomitic limestone con
t aining black chert nodules 
at top ; contains E ozoon rib
bing; usually extremely fine
grained ; sometimes shaly at 
base. Between 150 and 200 
feet. 

Weber formation: ~·Iainly coa c 
gray sandstones and grit 
(Weber grits, 2,500 feet) with 
some carbonaceous shales near 
base and a few thin beds of 
dolomitic lime tone (Weber 
shales, 300 feet). 2, 00 feet. 

Blue or Leadville limestone: (not 
expo ed). 200 feet. 

Weber formation: Thin-bedded 
carbonaceou lime tone and 
calcareous shale . 1,000 feet. 

Leadville limestone: Thick-b d
ded gray-blue dolomite grad
ing upward into gray-blue 
limestone. 350 feet. 

]l.f aroon 
and 

'Wel,er 
formatwTl .\ 

1mcHjJerentiated: 
4,000 fe t 

Leadville limestone 
170-222 f e . 
Lower 7G-90 feet 
tent11.tiv ly put in 
De\·oniau. 

of i he Boulder di.·trict, 
C'olo. 0 to 1,000 feet. a 

A bRent. 

AI Put. 

----·--- ----------- -~~noon~rmicy-----~--------------t----------------~-------------~·-------------~------------

Orclodcia.n. 

··------------ ----- -

Crunbrian. j~ 

Parlifl.g quartzite: White 
quartzite. 40 feet. 

lf hite Limestone: Light
gray siliceous.dolomi~ic 
limestone, Wlth wh1te 
chert concretions. 160 
fee1. 

I 

P arting quartzite: Fairly coarse 
bi'Hd q u a r tzi te, resembling 
" Lower " qua rtzite and aver
agmg 50 feet in t hickness. 
Considered by Girty to be 
Ordovician. 

W hite limestone: Light-drab to 
white to dark-gray or blue
gray dolomitic limestone 120 
to 170 feet ; averages 150 feet. 

Cambri an: White, heavy-bedded 
quartzite, passing into 1-foot 

Lower quartzite: White layer of fine quartz conglom-
quartzite, passing up- crate at t he base ; overlain by 
ward into calcareous more t hinly bedded q uartzit es 
and argillaceous shales. wea t hering brownish on ex-
150 to 200 feet. posure ; t op of formation 

marked by red-cast beds of 

Yule li mestone: Light-drab thin
bedded limestone, 120 to 160 
feet, overlain by 15 to 60 feet 
of siliceous beds general!~· 
known as Parting quartzite. 
(r ot exposed.) 

S awatch quartzite: White and 
generally thin-bedded quartz
ite, with conglome rate at 
base; grades upward into 
greenish calcareous and ar
gilla.ceous shales. 160 to 200 
feet. 

Parting quartzite: Thin-bedded 
quartzite and dolomite. 60 
feet. 

Yule formation: Hard, compact 
gray-blue to yellowish-brown 
dolomites. 250 to 400 feet . 

Sawatch f o rmati on : Y\'hite 
quartzite conglomeratiC at 
base gr~ding upward into 
sand'y dolomiti~ •. and . oc.ca
sionally gla.ucontttc var1et1es. 
200 t o 400 feet. 

Ordot•ician <•r Devo
rdan quartzite, etc. 
50 f et. 

So.watch quartzite. 
302 feet. 

Ah~<·nt. 

Al• ·<·ut. 

Uuconformit~· --------

Maroon conglomerate: l.-pper I 
part conglomerate and sand
stone in heavy bed , the ma
terial derived chiefly from thp 
arko e and particularly from 
the early arboniferous bed · 
occasional thin bed of fo ·il~ 
iferous limestone. 2,500 feet. 
Lower part quartzo ·e ron
glomerate, grit, and sand-
tone, varying amount. of 

pebbles derived from arbon
iferous, which sometime form 
the bulk of the dcpo it ; color 
yellowi h gray; there are thin 
interbedded lime tone layer~, 
and these and the limestone 
pebb l es arc fo siliferouo. 
2,000 feet. 

11 eber limestone: Dark-gra~- .o 
black hale with thin lime
stones carrying black chen. 
100 to 500 feet. 

Unconformity --------

Leadville limestone: r ppcr third 
ma i,·e, blue, and cavernou ; 
lowN two-thirds bedded gra~· 
to brown dnrk chert ·. 400 t 
525 feet. 

Yule limesto1le: At the top 0 feet 
of green, pink, and yellow 
haln and blue lime tone; 

middle portion massive gray 
Lim estone with white chert; 
lower portion white quartzi te 
75 to 100 feet thick. Total 
thickness 350 to 450 feet . 
[The equivalent of the " Pa rt 
ing" quartzite believed uy 

purr to be r epresented b~· 
t he upper 60 to 90 feet of 
Yule limestone, consisting of 
green, yellow, red, and white 
shales wi~h m ore or Jess arena
ceous and calcareous layers 
the latter pa sing into thin 
limestones.] 

awatcJ~ quartzite: Upper third 
quart zite containif!g glau~o
ni te · lower two-tlurds white 
qua'rt zite containing con
glomerate at the base, thE
pebble of whit e quartz. 
350 feet . 

[Lykins formation i. pre,ent in 
(?) -------1 southeastern part of quad-

lio11: Br.illi:wt red ~llnd
s~onc · and shai('Sj with 
heavv andstone at top 
and thin limc~t ones at 
ba . 400 t o tlOO feet. 

Heo, \\ tut t., autl Jllllh. 

snn<JHf on('s. 1 ,noo fee1. 

\ 

rangle.] 

1\a,,garoo form ation: Gray to l-----------------.-------------1
-------------::-----------

brown and blue or light-green 
quartzit e, mingled with con-
glomerates nnd metam o t·-
phosPcl ,hales. 3,000 feet. 

l"nconformity --------1 

[L~·ons (" Cream~·") sand~ tone 
1s pr ·ont in southeas tern part 
of quadmngle.l 

Gn r.fidd for mation: Alternate 
coar-e sandstones, quartzites, l-------------- - 1 

and eonglomcrates at the base, 
containing in places thin len-
tils of lime tone; pa es up-
ward into black hale contain-
ing thin layers of quartzite and . . 
impure lim~stone, which con- Fountotn forma tion: Red sand
lain more and tone in the t.one, grit , and conglomcr
micldlE' and upper thirds of the I ates. Estimated a.t 1,000 f et. 
formal ion. 2,600 to 2, 00 feet. 

Lower ll 'yoming forma
lion: Red sandstone 
and con glomcrates; 
" reamy andstone" 
at top. 200 to 2,400 
f et. 

Conglorttet·utic sandstone 
nn d inter laminated 
shales, with co a r e 
whit Hl.\lldsf,one. 2,500 
eei. 

rncot formitv -------
Ouray limestone: Argillaceous or 

arcnaceou at the ba e, pass
ing info fairly heavy bedded 
gray to blue, yellow, and white 
dolomitic lime tone; about 150 
r C't below top is bed of black 
dolomite 20 to 4.0 feet thick, 
570 to 00 feet. 

Unconformity --------1-------------·------------1 

Millsap limes/one Tl1in-bcddcd 
dolomite, with a few thin 
SAndstone layers; chert nod
ules in the upper lime one 
layers. 30 feet. 

Abs nt. 

TV eber (?) form at i on : 
l,OOO±feet. 

Leadville limestone(" Blue " 
limestone.) 200 feet. 

1---------------l'nconformity -------..:.1------------:-------------1-Cnconformity-----

Frenwnt limestone: Blui h-~my 
or pink dolomite, somettmes 
arenaceou . 100 feet. [Chief
ly or wholl.\• upper OrdoYician 
(Richmond).] Tonuchi limestone: 230 to 290 

feN of bluish-gray to gray 
chertY lime tones ; overlain by --------------I 
2 to. 30 feet of blue to gray 

Harding sandstone: Fine, eYen
grained saccharoidal _and
stone in alternating band of 
light-gray, pinki h, or nt.rie
gated colors, with a few bands 
of dark-red or purpli h andy 
hale; lo\ver part ·ometimes 

calcareou . 100 feet. [Of 
Middle Ordovician age.) 

quartzite, which w eath ers 
white to reddish brown a.nd 
is locally called ' part ing 
quartzite," although no at
tempt is ruade to correlate it 
wit h t he Parting quartzite of 
Leadville district; above this 
qua.rt.zite i 100 feet of non
cherty gray limestone, dolo
mitic in upper part, capped 
b \· a few feet of argillaceous --------------I 
liin stone and c a I ca. r eo us 
shale. 400 feet. M anilou limestone: Fine-grained 

pink or reddi. h dolomite. 
100 feet. [Of Lower OrdoYi
ciao age.) 

"Parting" quartz
ite member. 10 
to 70 feet . 

"White" limestone 
member. 12() 
feet. 

l'tlconformity --------r----------------:----------------------------- ---------------
• awalch quartzite: Hard white 

quartzite, ranging f rom a 
maximum of 20 feet to a. 
feather edge. Present over a. I 
large par t of the district. Up
per port.ion apparently eroded 
prior to the deposit ion of the 
Tomichi limestone. 1 

mall thicknes of quartzite and 1 
cherty lime tone containing 
.Ungulepis, Obolella, and Pty
choparia. [Xo form a ti on 
name given. Thicknes not 
tated.] 

awatch quartzite (" Low
er" quartzite). 50 to 
180 feet. 

I 
Emmons. 150 to 200 feet. 

~---------------------------!-------------------l----------------------I---------------------------~---------------------------T-------------------------.-------------------------------------------·~Unconformity·---------
Grea.1 unconformity---'---------------~~--------------- chist , 

1 

Archean granites, gneis -

Pre. Cam brian. Archean g r a nit e' a n d 

1 

Archean gnei e and schist 
schist. 

---'------ -
--------------d---· bable correlat ion with Lykins formation. 
• Ar< assignment gl'l"en i n t bls table is base on pro 

Archean gnei. , granite, and 
schi ·t. Granite, gncis , aud chist. Pre-Cam 'Urian. Prt·-Cambrian. 

Archean granite, gneiss, and Pre-Cambrian g ran i te an c1 Algonkian quartzites, es, and metamorphic 
schist . gneis . granite, and gneis . rocks. 

Pre-Cam brian g r a. n i t e , 
!'chi t, and gneiss. 

99271-27. (Face p . 22.) 



PRE-CAMBRIA ROCKS AND EDIMENTARY FORMATIONS 23 
tion m ome place make pas age through it oece ary 
for development. For thi reason ome of the shafts 
and drill hole enter the pre-Cambrian granite for 
hort eli tance., either by penetrating completely the 

overlying Paleozoic ediments or by pa ing across 
fau lts that have brought the pre-Cambrian up against 
the you nger rocl- . uch tructural relation occur 
in nearly all parts of the di trict. Many drifts like-

alifornia Gul h. Ben ath the outhern and we tern 
lope of Ball Mountain it i o deeply buried benea h 
edimentar rocks and iu truded porphyries that it' ill 

probably never be reached by mine workin!!S. 

COLUMNAR SECTION 

The pre- ambr.ian exposed in the working con i t 
exclusively of granite with two known exception - an 
xpo ure of a few feet in th Yak tunnel beneath 

Breece Bill and one in a we t ro ut from th Gar-

DESCRIPTION OF ROCKS 

Glaci'IJI boulders , san~ etc., mostly bluish ;, to~ 
and unoxid i zed 

Coerse-grtll'nt!d srkost! snd n1icsc~ous 
s~nd.stone and quertz/te, a lternst"in8 
with Sflndy, rt?icsc!?ovs, srgill sceous,'!nd 
sometimes bJtum1nous 3hale. Contatns 
nonpersi.stent lenses ol" impure 1/mt!st one , 
Wh iCh in Tenmile d istrict carries ore bodies. 
940 rl!et . (WeOer grits or~arlier report .7) 

High t.errac.e arlJvel 
0·500. 

'Lake beds'' 
0·500' 

P;leber (?) formation 
I,OOO'r 

((/pper f?Ort eroded i n 
L(!tlldvtlle d /St.n ct) 

G'•nit" ; mttdium •g r•tnrd p,"nJu4hgr•nt't~, w / tft 
m•rlfed lf•nd~nc:y t o .,y11rd porphyr(tk h~b,_t. . Ctv~· 

!:'!!~::;~1~':r7::~~~~:~~~~~~-,!;o:fet-.;, b~C:.::J.~e,:;d Gran :te 
i ncluded scht'sts 11nd /s cvt by •pi i tt> •nd pegma
t ite d ik•s 

.-stratigraphic column of the Lead \"ille di trict 

SYSTEM AND SERIES 

Ple istocene 

Early Pleistocene 
or late Pliocen~ 

PRE-CAMBRIAN 

O'l 
;) 
0 
Q: 
w 
lL 

z 
0 
Ill 
CI: 
<( 
u 

WISe 1\l" run through th granite from shafts that ha e 
cro ed th larg fault in order to reach the ore 
horizon on the downthrown id . The Yak tunnel 
extend through granite in two places where it cuts 
the uptilt d edge of u ce ive fault block . 

butt vein in the arne vi inity. At both the e places 
th 1ock i hornblende hi t, tilted at a high :.mgl , 
which probably repre en portion of some older pre-

ambrian formation projecting downward into the 
great pre-Cambrian granite ma 

In uch ~ orking the character of the pre-Cambrian 
rock has be n determined in the Downtown eli trict, 
Rock Hill, Iron Hill, Fryer Hill , East Fryer Hill n), 
Breece Hill , Evan Gulch, outh Evan Gulch and 

The mall granite mas e , eparated by con iderable 
area of gnei oid and chi to e rocks, on the east side 
of the Mosquito R ange, mapped by Patton, are prob
ably off hoot of the large single body or batholith. 
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PETROGRAPHY 

The granite a iewed in the hand p cimen 'aries 
c n iderably in olor and texture. It u ually ha a 
pinki h tone, due to the color of the prevailing feld par, 
except wh re bleached by urface water or mineraliz
ing solution , and from that it varie local! to a dull 
gray. In texture it rang from an even-grained rock 
in which th diameter of the feld par and quartz 
grain i from an eighth to a quarter of an inch and 
that of the mica about haJf a much to a rikino-1 v o . 

porphyritic rock in which th phenocrynts of pink 
feldspar attain a length of one-half to 1 inch (pl. 35, 
D) and are embedded in a granular matrix who e 
texture resemble that of the more even grained 
granite. Gradation from even-grained to porphy
ri tic varieties are common. Porphyritic texture i di -
tinct in the Luema- ilver poon mine. 

The mineral constituent are feld pa1 (rni crolin e
microperthite and ol igoclase-and ine) , quartz, bio
tite, and mu ovite, with microscopic magn etite, apa
tite, and zircon in mall quanti ty and here and there a 
grain of epidote and allanite. The microclin i mo tly 
pre ent as large pink rectangular cry tal wi th irreg
ular boundaries . Its color is clue to fine du ty inchr-
ion of hematite. The oligoclase-ancle ine (Ab65_ 70) 

form light greenish-gray rectangular cry tal as 
much a 6 millimeter in length. Where somewhat 
weathel'ed it is pale yellowish and has a dull luster. 
Quartz form gray to colorless glas y irregular grains 
10 millimeters or le in diameter. Biotite forms indi
vidual grains a large as 3 millimeter in diam ter and 
numerous clu ters that are con. iderably larger. Mega
scopic muscovite is scarce and not readily eli tinguished 
from bleached biotite. Under the micro cope the 
microcline ha typical Carlsbad twinning and the char
acteristic gridiron structure, beside perthitic inter
growths with albite and , in ome cry tals, o-raphic 
intergrowth with quartz. It incloses grain. of all· the 
other mineTal , some of which are altered, bu t the 
microcline it elf i free from noteworthy alteration . 
The oligoclase-ande ine is found to be largely altered 
to feltlike aggregate · of sericite and to have partly de
veloped rims of albite. The crystals inclo eel in the 
large microcline cry tals are more in tensely altered than 
the others. Their albite rim are continuou with the 
albite tr aks in the microperthite, and theil' appear
ance as a whole suggests that the al eration took place 
during the cry tallization of the microperthite, which 
with quartz wa the last primary mineral to form. 
The quartz show typical undulatory extinction. It 
inclo e a few grains of oligocla e-andesine, but mo t 
of its contact with biotite are irregular. Biotite is in
tergrown to some extent with muscovite and inclo 
gl'llins of apatite and zi1con. Where inclosed in mi
crocl ine biotite ha partial borders of mu covite. A 
few biotite grains are inclo eel in plagiocla e, but mo t 
of them li e between plagiocla e and quartz and have 

• 

irr gular con tact with both min raJ In ome places 
bi tite i partly alter d to hlori te. Muscovi t , beside 
bein()' a sociat d with biotite, form irregular treak 
pen trating microcline. m of the tr ak ugge t 
perthitic intergrowth; oth rs may b econdary. MaO'
netite, apatite, zircon and epidote are typi ally devel
oped and pr ent no no e•vorthy features. One ()'rain 
of all anite 5 millimetei in diam ter partly inclo cs 
microcline, quartz, and plagio Ia . 

The e feature a a ' hol indicate a con iderable 
r.oncen tration of the alkali es and volatile con t i tu nt 
of the magma after its cry tallization was ' 11 advanced, 
permitting the microcline to grow a large crystal which 
inclo d grain a1read formed, and at th same time 
causing the alteration of oligocla -ande in to nc1te 
and albite and promoting th growth of mu covit in 
the microcline and around the biotite. Grani t lo e 
by the eins i con iderably altered Lo eri ito and 
qunrtz of much -later origin than th ser.ici t j u t de-
cribed , and in uch place th rei no definite m an 

of distincruishing betwe n the produ ·t of th late 
magmatic period and th vein-~ormin()' period of 
alt ration. 

The granitei cut by bo th pegmatit and aplit dikes, 
from which not ven th mall expo ures in min work
ing are. fr e. The aplite con i t chiefly of light
colored feld par and quartz and i of much fin r grain 
than the normal granite. P egma.tite v in , though 
numerous, are much less abundant than in the mas 
of rock on the ca t rn lopes of th M o quito R an(1e 
described by "Patton. 1 Dike of apli te and p gmatite 
are noted in the outcrop of granite in Iowa and Empire 
gulches, to the outh of the L advill · eli trict, and 
owing to the larger ize of the expo ur the pegmatite 
dikes and other variant phase of the rock are more 
prominent there than in the comparatively small :field 
for observation furnished by th drift of a mine. 

ome of the pre- am brian granite may be confu ed 
when seen in the hand pecimen with certain coarser. 
vari eties of the much later gnmodiorite porphyry, 
localJy known collectively a " Gray porphyry." One 
facie of this later intru iv rock noted in the Yak 
tunn 1 i locally known as the "Bazoo porphyry," from 
it development on the Bazoo claim. It i the same 
rock as the Lincoln porphyry of Emmon and i o 
de ignatecl in thi report. It has a moderately coarse 
grained groundmas and large phenocryst of ortho
cla e. Th micro cope at once identifie the large 
cry tal , however, as orthocla in tead of microcline 
and reveal the fine-grained groundmass typical of 
the " Gray" porphyry. 

The granite wherever found in any considerable 
masses is intersected by dikes and irr gular mas e of 
porphyry, which represent the conduit through which 

'Patton, H. B., Hoskin, A. J., and Butler. 0. M., Geology and ore dcp sits of 
tbe Alma district, Park County, Co lo.: Colorado Oeol. Survey Bull. a, pp . 4o-47, 
1912 . 
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tho magma that fo rmed the ill and irre()'ular bodi 
in the overl ing edimentary ro ks a c nd d. In me 
place within the O'r anite zon of the Yak t unnel th y 
arc so numerou hat th ir aggregate wid th i probably 
more than tha t of th gran ite betwe n them. 

Wh n ubjected o the action of mineralizing olu
tion the O' ranito ha undergone lc. alteration than 
aov oth r rock in th Leaclvill di tri t . Or · are 
unknown in it except in the form of vein and where 
vei n are contained within gmnite wall they have in 
general b en v ry p or in m tallic cont n . 

STRATIFIED ROCKS 

SAWATCH QUARTZITE (" LOWER" QUARTZITE) 

NAME 

Lying directly upon the roued ·urfac of the pre
Cambrian complex i tho formation which Emmoo 
call d "Lower quartzi t " and whi h ' a la ter des ig
nated awatch quartzite in reports on v ral di tri t 
of c ntral olorado. The name "Lower" quartzite 
wa appli ed a Loadvill to d i tingui h it from the 
11Parting' q uartzi te, which occurs tratigraphi cally 
about 120 f et above. Throu()'hout the ·Leadvill 
eli trict it i a] o a iled the ambri an quartzite but 
th rei a po ib ili ty tha orne of the upper haly b d. 
included in the formation by Emmon may r pre ot 
the lowerm t b d of the Ordovician . B cau e of the 
long local usage of th term " Low r ' quartzi t in the 
Leadville di trict, that term i , for the con>enience of 
the mining public, fr ly u ed in the oth r hapters of 
thi report without quotation mark . 

OLD ERO I N RFA E Or WH I I:I THE Q ARTZfTE WA ' 

LAID DOW N 

The contact b tween the awa ch quartzite and 
the underlying granite or oth r pre-Cambrian rocks is 
r markably ev n and fr from undulation . It o 
clo 1. · approa h a perf tly plan urfa that cxcep 
in tho e lo aliti wh r a great l ngth of outcrop i 
expo d in a in()'l cti n any lack of parull li m 
betw en th b ddiog of the quartzit and it ontact 
with the graoit b low i difficult to d teet. The 
m otlmc of th conta t of the dimentary forma . 

tions with th oTani e is well illustrated in th photo
graph of h ridan Mountain taken from th head o~ 
Empire ulch (pl. 30, A) . In nly two pia 
notic abl in quali ti ob ervable in th pr - am-
brian urfa . On i a t th head of Buck kin 
th ater , wh r . light undula tion in th urfac ar 
notic abl . Th r th urfa of th granite ri e very 
gently, o that the lower layer of quartzit thin out 
and j ovcrlapp d by th o xt ucceeding lay r. The 
oth r i on the outhw t face of Zion Mountain , wh re 
a small hill of granite wa noted by Emmon a the 
only place where dir t evid oc wa afforded of any 
con iderable in qualiti in the pr -Cambrian urfa e. 
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When the th i kn ob erv d in variou part of t.h 
di tri t ar compared with one another, how ver, the 
.-ariation in th total thickness of th quar zite ar 
een to b con iderable. Thi indicate a depo ition 
urface not quite reduced to a plane. Evident.ly, how

ever , the pre- ambrian urface wa thoroughly ba e
levelcd in pre-Cambrian tim , to be later d pr ~. d 
beneath the ca and co cred ·with ucce i>e lay r~ of 
and an l oth -r Cambrian edi ment~ . , imilar condi-

tion fcuther ea t have b end crib d by ro. by. 2 

PETROGRAPHY 

The awa.tch quartzite at Leadvill 
lower m mber compo ed h1.r"'ely of 
quartzit , 120 feet thick, and an upp r ha.ly m mb r 
50 feet thi k heroin called ' tran ition ha l . ,' but 
th hara.ct r of tho strata varie con id rably in clif
f rent part of the Mo quito Rang . Tho ba al b d 
of th white, gin. y quartzite memb r i usually a con
O'lomorate rangin()' from a few inch to a foot in thick
ne , although in a few place a in the Yak tun n l, 
i t i ab ent. Thi ba al con()'lomerato i made up of 
rounded and fin ly poli hed O'J'ai.n of blui h tran lu-

. ceo quartz, m of them no t lar()'er than a p a. The 
lower portion of th quar tz ite i invariably the fr t 
from cal arcous or argillac ou impuriti and on th 
"-e t side f th Mo quito Range i 100 to 120 f et in 
thickne . On th a t ide of th range the thi kno 

em to dimini h omewhat and in place i only -:1:0 
feet. Thi whi e quartzite i remarkably uniform and 
p rsi t n ' . I t i very" her readily di iogui habl 
a a white band in th numerou e tion e.'po ed 
alon()' tho canyon wall of the rang . Mo t ommonly 
it i thick b dd d and uch i i t pr vailio()' cham. t r 
throughout th Lead vill di tri t, but it pa e in 
place into rath r thio-b dded white ugary quartzite. 
The component round quartz grain are clearly vi ibl . 

To d r the micro cop th y how nlargomeot and 
app ar a int rlo kinO' grain~ ' i hout any in t rs itial 
material exc pt a littl very fine grained ericite. 
H rc and ther a oft ' hit bod re embliog the local 
" Whit ' porphyry and likely to bo impregnated with 
minute ()'rain of p rite i pr ent. On of the e on 
the thirt nth lev l of the Ibex o. 3 haft n ar its 
jun tioo \vith th Garbutt vein on i ts of round grain 
of quartz 0. ~ millim t r in diam ter impre()'nated wi th 
ericite in a feltliko matrix of sericite. The pyrite i 

in th ericite matrix. Wher min raliza tion has been 
int 0 e he quartzite i much ericitized and crumbly. 

The upper b d of the quartzit are thinner, and 
om of them are cern nted by alcium carbonate 

in ead of ili a. They are therefore after and di -
iotcO'rate to loo e and. In the Red liff district, north 
of Leadvill e, uch a calcareou bed has been r placed 
by ore at it iote1 ec tioo with the Bleak Hou e vein. 

• rosby, W. 0., Archean- ambriau contact near Manitou : Oeol. oc. America 
Bull ., vol. 10, pp . 141- 164 . I S9 . 

I 
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Lim ton b d are oc a ionall found in th quartz
ite. On<' in Buckskin GuJ h i menti ned b Emmon 
a b ina very low in magne ia. 

The upper ha1y m mher 50 feet thick i mor or 
le argillaceou and calcareou . It conta t with the 
quar zite below i harp in om place and gradual 
in others. I t pa upward by almo t imp :-rceptible 
tran ition into the iliceou part of the 'vVhi t ' lim e-
tone and i th r for locally called th trRn 1t10n 

· hale ." B cau of thi tran ition and th pre en e 
of al ar ou beds, nearly all th local mining compa
nie ha,,e regarded thi haly member a part of the 
" White" lim ton , rather than a part of the harply 
contra ted quartzite, although orne of th m have 
rep1es nted it a a di tinct member in their map and 
e tion . Mu h of he information compiled from 

company r cord indicate th upp rmo hard quartz
ite bed a the top of the " Low<'r' quartzite and makes 
no mention of "tran. ition hale ." In tbi r por t the ' 
hal a re regarded as the upper m m ber of the a watch 

quartzi te, b ecau e they have be o o de i.gnatccl not 
only in the L adville monograph but in r port on 
neiahboring r egions a w ll . 

Emmon ta(,e that at the top of what h reaard 
a eli. tinctively ambrian th r i one especiall y p r
si tent bed of . andy limeston , generally about foo t 
in thickne , which i us ful in d termioiog the hori
zon on accoun of the trikiog appearan of i ,,·eath
ered urface. Iti a iliceou · dolomite, aenerally whit
ish on fresh fracture, and contain pot of dark brick 
red, re embling ca t of fo il , on account of which 
the t rm "red-ca bed '! wa applied to it. ( ee pl. 
36, B. ) 

P atton 3 tates that the roo t con picuou feature 
about the " Lower " quartzite i its clivi ion into two 
distinct membei - a lower, very white h avy-bedded 
quartzite, occupying about half of the formation , and 
an upper thinner-bedded m mber ( 'tran ition hale ") 
which pa es by gradual alternations in it upp r part 
in to the "White" lime tone. He ay that th " red
ca t bed " are extraordinarily pe i tent throughout 
th lma district, and he therefore like Emmons 
r gard tho e bed a marking h pa ag from the 
Cambrian quartzite to the overlying lime tone. The 
"red-cast bed ," however, ar mi ing in many parts 
of th L adville eli trict, and in orne par they lie 
imm diately abov the hard white quartzite, uag t
ing that the upper haly memb r ha. b en eliminat d 
at an unconformity. Furthermore, the unweathered 
bed may not be r adily identifiable in mine working . 
They are ther for un ati factory for the exact det.er
mination of the upper limit of the 11\'i'atch quartzite. 

The shaly member con i ts in nearly a ll place. in the 
L adville area of thin-bedd d hal , much of it den e 
in texture and readily confu eel with the "White ' 

• Pattoo, H . B ., Bo klo, A. J ., and Bntler, G. M ., Geology aud ore deposi ts or 
tho Alma di strict, Park ouoty, Colo .: Colorado Geol. urvey Bull. 3, p. 49,1912. 

porph, ry, e p cially wh n e n in drill core where 
th bedclina i. ob cure. On arbonate Hill th halo, 
ar 40 f 'et in thickne and at th ba~ pa by in
. en ible aradati o through alt rnatina band of quartz. 
itc, lim ston , ancl . hale into the ctuartzit b low. 
Th e hal nre mi ing in the Tuc on mine, on Iron 
Hill , wher the ' White" lim tone pa e into a thin 
la 'er of ' r d-ca t bed " and hen dir tly into the 
unclerl Ting olid quartzit . El 'h re throuahout 
th el i. tri t the " Whit ' limeston i underlain by 
the. e hnles and in no oth r locali ty than the 'l'u son 
011 n ar they kno' n to be ab n t. 'I' hi fact i of 
gr ea practical importanc b au in om plac 
the ca.lcareou bed in the hale app ar to b m ro 
favorable for the clepo iti on of ore than th " Whit ·, 
lime t ne above ; a.l o becau th ir fr qucnt c nfusion 
,,-ith th " Whit " p rph ry ha omct im 1 d to un
for tunate mi tak in minina d v lopm nt. ot only 
ha prop r , ear h not been mad in th m for or , but 
expensiv diamond-dril ling perati ons haxe b n ren
d red worthle by th ir in ·orre t dot rminati oo a 
p rphyry. 

Emmon al o mention h pr ·en in the haly 
member of th " Lower ' quartzite of amphibole and 
pyroxene an l of co n id rabl ·rp ntin leri v d from 
them. o u h occmT nc hav be n b crv d by 
Irvina and Louahlin in th L arlvill di t ri t, although 
th y rna r be pre ent, pa.rti ularly n IU' on tact ' with 
intru, ive p rphyry. 

GE LOGI AGE 

Th COlT lat ion ta.ble facina paa 22 
th Cambria n quartzite of Lcadv ill 
traceable throuahou t tb central and 
portion of Colorado, although th exact 
i perhap un ertain in pla 

'J'h only fo. ils found in th ' Low r ' quartzite 
near Lea dvill are tho mention rl by Emmon in the 
L ad ville monograph . Th fo i1 w r not ob ained 
' ithin th limit of the L a.dvill eli tri t. Emmon • 
de crib the occurr nee a follow : 

The only fo il remain found in thi ries occu r in a b d of 
greenish chloritic hale on the ea t fl ank of Quandary Peak, 

. abou a mile above the Monte Cri to min . They belong to 
the genus Dikellocephalus and re emble closely Dikellocephalus 
minnesotensis of the Pot dam formation. 

Owing to the thick covering of forest immediately ea t of 
the point where the e fo il wer found , it wa impo ible to fix 
with ab olute certainty the exact horizon of the bed in which 
t hey occur. They are imm diately above a heavy whi quartz
ite and beneath a bed of white marbleized lime tone, which is 
in t urn overla in by the quartzi te which carrie the Monte risto 
ore depo it. From analogy with other sections, howev r, it 

ems safe to a sume that it occurs above the main body of 
quartzite and near the ba e of the transition eries . 

Fo sil were likewise obtained by Cro from n. 
r ddish-brown andstone 45 feet above the pr -Cam-
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brian on the ea ·t bank o:f Trout Creek in Manitou 
Park, among which was an elonaat form of Lingulep · 
allied to L. pinnaformis of the am brian saud tone of 
Wi con in. Th fo sil , according to Schuchert, 5 are 
of pper Cambrian or more probably of ba al Ordo
Yician age. The fauna from the r ed calcareous and-
tone al ternating with white limestone 105 to 122 

feet above the pre-Cambrian in the Manitou region i 
of Lower Ordovician character. These fact em to 
indicate that only the heavy quartzitic portion which 
con titute the lower member of the formation re:f rred 
by Emmon to the Cambrian may be safely . o re
ferred and that the upper haly member may po ibly 
be of Ordovician ag . nt.il more conclu ive V J

dence i availabl both th quartzite and the " tran i
tion hales" will continu e to be la ified a pper 
Cambrian. 

In hi report on th lma di trict Pa tton 6 d cribe 
fo il pr umabl from thi forma tion a follow : 

The only fo il from the ambrian found in the Alma di -
trict were collected from a talus slope at the foot of a liff on 
the south side of Buckskin Gulch. These were b rachiopods 
and were determined by Mr. Edwin Kirk, of the n ited tate 
Geological urvey, as probably referable to Billing ella colorado
cnsi~ ( humard) and a re con idered by him as undoubtedly 
Upper amb ri an . 

In di cus ing tho Cambrian of Colorado Walcott 7 

ay : 
That t he pper ambrian zone i repre en ed i fairly '\\·ell 

proved by the Mo quito Range ection and that of Trout Creek 
of the Colorado R ange, and it is v ry probable that the and
tone·, co rrelated with t he Pot dam, reall y belong within t he 
pper ambrian horizon. 
From our pr ent knowledge th pper ambrian zone i 

the only portion of the group repre · nt d in Colo rado. 

Thi conclu ion make it nearly cer ain t,hat ·trata 
repre nting Middle and Lower ambrian time ar 
ab ent from the region of the a\\ atch and Front 
rang<:>. and confirm the upp ition that thi en tir 
nr a in luding th L ach7 ill dis triet, wa. A land ur
fa cAt that tim . 

YULE LIMESTONE 

Th ro k in th Leadvill di tri t that ' r d ~ ig
nal d by Emmon 11 Whit lim ionr ' and Parting 
quartzit ' togeih r c rr pond t, the Yul limo t n 
of the n thraci t - r t d u tte and other area f 
central olorado, and in Emm n r port on th neigh
brH·ing T nmile eli t,ri t th y w re d icrnat d Yule 
bmc ton . In th pr n t r por t , therefor , th ro k 
ar II cti el .alled Yule lim . t n and ar di vided 
into a lime ton m mb r below and a quar tz it mem
b r above. For th conv nien of the minino- public 
the familiar d cripti terms 11 White " lim ton and 
/( Parting ' quartzite ar here r tained to d ignat th 
ubdivi ion of th Yule lim tone in the Leadville eli -

'Written comm unication to J . D . Irvlug. 
'Op. eft., p. 61. 
1 w ,. lcott, . D., U.S. Oeol. Survey Bull. 1, pp. 363- 35•1.1 Ul. 

t.rict, and throughout the tex t except the tratigraphic 
chapter the names are u eel without quotation mark 

A 
WHITE ' ' LIME TONE MEMBER 

NAME 

To the dolomitic limestone that interven between 
the uppe'' haly member of the 11 Lo ~Ter " quartzite 
and thelowermo t layers of the " P arting " quartzite 
Emmon appli ed the term " Whi te lim tone." Thi 
t rm is, however , a mi nom r, becau e much of the 
lime tone o clo ely approach " the Leadvill e or 
' Blue " limestone in color, especially where the latter 
ha b en bleached by min ralizing action or ha b en 
partly recrrtnllized by contact metamorphi m, that in 
some parts of tho field the two are not di tingui hable 
by appearance, but only by tratigraphic po ition. 

DISTRIBUTION 

The ' Whi te ' limestone o ur on th bedrock ur
fa ce only a narrow trip extending about north and 
outh an d it crop out only in a f w widely cattered 

places. Jor th and w t of Leadville a larg area of 
' White" lime tone has b en repre en ted from ' hich 
it is beli eved the overlying rock have b n roded. 

o ati factory evidence from haf or drill hol is 
available in thi ftrea, an cl the occurren e a indicated 
i mAinly hypothetical, though in accord with the 
characteri tic L eadvi1l tructure. The exi tence of 
the hypoth ticnl fault we t of tho lou l ity fault is 
render <.'cl extr mel probabl by th re ord of the 

purr driJl hole and on the basi of th i a sumption 
the " White" lime ton ha been here r pre en ted. 

THICKNESS 

The thickne of the ' Whit " lime tone m mb r 
average about 120 f et. In orne pla e it is slightly 
thick r , but many of the haft and drill-hole re ords 
c Uected how a mAll r tbickne . 

Owing to i thin bedding and haly character , the 
' Whit " lim tone contain more in tru ive hee of 
porphyry than th L adville lime tone. Thi i par
ticularly no tic a bl in the Iron Hill region wh r the 

Whit lim on i o mu h divided up by intru ion 
of " ray " pr1rphyry tha it thickn m everal places 

increa eel to full y t ' i the normal. 

PETROGRAPHY 

The' ·white ' mainl of light-gray 
thin-bedd d iliceou dolomi t i lim tone invariably 
cry tallin , interb deled with v ry thin layers of hale, 
mo t f th m very dark gr en , orne almo t black. 
The proportion of hale cliff P in different places. 
To' ard the top th pa ag to the " Parting ' quartzite 
memb r i in place marked by a eri of tran ition 
hale imilar to tho e in the upper part of the Sa watch 

• Records or mining companies, whicb include the" transition shale;" (p . 26) lo 
the "White " IIJoe· tooe, give the average thickness as 160 feet. 
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quartzite, though th inn r. Thes ar u ually thin- phou. or crypt iii n may b pr nt, ob. 
bcdd d gray t yellO\\-; h cla~- ~hale 

1 
which parate " ur d by the n pi UOU fl ake of kaolin ( n. 

o as to pr n t a m oth . crray imp rm able urfa On of th m t charnctNi ·ti feature 
1n Lh r of of a top' r tunnel. In om pJac the) nt 
begin to app ar 15 fc t bclo"· the " Parting " quartzit 
into whi h they gra l by becoming interleaved "· ith 
thiolay rs fquartzitc. Thotran itionfromlim too 
to quartzit i thorcf r gradual in mo t pla es, and 
looall · th haly lay 1 appear at brief inLerval 
throughout the quartzi te member, o that unlo. the 
quartzite i very carcfull- o u~h t it pre cnro mt y b 
mi d ntircly . 

Th ' White lim to n i, much lc ' uniform than 
tho ' Blue ,. lime tone both in litho! cr i chara t r tmd 
in chemical compo ition , anrl is much more commonly 
interrupted by bed of clay hale and andy . halo aL 
variou horizon . F ew uf th individual bod of lime
stone arc mor th an 3 or 4 inche in thi kn o , and layers 
of dark-groeni h hale eparat th0 pure lime tone 
layer von where the lime ton err a tly preponderate . 
Where the lime ton i d compo eel into e. ft mate
rial by the action of urfa e wa t r~ tho thin-hedd d 
character is u uall y still r coo-n izable. 

omo of the pur r Jimc~to nc layer ' dnoucrhou th 
di trict arc m rc coa1 -ely cry ta lline than th Lead-
ille or" Blue 11 lime tone· others are finecrrained. The 

individual grain in h oarser lim tone are a much 
a a n:llll.imeter or more in diameter and ho in the 
fin r-grain l beds a\ racre 0.02 millime er. Grain of 
dolomite predominate over tho e of alcite. 

orne calcite grain are readily di cernible in thin 
ection by m an of the · twinn ing plane parall 1 to 
- Y2 R , and they ca n al o be recogn ized in po,\der cl 
ampl by their ind x of r fraction. Where identified 

in thin e tion they ha,~e irregular outline and tend 
to urround dolomite grain . In all pecimens of the 
" White 11 lime tone examined calcite i pr ent in on-

iderabl quantity and on the whole i uniformly 
di tributed. Tho dol mite grain are of th am 
iz a those compo d of calcite and in thin e tion 

have a more eli tin tl rhombic outline. Th rhomb 
nre lightly clouded wi th a very fine du t , but orne 
have a clear outer zone. Rhombic arain may b on
fu cd in thin ection with in:lllar crrain of mangano-
iderite, which i abundant around ore bodi , but the 

di tinction can readily be rna le by powdcrino- the ma
t rial and det ermin.ir.g it index of r fraction in oil . 
Thin ection of le pure limestone how a mall 
amount of quartz, which fills in ter tice among dolo
mite grain and partly or completely in lo es orne of 
them. A little very fine-crrained mineral re embling 
ericite i al o pr nt. 

The in oluble r idue of pecimen from the Mi
kado and tar Coru olidated min consist mostly of 
minute flakes of kaolin or ome similar aluminum ili
cate, with considerable p rite in minute cubic grains. 
Jo quartz wa identified here, but con iderable amor-

Whi·t,' lime
n a lied b Patton,' 

is tho pre ·en ·e of irr crula r I n ti I u ually arranaed 
parallel to the tratifi ntion in whi h tho iliea i more 
abundan than through th body f th rock Where 
th rock i unwenthrred the c I 11ti lc are imp rccp
tibl but on ,,. athC'recl urfacc they tand ou in 
relief. 

CHEMICAL COMPOSITION 

Th Whi te ' 

Analy s of " W htte" lime ·tone 

2 

------- ---- ----
aO - - ·- - --------------- - ____ ______ 2 . 60 

:\lg --- - -- -- --------------- ---- -- - 17.41 
FeO ---- - - --- -- - - - ---------------- . 3 C02 - .-- . . . -- _ . . _. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 40. 01 

i02 -------- - --- - --- - ------------- 11. 4 

2-1. 2~ 
15. 4 

t~~ ==== === ======== == ==========J i: ~L ~- --- -- - · · KzO -- -. --- . . - _ . . __ . ______ ____ . _ _ _ . 017 ___ . _ . . ... 

l!o~-~ = ==== = = == = === = = == = = = = == = = = = == ---- _·_ ~ -- -
bi~~======= ============== = ======== T~o~e. 

. 01 

. 10 

I - ---- - -----.- -- - - - - - .--- - ----- - -·· Trace. __ __ -- --·· 
Organic matter. __ ____ ____ __ _____ ___ ___ . __ ___ _ Trace. 

100.436 1 100. 06 

Two analy of the uominendized time ton layers 
are giv n above. The fu· t, by W. F . Hi llebrand, is 

'Patton, B. B., op. cil., p. 51. 
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quoted from the L advill - monogrr.ph and repro ent 
II p cimcn from th quarry in c.ali~ rnia 'l.tlch. The 
econd i quoted from the de cnptwn by Rtekett 10 

The calcul ated mm ral compo iti n of o. 1 i a 

follows: 
Mineral compo i lion of " Whit " lime ·tone f1·om . 

Califomia Gulch 
Per cent 

alcite ---- - -- ---- - -- --------------- ·-

{ 

'a 0 3, 44. 70} 
Dolomite i\,Ig 0 3 , 36.51 --------------

. l•e 3 , 1.39 
Qu a r tz __________________ ______ ______ _ 

Aluminu m ilicai -------------------- -
alcium ilicatc ------- - ----- ---- ------

F rric oxide _______ __ ______________ - __ -
Alk:l li and ca lcium chloride ____ ____ . ___ _ 
\\ ater (in alum inum silicate, fe rri c oxide, 

a nd chloride) ----- -- ----------- - ----

1.5 

2_ 6 

10. 1 
2. 6 
1.5 
1. 5 
. 1 

. 5 

100. 4 

Thi calculation agree clo el ' ith min r al - found 
in thin c tion and in olubl residue , althouO'h the 
pcrccnta<YC of calcit may b 1 w r than th average, 
and tb rat.io of quartz t aluminwn ili ate a pp ar~ 
hiuh r than in h in oluble r iducs examin d. Th 
pr enc of a mall amoun of iron arbonate i charac
tori tic of mo t dolomite rock. It may al o indicate a 
·light imprecrnation of the r ck b y mangano iderite, 
but that mineral i co nfined to the immediate vicinity 
of ore bodie . Th alwninum ilicat i. t o iinely di
Yided o be d termined ac ura t 1). It · m ean ind x f 
refraction (about 1.56) tog th r wi th th l fici ncy o; 
pota b, how that v ry little if any, eri it i pre eu t'. 
No calcium ili ate wa reco<Ynized and the amoun 
record d merely xpre e an xc of lim o er the 
ava ilable carbon dioxide. F rric oxid 1 

minut du tlik gr ain , . orne of which ar 
deriv d froTn p ri t . 

The ratio of dolomite to cal ite in th Yul lime tone 
i furt h r illu trat cl bY Lh ' f II win" t ab! rccnl uln.t d 
to 10 p r ' 0 fr rn partia l analy · by H illrhrand-
~o . 1 and 2 gi n a o and Lh o her ' in th L ad-
vill mon grn ph, pag 59 • 1 

Ratio of dolomil to calcite in l' ul lim sloll 

2 1 3 _ 

50. 41 53_ 5 1 44. 6 
42_ 3 -*5. 0 37. -

92. 71-9.5---2.1 
7. 3 1. 5 17. 9 

. 2 Cal i tc _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 

100. 0 100. o 1 100. o I 100. o 

alnclud also ( Fe In) ·o,. 
---------------

" Rick t , L . D. , 'l'l:e r or Lean viii and the :r mode of occurrence a 
lra<ed lo the Morn ing and Evening t.ar mice, Prince:on, t 3. 

Ratio of do?omit ~ t ca!cile in Y nle limc·tone--Continu rl 

.) 6 

D 1 
., { a 0

3
_______________ H. 0 4f_ 3 5-l. 3 

OO tlll "e Mg Oil _______ _______ ~7. 0 1 __ 3~ __ 45. 7 

1. o I 7. o 1 100. o 
alcite ____ ___ _____ ____________ , 19.0 13. 0 0. 0 

I 100. 0 I 100. 0 I 100. 0 

--------~-----
• Incl ud ~s al o (F c.\l n)CO , . 

1. Quarry in a li fornia ulch. 
2. Carbonate Ilill , "i\l orning tar or Ev ning tar mine . 
3. D yer M ountain , marbl ized bed . 
4. B elow D yer mine, Dyer :\Iountain (light blue, compact) . 
5. Below Dyer mine, D yer :\lou ntain (pin ki h , decompo cd) . 
6. Red Amphitheate r, B uck kin Gulch. 
7. Pure dol mi te for compari. on . 

T he e recalculated analre indicat thn,t the 
' White" lime tone a a whole ontain considerabl 
cal it . Th ori<Yinal analy e , not quoted her indi
cate that iL hal y mn.terial range from ery litt.l to 
nearly 50 per ent of th rock by w ight. In both of 
the c r pccts the " White" lim tone i trikingly dif
fer ent from the L eadville lime ton e which i an 11rl 
pure dol mite ro k throughout. 

ALTERATION 

In certain pla e under <Yround th e " White" lim e t u' 
i eli integrated and fall to a 1 o and wh n tru ck 
with a hamm r. Com pari on of a ample of thi 
with solid rock from the am b d in th e ta r oo oli
clat d mine howcd no appreGiabl c difl' renee in om
po ition. Th and a well a th . olid rock con i t 
mo tly of dolomit ,,-ith con irlerable cal cite and in olu
ble r e idue of kaolin (~) and pyrite. The rock h s 

iden 1. been leach d alona the qounda.ri of i t c m
ponent grain . alcitc wa pre umably mor rendily 
di olved th11n dolomite, bu on])- a mall paTt of it 
hu · b ' n r muv d. imjJar <HHl d riv d fr m the 
Lcad,-ill or ' Blu ' lim ' abundant nd 
i di u eel n paO'e 36. 

GEOLOGIC AGE 

' Whi c' lim n and th 1 Parting quartzite 
w re in luded by Emmon in th ilw·ian, but there 
now eem t b li ttl d ubt that both ar of Ordovician 
ag . In th ' Whit ' lim tone no f il ·in pla e 

di cover d by Emm n . H taterl howe\er 
ast of Rhynchon lla between R. n gl c~a and 

R. ·indian n.s · f theN ia<Yara (middle ilw-ian) epo h 
' r obtain d from a pro pc t haft in California 

'ulch not far from the 1 White' lim ton quarry, in 
uch a po ition a to uO'ae t that they had been de

rived from bed · of thi formation at least 50 feet abov 
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ba e. On the other hand, pecimen obtained b 
Emmou from the talu lop at the foot of liff in 
Dyer mphith atcr and on W t .. h ridan Mountain, 
in a matrix of light-dro.b I imestono that render it rea-
onabl ertain that they were d rive l from ome of 

the b d of this horizon, contained the following pecie 
which a cording to chu h rt 11 u<Tge t ba al o Middle 
Ordovi ian: L eptaena melita Orthi ina like 0. p pi
nensi , iphon of an Endocera . 

Patton it certain indeterminable cy tids in a poor 
state of preservation obtained about halfwa up the 
lope of P on ylvania Mountain, on the ea t ide of 

the ([ quito Range and tate that , ac ording to 
Edwin Kirk, of the 1 ited tate Geological urvey, 
they represent type o far known only from the 
Ordovician. 

orne of the fo il coll cted by Emmon are di.
cus ed by Girty 12 in the following para<Traph: 

There i but little evidence of the exi tence of pper ilurian 
strata in olorado. Emmons tates (Leadv ille monograph, p. 
61): "Ca ts of a Rhynchonella, between R. neglecta and R. indian
ensis of iagara epoch, were found in the pro -pect shaft in Cal i
fornia Gulch, not far below the Whi te lime tone quarry, in uch 
a po ition that they mu t have been deri ved from the bed of 
this hori~.QJI at least 50 feet above the ba e of the formation ." 
The ev idence of thi one pecie i not important, nor i the 
deduction drawn from it by Mr. Emmon that any portion of 
the Yule lime tone i of pper il urian age; and in view of the 
extreme rarity of Upper ilurian strata in the We t, considering 
be ides that none are known elsewhere in Colorado, and that 
the Yule limestone has in many place furni hed an Ordovician 
faun a, it is only fa ir to rea on that Upper ilurian time i not, 
so far as known, repre ented in the rocks of the tate, and that 
the ev idence for it existence near L adv ille i due to the im
perfect condition of the fo il or to ill-considered identification . 

From the comparat ive cer tainty wit.h which the 
" White" limes.tone of Leadville may be correla t d 
with the Yule lim tone of the T enmile di trict and 
the probable accuracy of its corr Jation with the ame 
limestone in the Aspen, Cr ted Bu tte. outh Park, 
and oth r districts of central olorado, ther wotdd 
seem to be every reason for regarding the geologic 
age of the "White" lime tone a unquestionably 
Ordovician. 

11 PARTI G" Q ARTZITE MEMBER 

NAME 

Above the " White" lime tone and b low the Lead
vill e or " Blue" lim ton occm a comparatively thin 
tratum of quartzite which i remarkably per~istent 

both in the Leadville di trict and throughout the Mo -
quito Range region. To thi quar tzi te the name 
" Parting quartzite" w given by Emmon , a it sepa
rat the two Jim tone . I ts p rsi tence ha made i t 
valuable above all other bed in the Lead ville region 
for the determination f the amount of movem ent 

11 Written communication to J.D. Irving. 
n Oirty, G.B., The arboniferous rormatlous and faunas or olorado: U.S. Oro I. 

Survey ·P rof. Paper 15, p. 156, 1903. 

1 whi h has taken plac alonO' fo.ults. As xplaincd on 
pr ceding paO' , thi q uo.r tz i te orre pond to the 
upp r part of the Yul lirri ton , and it i th r fore 
here t reated a a m mber of th Y ul 

PETROGRAPHY 

In its charncteri. ti dev lopment the " Parting" 
quartzite i a rather th ick bedded quartzit which 
ranges fr m 10 to 70 f t in thickne and averngc 40 
fe t. I t th ickne and tho chan()'e in itA li tholoaic 
charact r may be appr iat d by an examinati u of 
th shaft ection hown in Figure 9 and Plate 29. It 
i in few places harply mark d off fr m h blue 
L advill lime tone abov and tho " Whit " lim tone 
below but ()' nerally appears to pa in to the Jim . 
tone through a eri of v ry thin shaly b d , which 

are in ome place calcareou , in other~ argillac' u , 
and in till other andy. Locally there are ucce ive 
alt rna tion of thi n bed of quartzite, lim ' ton , and 
hal of different kind . The e haly b ds betwe n 

limestone and quartzit hav cu tomarily cap d the 
obs rvation of tho e in r t d in mining. In n arly 
all record of drill hol aud haft they arc includ d 
wi thout furth er comment in th lime ton or ar et 
do' n a· porphyry. B ide marking th transition of 
quar tzite in to th ad jac n t lime tone th y o cur iu 
variable thickn e and at irrcO"ular int rval throuoh 
he quartzite it elf. In om place the 'Par tina" 

quartzite is divided into a many a fiv different layers 
of quartzite and hal , th hal }aye equaling 
tho e of quartzite in thi kne . the haly layers, 

p ciall if calcareou , are more r adily r pia d by 
mi uera lizing olution many of the ore bo li tha are 
aid to o cur in the quartzite are du m r ly t the 

r placcm nt of haly la r b tween the qun.r tzite b d. 
The shaly layers have al o afford d path for in trusive 
p rphyry bodie , and ill of both the "White" por
phyry and the " Gray" porphJT· are found h re and 
there within the " Parting'' quartzite. 

The quartzite layer con i t of grain of blui h-whit 
quartz which range from 0.25 to 5 millim t P in diam
eter and average about 0.5 millimeter. In plac Iaroe 
pebble of quar z ar pr ent. Component quartz 
grain are een under the micro cope to on i of 
mor or less well-round d ()'rain enlarged by the addi
t ion of inter tit.ial silica. It i u ually very difficul t to 
detect the boundary between the newly added quartz 
and the original grain, but the addition of cementina 
material has imparted to the grains an int rlo king 
character. In the les pure bed the matrix c n i 
partly or wholly of carbonate and aluminum ili cate . 
The original quartz grain ar filled with a gr at pro
fusion of indeterminable minute inclu ions and are 
pre umably deriv ed from the 'pre-Cambrian granite 
and related rock that constituted the land urface 
from which the maLerial was derived. Inclu ion of 
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musco ite and minute rutile needle are pre ent locally 
in the quartz grain . . 

Conglomerate occurs in a f w place at the ba e of 
the quartzite. Where it is weather d orne of the 
quartzit ha a andy appearance, as corro ion of the 
matrix ha le:ft th original detrital quartz grain . 

In many places where oxidation i deep and the ol
vent action of ground water has b en increa. d hy 
acid derived from th oxidation of ore bodies the 
quartzit , particularly in the b d with carbonate 
matrix, ha been completely di integrated into -a lo:) e 
quartz and. In th R obert haft u h a and wa 
charged with water and was o completely disinte
grated that it be a me a q ui ksand and made mmmg 

--

Downtown 
(Penrose 
D.O.H.No.2) 

limestone, 
thin-b.dd.d 
and shaly 
at ba~e 

~fui -------
59~·.-$· Hard quartzote 

~4& Hard quartzite ---
Blue clayshai;--
resembling porphyry 

Thin ·bedded 
limestone 

GEOLOGIC AGE 

The " Parting " quartzite i generally in apparent 
conformity with the blue L adville lime tone above 
and the ' White" lime tone below, at lea t so far as 
can be determined by observations within the Lead
ville district. Emmon , however, noted what he 
believ d to be an unconformity between the quartzite 
and the Leadville limestone on the Ea t Fork of Arkan-
a River. He also mention a p uliar brecciated 

s ructure at the base of the L eadvill lime tone which 
he interprets as an indi ation of unconformity . 

Patton 13 mentions two place wher the ' Parting" 
quartzite i ab ent. One of th i on the ummit of 
Moun Lincoln the other a cliff ection on the ide of 

?---------

Adelaide Park 
(Pork No.l•haft) 

Blue 
limestone 

Iron Hill drill holes 

Canterbury Hill 
( Minneapolio shaft) 

Moyer 
O.O.t1 .79 

Moyer 
O.D.H.80 

Vertical ocale 

Louisville lateral 
Yak UO.H.I05 

Moyer 
UD.H.39 

50 0 50 100 1.50 f"fET 
~~~~----J------L----_J 

FlOUR~ 9.-Colwnnnr sections showing variation in thickn 

operation f r a tim v ry difficult. Thi onditi n 1 

parti ularl ·ommon in th Downtown di tric . 

RBLATION TO MINERALIZATION 

b n 
ralizing 
form d 

and litholog)' or " Parting" quartzite in Lead,· ille di trict 

a gul h running ea t from the ummit of Mount Bro 
Thi ab n e may be indi ation of a tratigraphic 
br ak. Fw-thermor , the few fo ils thus far found in 
adjacent formations ugg t tratigraphic breaks at 
both i upper and it lower conta t. 

Th Leadville lime tone i probably in its lower 
memb 1 evonian. Th ilurian appears to have no 
r pr ntati e in the Leadvill di trict. An uncon
formity would therefore indi ate that during the entire 

ilurian and part at 1 a t of Devonian time a land 
urfac mu t have. xi t d that wa ubj ct to ero ion. 

No fo il ha e ever been recorded as having come 
from the "Parting" quartzite in the Leadville region. 
Its geologic po ition can not therefore be accurately 

II Op. cit., p. 52. 
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stated. purr in hi A pen moo onph orr lat th 
' Parting' q uartzi t in th A pen di trict with that at 
LeadYille and on the bn i of th vi l nee furni hed 
b:y fi h remain a ign the quartzit to the De ,·on i ~t rl. 
This matter i con idcrcd n. orne lenoth by ir y 14 

who um it up a follow : 

Al though p urr found D voni an fi shes in th e Parting quart z
ite at Asp n, it hould b horn in mind that imilo r fi sh re
m ain of D evo nian types occur in the Harding ·and tone, who e 
Or lovician age. e m to be cure, and in the calcar ou clivi ion 
of the Yule lim ton in the re t cl Bu tte quadrangle, of who e 
Ord vicia n age there i al o little doubt. In view of the-e fad ' 
th force of t h i e,·idence is Jarg Jy d troy d. on idcring 
t hat th onl y known Paleozoic horizon in oloraclo di tingui hed 
for its fi h r main. i in t he rdovi ian, tha t th e Parting quartz
ite i epa rated from th Leadville lim ton e, a t L addlle at 
least, by an ero ional unco nformity, a nd th at t he lower port ion 
of the L ad ville lime t ne conta in over huge a rea a De,·onian 
fauna, it eem to me that the e videnc prepond ra te in fnsor 
of th e Ordovicia 1 ra ther t han the Devonian age of the Parting 
qua rtz ite. 

After on iderino- nll the ava il ab1 cvidcnc the 
"PMting ' quartzi t i here en ativcJy cla ifi d as 
Ordo 1Cifin. 

LEADVILLE LIMESTONE (" BLUE " LIMESTONE) 

NA ME 

The formation to which the name L eadvi ll e lime
stone i appli ed ha throughout the L eadv.ill di tric 
and over a mu h g;:-eater area a preva iling dark-blue 
color, and it was ior th i rea on that Emmon applied 
to i t the term " Blue lime tone." Wh n the T enmile 

urTeyed , in 1 1- 2 the northern exten
ame formation wa de ignated the L ad

lime tone, in order that i identi ty wi th the 
" Blue" lime ton of the L eadville district migh be 
the more readily apparent, and in later geologic work 
b y other author~ in central Colorado thi name hns 
become fixed a a de ignation for the paleontologic 
and trat igraphi equi valent of th i formation. The 
b1ue col r of the limentone i ma ked a many plac 
in the min ralized por t ions of the L ea,dville di tric 
owing to the decoJorizing action of either igneou in
tru iv or mineralizing olution or bo h , o that the 
d es ignation " blue" i not everywhere d criptive. 

The u e of the term " ore-bearing limestone" em
ployed b y Emmon h been abandoned as mi leading. 
When th L eadville monograph w written there were 
rea ons for b li ving that the ore would prove to be 
confined mainly to thi formation, bu t the xten in 
exploration ince that time has hown that the White" 
lim stone al o has been exten ively r eplaced by ore. 

The Leadville lime tone li for the mo t part in 
apparent conformi ty upon the " Parting " quartzite 
and extends upward to the o-caUed " Weber hal ," 
whi h appear to lie conformably above it. 

" Op. cit. , p . 161. 

DI 'Tltlil TJON 

Th Leach- ill lim . ton i.· pre en th r ughouL the 
LeadYill dis tri t x •pt at a few 1 cnliti · wh r·c it 

d d. On of t h lo a li tic. i · jus t nort h. 
ol01·ado Prin fnult , whcr granit , por
ambrian qua.r tz it occupy th urfacc. 

The Leal ill limP one r a he· th b drock s urfnce 
in \'eral compn.rati'7 ly narrow, inuou band cro . 
ing the dis tr i tin a cr n l'ill nor•h - uth dire Lion. A 

ry wi I band of it having a rou<Yhly S-shuped fonn 
i incl icat d on th o- ologi ma p !h; p r ' t'll benea th 
the ei y of LeadYi ll c. I t ext nd both north n.nd ::~o uth 
to the limit · of he L advill el i tri t. D a t a. for the 
exact to n,tion of thi Jim Lone band ar c not available, 
and it pre en c ha b •en det ·rmined by inference; 
its boundari a drawn ma - th r f r b con id ernbly 
m rror. 

The L advill lim ton i · rar<.'ly . •n in uicrop, 
owing to the wide pr ·a d. v ring of Lh gla ial dep . 
i ts and ' wa h. " It i foun l u th t •ep wes tern 
lop of Iron Hill and arbonal Ilill , whcr the 

" wa. h ' ' i comparativ ly thin and in the b d of uti. 
fornia Gulch, which ha be n d ·p ne l b. - po tglacial 
ero 10 11. Only a few other ou tcrop ar known. 

TBI K E 

Th a'>·m·agc thi kne L ead ill lime tone in 
th L eadville district i 2 0 fc t. 
be considered fairl -r con taut thr twhout the 
quito R ange. In a fe,. locali ti h r e ln!S to be 
orne tendency to ,mrcl a th inning f the formati on, 

shown b y section in neighb ring part f th M . 
quito Range (pl. 29) d cr ibed by Emmon 
L eadviU mon graph. The thi kn .in th e: e s c
tion i as follow : outh ide f R d mphith ater, 
160 fee t; outh M o qui to ection , 130 feet; top of 

he p Mountain, 200 f t; M oun t Zion, 125 feet ; r l 
' all of D r A.mphi th at,er , 15U feet,. H i · uuL ccr· 
tain whether the uppermo t memb 1~ of th Lead· 
vill e lime tone are in lud d in th firt two of th 'e 
ecti n . In the Downtown ar a th r i a light 

thinning of the L ead ville lim ton toward the we"t. 
In pi c of th e vari ation in thickne , whi ·h may 

be a cribed to un qual s dim ntation , th min xpl<r 
ration have hown con lu ively that o,-cr th !argcr 
portion of the LeadviLl e d.i t ri c t the L eadville Lime· 
tone \ari ver.v lit.tle from it averag thi kne of 

200 f et. 
It mu t be r em embered that thi formati n i nearly 

every where divided into everal fraction · by the por
phyry sheets that have been forced into it. ( eegeo
logic e tions on pl . 14- 1 , 20, 21, 23- 26, and 2 '.) 
Where an intru ive heet is very thick it may at firs t 
appear that the lime ton e is thinner than the average, 
but further exploration .is likely to find the r mainder 
of the limestone beyond the intrusive heet. 
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' limoni e derived from pyrit · but most of them are 
bituminou matter, as hown b h mica! te t oi the 
in. oluble re idue. 

Correlation mad<.' in the manner above t forth a] o 
reveal a eri of in tcre ting variat ion in total th ickne 
which are the r ult f mechani a] deformation pro
duced by he in tru ivc . In orne place an irregular 
intru i vema of porphyry occu pi for a hort horizon- ' 
tal di tanc almo t the ntirc spaee betw n the under
lying "Parting' quartzite and the overlying " V\ eber 
shale " or th ' V\ hite' porphyry. uch a rna s of por
phyry ha ,· mu 1 room for it elf by thru ting a ido the 
lime tone thnt form rl y occupied th . pace. Evidence 
of u h thru ting ar num r u throtwh ut the di trict 
and con i of t ep and 'Taning local clip , tho effect of 
cru ·bing, bedding fault , and r ult. of other dYnamic 
phenom na. 'fh t~1i ~ of the L advill lim . ton 
is locally incrca cd 1n tlu way to a. mu h a 250 feet, 

11 illust raLcd in the ction on Plat 1 and in the 
tcven min on R ck I ill. 
In om place por ion f th lime tone ha,·e been 

ntir ly ·urroundecl by the intru iv porphny. The~e 
inclu ion 11.re pr bably more numer u than ha ye 
been noLed p ially in the Bre . e Hill area to the 
en t of the orth Mike and outh Mike haft . The 
occurr nee of a lara , valuable ore body in one u h 
in lu i n of lim ton wa r \eal din the ifoy r mine 
b explomtion ba d on r cognition of the undue thin
no~ of the L acl,ill lime ton b low the porphyry. 
The lime t ne thr ughout Lh min be w en the ' Part
ina" quarLzit and the O\ rlying " Whit " p rphyry 
had a th:ickne of only 125 feet. The grea ''idth 
over wliich thi undu thinne xt nd d r ndered it 
explana ion by eli tortion due to he porphyry intru ion 
inapplicable. It wa at firt uppo eel that the mi ~
ina 75 feet had been float d up on top of th " While" 
porphyry rna and had b en remov cl by erosi n from 
above what i DO \\ th top of Iron Hill. . ome d0ubt 
a' to thi upp sition xi ted in the mind of the man
aaers, audit Vla decided to put up drill h le' into the 
porphyry roof to a ertain whether addit.ional lime-
ton miaht n t haY b n wholl)· in I cd in the por-

phyry ma . Th drill h 1 " tli 1 d th mis ina 
lim ~ t n whi t eotir ly r plac ·d by or 

PETR RAPITY 

me 
rite or as 

Where the lime tone i ~ expo. eel on liff fac it 
b ddinu i mad clearer by w athering and u ually 
how incli,iclual bed that rano- from 6 inche to 

mor than 3 feet in thickne . . The average thickn 
of ingl bed in the upper two-third of he formntion 
i about 3 feet. The lower third i thinn r b cltlcd. 
The bedding plan in orne pia ar incli ated by 
\rry thin , lightly mor argillac ou laycP . nd r
gTound th bed Lng i u ually lc on picuou and 
' her urfac \Vaters hav affe ted i th y ha'e robh d 
it compl t ly of all emblan · to bedding o that in 
the oxidized zone the dip and trike ar ommonly 
tli.ffi ult to determine. 

Even th fine ·t-grained va:rictic are li. tin tl y cry -
tallinc and imperv ious. Cal ulation from the p cifi 
gravity f a pccimen bef r and aft r rcdu tion to 
p wder indicate., a poro ity of only 0.03 per cen by 
volum . In th finer-grained b d inule grain ar e 
barely eli c mible\vithoutamicro ope ; in thecoa1 or
grain d bed they may ex ecd a millimeter but ar 
mo tly only 0.2 or 0.3 millim ter in diameter. The 
coa e. t grain i mo on picuou near or bocli ~ and 
intru ions of porphyry and in place where the rock 
h be n deformed and recry talliz d. 

The ro k con i t almo t en tir ly of dolomite in ir
regular in erlocking aTain , a f w of ' hich approa ·h a 
Thombohedral outli n (pl. 35 A ). No other mineral 
may be recognizable in thin ct:on , but th in oluble 
r iduecon i larg lyofirr gularquartzgrain du t d 
with black pecks a littl alkali fell par (micro
cline and perha.p a lbite or oligo la e) pyrite in pl a 
alter d to limonit , and bituminou matter. om 
r idu exami ned contain ruinut urain resembling 
fluorite, and othei~ well r mo d from ore bodi.e 
grain re emblin(Y zin blend . 

A hara t ri ic f atur of th blue dolomite bed 
throuuhout th reuion i th pr n e f whi tr aks 
and pat he of oar~ -!ITain d dolomit . The White 
dolomit ommonly forms hort parallel tr aks b -
tw n tr a· of typical blu dolomi e and the om
binat.i n ha b en aptly t rmed ' z bra rock. ' , mall 
,-ugs ar commonly pr nt in th wh ite par and are 
lin l with rhombohedral cr al of lolomi orne of 
them with haract ri tic curved fac . On Carbonate 
and Iron hill , and in th R d Cliff eli tri , to the north, 
t.h pat he of zebre ro k ar commbnly found near 
ore b eli . hemical t how no appreciabl dif

hemical compo ition of the white dolo
that of the original rock, and the whit 

dolomite i evid ntly th re ult of recry tallization 
during th peri d of ore depo it,ion. 

h rt ( ' fiin t' ) hal , and quartzite a real o pres nt 
in th formation. Nodule and thi n laym ~ or seams 
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of black hert a r haracteri ti of th upper 50 fe t 
and particularly the upper 20 f et of the dolomit . 
Wh r out rop are considerably wcath red th nod
ul remain a loo e lump of variou odd hap cov
ering th ledg . om nodules ontain remnan of 
fo il , and om are hollow with their interiors lin ,d 
with quartz and pyrite cry tal and p rhap fi ll d with 
wat r. Wh r herty dolomit ha be n replac d by 
white clay or ta lc alono- on tact with overlyin o- por
phyry, the chert nodule r main inclosed in the clay 
and become a con picuous fcat.ur of th ontact. 

In ev ral plac 100 to 12 feet above the " P ar ting" 
quartzite promin nt bed of dark-blue ch rt.y ili a or 
"flin t ' rangino- in th icknP from 2 to 9 f et are pre
ent. They underlie many of he oxidized ore bodi . 
in the Downtown and Fryer Hill di tri t , but are al o 
found where ore bodi are ab ent. For exampl , 1\ 

" flin t" bed of unu ual p P i t nee ha h e<'n di lo ed 
in workings ben ath P O\Ter ty Flat, ju t north of the 
city limi ts ( fig. 10 ) . orne qu t ion h be n rai rl 
as to whether th e ' flint ' bed are original or were 
formed by replacem nt of ertain b d of dolomite or 
lim tone. No con lusive evidence on th i questio"n 
has been found , but the econd view i favored. 

A.t Iron Hill tbe Leadville li me tone contain thio 
bed of quartzite whi h , whcr unaffected by urfac 
waters, closely resemble th 'P arting" quartzite and 
have frequently been mi taken for it. In th Down
town di trict the equivalent of these bed i leached 
to a loo ely ompact d and. It i po ible that th e 
quartzite b d have been confu ed with the ' P ar tino-" 
quartzite in orne of the workin!!S beneath Fryer Hill, 
where the Lead ill lime tone i unusually thin; but 
the trata are o isolated b tween thick h ets of por
phyry and o few of th workings reach the " White" 
limestone that the iden tity of some of the quartzi te 
must remain in doub t. A.s already tatcd, th e quartz
it b ds are the only li tho logic ugge tion of a boun
dary between the Mi si ippian part of the Lead vill e 
limestone above and the Devonian ( ~) part below. 

Shale is mo tly limited to the low t and highest 
portions of the Leadville limestone. In orne places 
the blue dolomite is in harp contact with the under
lying "Parting" quartzite; in others 10 to 20 feet of 
shale intervenes. The low r third of the limestone, 
more thinly bedded than the average, locally contains 
layers of finely laminated green shale from 6 inches to 
4 feet thick. Bed of this kind were found in the 
Wolftone mine on the third 1evel150 feet outhea t of 
the haft , in the roof of a tope. The transition to 
th e shale bed is commonly marked by lenticular 
banding and a tructure resembling intraformation 
breccia, with len es or fragments of limestone embedded 
in shah~. Greenish hale has also been found along a 
drift connecting the tar and Bon A.i.r shafts in the 
Downtown di trict. Thin alternating beds of shale 
and Jim tone are lo ally present at the top of the Lead
ville lime tone and are apparently transitional into the 

ov d ying " Weber hal , " but in mo t place th 00_ 

tact between blu dolomite and the black " Wober 
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shales" is ab~upt, and the evidence furnished by fo si l 
indicates a stratigraphic break there. 
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REMICAL OMPOSITION 

In chemicn,l composition the Leadville lime tone ha 
been shown by Emmon to be ingularly uniform and 
to approach clo ely the composition of a normal dol
omite. The question of dolomitization was not thor
ouO'h)y con idered durioa th early urv y, and in the 
maller area covered by the econd urvey no evidence 

was found that would add appr ciably to that already 
published on the origin of dolomite. The original 
chief con tituent of the rock was pre umably calcium 
carbonate, which wa replaced by dolomite before the 
rock became consolidated. Th four analy es quoted 
by Emmons are repeated below, together with two 
made in the laboratory of h oited tate Geolog
ical urvey by J. G. Fairchild. 

Analyses of L eadville li mestone 

3 

Ca.O . ____ ------ - ------- - ----------------- _ 30. 79 30. 43 29. 97 27. 26 

We~o ~ ~~~~~~==== ~ =~==================== = == 21: ~! 20: ~~ 21: f~ 20: g~ 
MnO - ------------------ --- --------------- Trace. . 05 . 20 . 06 
C02 __ • _ -------------- ------------- ------. 46. 4 46. 93 4 7. 39 43. 79 
i02--- ------ - -------- -- ---- - --- -- -------- . 21 . 70 . 27 7. 76 

~!~8~ ~ ~ = = = = = = = = = = = = = = = = = = = = = = = = =: = = = = = = = = = : ~r : i r : gi : i 6 
K:O~ = ~ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = : g~2 : g~~ : g i~ : g~~ 
~:8+ ====== === ===== ===================== =} . 22 . 04 . 07 . 05 { 
80

3 
__ _________ ----- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Trace. __ _ . __ ____ .. _____ . _ _ _ Trace. 

/ 

29. 4 
21. 32 

.71 

. 19 
45. 1 

. 34 

. 22 

. 09 

. 59 
Trace. 

. 15 

. 32 

P
2
0

6
_ _______ _______________________________ Trace. . 12 . 03 . 07 Trace. 

CL. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 10 . 143 . 041 . 062 Trace. 

/ 

oluble in 
1: 3 H I 

6 

rnsoluhle 

30. 64 ----------
21.23 --------- -

. 27 -------- --Trace. _______ __ _ 

46. ----------
. 04 0. 19 
. 06 - 15 
. 00 ------ ----

==========} - 11 
. 00 ----- -----
- 1 ----- -----
. 03 ---- - ---- -

Trac~ ------ ----
. 0 -------- --

~!~~~=i~=~~ii~~ ~ ======= ==================== ----~~~~e~ - -. ----~~~~ei -~===== _= 6i~= ----~~~~e~- a :~~ ======= ===, : gg 
;-----1-----1------------

1.00. 142 100. 01 1 99. 925 1 100. 006 99. 47 100. 12 

• A pproximato. 

1. Upper part of Leadvill e ("Blue ") lime tone, ilver Wave mine. Analyst, W. F . Hillebrand. 
2. pper part of Leadvill (" Blue ") lime tone, Dugan quarry. Analyst, Anthony Ouyard. 
3. Partly disintegrated rock from upper part of Leadville (" Blue ") lime tone, Gla s-Pendery mine. Analy t, Anthony Guyard. 
4. ear ba e of Leadville (" Blue ") lime tone llontgomery quarry. Analy t, ntbony Guyard. 
5. Dump of tepheo mine; exact h~on not known. Analy t, J. G. Fairchild. ._ pecific gravity in hand specime n, 2.774; 

f.fCific gravity of powder, 2. 65; calculated poro ity by volume, 0.0319 per cent. 
6. Low r beds in quarry at outh end of Iron Hill. hows no weathering or other alteration. ample collected in 1922. 

Ana.ly t, J. G. Fairchild . 

Calculated mineral composition of Leadville limestone 

2 5 6 

! 
a 0

3 
__________ • ____________________ _ • _. _ 53. 1 52. 00 53. 40 4&, 53 53. 30 52. 2 

Dolomite ~g 3-= ~~===~=~======·= = ================== 44: gg 43: ?o 44: 2~ 42: g~ 4f: r~ 44: !~ 
Ccat1c~te ---~~---a-=======================~=========== 1 Tr~c1eo z: 8o : ~g :86 : gg Tr~oeo 

a crum phosphat ------------------- - --------------- Trace. . 27 . 07 . 15 Trace. Trace. 
Exce lim ------------------------------------ -- ---- ' . 9!) . 00 . 00 . 00 . 00 a. 64 
Gyp urn (or anhydrite) ------------------------------- Trace. ------ - ------------- Trace. ---------- . 07 
~~1a.rtz ____________ --- ---.-.------- ------------------ ---} . 55 { . 23 7. 65 } . 62 . 55 

d par and alummum ilicat ------------------------ . 09 . 24 
Ferric oxid ----------------------------------------- . 21 . 22 . 10 . 09 . 00 
odium chlorid ----------- -------------- --------- ----! . 12 • 05 . 07 Trace. . 00 Pota ium hlorid _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 07 . 02 · . 03 Trace. . 00 

~~~~~~- _ ~~~r~~ -=== = = = ==== === = = = == = === = = = = = = == == = == = = ------ _- 22- ------.-64- ---- --_- 67- -- ---- _- 66 - ~ = = == = = = === : g 
Pyrite ----- - ---------------------------------------- Trac . Trac . ------- - -- Trace. I . 35 ---- ------
Orgaoic matter ----------------- ____ _ ------------------~ . 03 --~---~---~l----·-2_6 

100.20 - -- -==-- ~~- -- - - ==-- =~ - 1 100: 4~ 99.51 Lead carbonate _______ ----- ------- ------------- --- -- -
1
---------- -------- - -

• Aside from ex-perimOJltal error Lbe oxce3S aO may be largely co mbined wltb organic matter . 
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The calculat d min raJ ompo itiou based on thr ' 
h ow that th L nd>ill lim ton i on the 

whole a ypi cnl dol mi t r o k "it.h littl in olubl 
impuri t:v. Wi th ou an oppor tuni ty for mi ro OJ ic 
xaminat i n of th ~ amp! from whi ch anal r 1 to ..J: 

were mad e an xnct corr lation of the hemi 
t,h min ra1 on ti tuen t i impo ibl , bu t th 
ing ta ement i b 1i ved to be a pproximately· orr t . 
Th f rro u~ oxide (F eO) and man o-an ous oxid (MnO) 
arc nearl y if not quite a ll pw r nt a::s carb nat in th r 
orig inal dolomi te g rain ; bu th o m P. ngan in ~ s . 3 
and 5 m ay be 1m-a l)r pre n t ,. an oxirle \.n a ly ·i 
1 h ow a fraetion of 1 p r en t and anal y , i·· - abou t 
2 per ccn t of calcium :1.rb na e in xc of tha t. 
r q nir d o form the original ferruginou 
In an aly i 1 a li ttl more lim ( a0 ) i apparent! · 
pr en t th an i required to co mbin e with tl\e availabl 
carbonat , ilica tc, and chl orid e radi l ; th c1 termi
na tion of carbon lioxide ( Oz) may therefor be a triO 
low. In anal y c 3. 4, and 5 there i · not qui e enoucrh 
lime o make h r a ti o of 1:1 wi th ma.gne ia r quired 
for dol omit , and the deficiency i om what gr at r 
if the f rrous oxic! in dolomite i con ider cl , thu 
sugge ti ng the pre ·ence of a li t tl of th e -c ncl ary 
carbona te mangano iclerit which i o abunclant 
around the ore bodie . The pr enc of a li ttl zm 
which would be calculated a m.agn ia unle ~ det r~ 
min ed cpam tel , may accoun t for th e mall exce of 
magn ia in the analy i . The chl orin e, a hown by 
Cro , Hill ebrand, and Guyard ,' 5 i pre en t a chloricl 
in minute fluid in clu ion within the dolomi e. It i 
sufficient to form .chloricl ' ith all th pota h and 
oda, a ncl Guyard r eported trace of magne ·ium and 1 

calcium chloride a. well. The ex c lime with chlo
ride and ulphate radi cle in the olu ble part of 
Jo. 6 indicate the pr ence of cal ium chlorid and 

Th oncavJt JC h own in ' were 
wi th dol mi t a.nd ' hich 
th orig inal solid appearance 
In D h r ide of the 

am pc imen i · h own , and it i n hat a small 
oa ting of dolomi t . r.. nd i .. t ill clinging th e olid 

A naly e · of dolomite and 

Determinations 

3 

a 3 · - -- -- - ---- ·- --

~I g 0~ - ---- - - --- - - - -
54. 15 53. 9 5~~-5 I. O!l 
H. 19 44. 10 44. 29 43. 79 

·-9-.SJr 0-.00 ·g;_431-9~ 
Rccnlculat ed to I 00 per cent 

I 2 
----1 

a .
1 

_ _ _ _ _ _ _ _ _ _ _ _ 55. 0 
M g Oa ____ .. _ .. _ _ 44. 92 

54. 97 
45. 03 

55. 46 
44. 54 

I 
Pure 

dolo~ 

54. 30 
45. 70 , ______ , __ _ ____ _ 

100. 00 100. 00 1100. 00 100. oo 100. 00 

---------' ---- --. --
of the olid r ock 

mm 
when imm r::sed for everal h o111 in dilute a ti acid. 
Th di olv d mat rial con i ted 
and a Vf'ry li t tle iron. • 

ulphate, wherea the alkali e and alumina in it in ol
ublc part ar pr en L in f Jd · pa r, whi ·lt lttt b n 
de tect :l in the in oluble r idue. Th oda · r C

ord d in o. 5. i una ccountabl. high and i , probably 
ctue to an error in calculation. The pho phoru pentox
ide (P 20 5) i pre umab~ pr ent a tricalcium pho -
phate, but no pho phate minual han been identi:fi d 1 

in the lim tone. The . ili a i pr ent in f ld par and 
Part. of the ample repr ent cl by analy i 6 on 

page 35 wa leach d wi th dilute acetic acid by J . G. 
, Fairchild with the f Bowing re ult : quartz. 

ALTERATI01 

DOLO.lii.ITE SAND 

A characteri tic feature of the L eadville lime ton 
in the vicini ty of oxidized ore bodies i it eli int gra
tion into dolomite and by the leaching action of acid 
water . Thi material retains the appearanc of olid 
rock along the wall of drift~ but fall to a loo e and 
when truck with a pick or hemmer. Thi and ha 
been found as much a 500 or 600 -feet below the urface. 
Plate 32, and D, hows the of alteration 

" U.S. Oeol. 

Material dis olved from " Blue" limestone i n 15 minu tes' treatme11t 
with dilute acetic acid. 

. I trengt b or nO ~1 .: FeO Molecu lnr ru-
cc ld ecid (J:er ( COt ) I (per ~i' o t) (per cent) ti o, aO : Mg 

---
1: 3 2. 23 1. 55 0. 00 1. 03 : 1 
1:6 3. 16 2. 19 . 00 1. 04:1 
1:9 2. 3 1. 7 . 00 1. 09 : 1 

A no calcite wa found in this r.mple, the eli olv d 
material evidently came from dolomite, from which the 
CaCOs wes leached a li ttle more rapidly than the 
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Mg 0 3, especially " ·ith themorcdiluteacid. !though 
1 

Distribution of M i sissippian specie i n the L eadville lim e tone 
no iron was leach ed from thi ample ~n 15 minute _, 1 of the Leadville district 
the re ul ts obtain ed in the longer leachmg of the Mi
kado sampl how that iron carbonate i v ry lo\ ly 
soluble. The pr ence of a littl e alcite would hfl ten 
the disin tegration of dolomit.e r o k , but the experi 
ments ju t ci t d how tha acid waters penetrating 
along th e boundari between grain will attack the 
dolomite it elf sufficient] to reduc the rock to ~nd . 

This tend ency of the L eadville lime tone to alter m to 
dolomite and i of t n th occasion of . eriou difficul ty 
in shaft inkin()' and in mining operation , for the sand 
mingl d with water run into workings like qui_cksand. 
Ind eed , ome drift. driven in to i t hav filled w1th uch 
rapidi ty t-hat miner. have be n barely able t o e cape 
with th ir live . . 

CONTACT METAMORPHISM 

In om places wh re th lim ton ha b en affect.
ed by th h eat of adjacent in ru ive bodie it i · b_leached 
othatitapproache typi al ' Whi te ' lim . tonemcolor· 

id from thi bleachin()' and a light marbl ization ' 
which may nearly ver .. where be a r adily attributed 
to recr taJliza tion during deformation a to the ffe t 
of intru ive rna e th e L adville lime tone ha be n 
iogularly littl e aff cted by the in tru ivc . H r e_ nnd 

there, how ver , notably in th Ib x t\ nd P nn mme , 
i i thor ughlr altered to ilicat of magnesia and 
lime. Later alteration ha, nearly ev rywh ere changed 
th e silicate in to serpentine, but th rock ha been 
o greatly altered in the Ibex and P enn mine ~hat 

much of i t can b e d i tingui h ed from th fine-gram d 
intru iv rock only by th b edding plan e~ . 

- --- ---------
" . , . on!. , urvey Pror. Paper 1 ~ , Pil- 221,222, 1003. 

C el n te rata: 

I 
2372,2373 123H 2375 23i6 237i 237 ~r 

---- - - - --- - -

Zaphrenti? p. b __ ___________ _ --- X - - -- ----- - - -
Brachiopoda: 

Orthothete. inaequali - -- -- - - __ ______ _ ------ () --- (?) 
pirifer p . a ___ ______ ______ ___ ___ --- ~ --- ~--- X --- ~ 
pirifer p. b ____ __________ __ X X 

1 
X --- X X 

3 eminula ubquadrata ____ ____ ___ ______ X -- - X X 
Pe~u~~;~:: woo teri __________ __ _ -- - --- (?), ___ ------ (?) 

i\!y al ina arkan ana? _____ ___ X ___ - - -'- -- - -- X - - - 2 
Ga ~r~~c0aJ~/um P--- -- --- .. ______ 

1 

___ -- - ~ X ___ --- - - - 1 

traparollu f. . spergenensi ~ -- - ~ --- X , --- ~ X 2 

In the opm10n of ir t;-, 17 th fa una of upper 
part of th Lead ille lime ton i of earl Mi i ippian 
age , equivalen t to th Kinderhook and po ibly lower 
Burlington of the Mi i ippi Valley and i moro 
clo cl related to that of the Mill ap lim ~ ton of th 
Front Range than to that of imilar l.ime tone in the 

pen and re ted Butte distric , whi h li to th 
w t of the awatch R ang and UO'O'e t that thi 
ran()'c marks the ite of a mor eff ctiv zoologic barrier 
tha~ any interpolat -d by the h.11own pre- am brian 
rocl- of the Front- Rang . Thi ugge t ion i tr ngth
en d by the w tward thinning of the L eadville lim -
t.one and by he pre enc of quartzi tic b d in it 

\\-e t rn par t (p. 34) . 
Emmon had inferred that the ' Blue' lime too 

and the upper portion of th overlying formations up 
to and including the reta ou~ at one tim arched 
ov r lar()'e pre-Cambrian protax that lie b tween 

b . 
outh Park and the Front Rang , a mountamou ar a 

con i ting of pr - ambrian and volcanic r o 1- , and 
havin()' a width in an east-west dir tion of about; 210 

0 

mil -. L '• h a - sh own tlw.t th r ta ous wn on-
tinuous over hi ar a , but th mann r in whi h th 

retac ou formation lap over the pr -Cambrian at 
Brc keorid()' '9 thro\ orne doubt on a former po ible 
continuity f t.he L eadville Jim ton , in pite of the 
affini i of i t fo il ' ith tho e of the Mill ap lime-
ton . 

Th po ibl 
L adville lime 
al nc wi th lime ton 
fLnd 
22. 

f th 

n rdem, pp. 217, 22 . . . 
'' L e. w. T ., Relation or tbe retace u. rormations to the Rocky Moun tam 10 

oloraJo and ew Mexico: U. . OeoL urvey ProL Paper 95, pp. 27-; , 1916. 
l i Ransome F . 0 .. • .. Oaol. un·ey Pr~'- Paper 75, pp. 66-{)7, 1911. 
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ha D vonian chara teri ti . The following quota
tion from Girty 20 bears upon thi point: 

It eem probable that it [th D evon ian fauna] will al o be 
found , if ought for, in the lower part of th Lead viii lim tone 
at Lead ville and in fact wh rever thi formation i expo ed in 

olorado. 
WEB ER ( ?) FORMATION 

- AME 

bo the " Blue' or L ad vi ii lim tone, in appnr-
nt conformi y, i a rie of trata to which coil tiv ly 

Emmon ha applied the nnmc " W bcr gri ts " and 
"Weber formnti n ' and which h e ubdivid d into a 
lower haly divi·ion alled " W eber hal " and an 
upper quartzitic and andy diYi::;i n call d " W bcr 
oTits pr per. ' Th name W bcr wn, nppar ntl,r d -
rived from theW ber quartzi e of th' Wa atch Moun
tain of tah, ,,·ith which a orrclation ' a mad that 
uow eem to be of doubtful a cura. y. For the con-

en.iencc of the mining public, how<'ver , th nam e i 
retained in this report, the doubt r eO"a rdinO' i appro
priatencs being indica.ted by a. question mark and it 
ubdivi. ion ar de i()'nnt d by the familiar though 

qu tionableterm WeberO"rit ' and ' <'her hal " 

D l TRIB ' TIOX , THICKNE . , AXD , Tl{. - TGRAL 
RELATIOXS 

Th eli tribu ion f the Weber ( ~ ) formation i ho\\'u 
on Plat. 11. Although it do no crop ut Kithin 
the Leadvill eli trict we ·t of Breece Hill , it low r 
haly portion, ran()'ing from 20 to 3. 0 fe tin thickn<' , 

i ingulady p rsis tent in min working~ farther we t. 
Where a lim ton·e rna i in luded b etwe n heet or 
ill of porphyry a few feet or inch of black hal 

overl ing it uffic to pro'e that it repre cot he 
upp rmo t b cl of the L eadYille (' Blue ") lime t n . 
The contact b tween hal and lim ton i u ually 
sharp, hut in . m pla i r pr nt d by & zon ~f 
alternating layers of lime ton end hale. 

The ()'reate t' thickne of the Web r ( . ) formation 
within the L ad,ille eli trict i in the northea t corner. 
Ther it i approximately 1,000 feet a near a it may 
be e timated by continuation of the tructure :from 
known unci rground workings near by. It thickn 
in nei()'hboring r gion , however , a e tima d by 
Emmon , in lu i'e of the 150 to 300 feet of ' Weber 
3hale , '' i from 2,650 to 2 00 feet. 

PETROGRAPHY 

On the fir t mnp of the LeadYille eli trict the two 
clivi ion of the Weber en formation wer mapped 
epanttely. Ext n iYe exploration in later year , 

however, ha hown that the line of epuration between 
"0p. cit., p. 162. 

• 

th m i. u ually d ifficult to 1 
that th two m rnbo r of th 

nt with n, umcy, 0 
formntion can n t be 
th map. Th . have 

olor n P lat 11 , 13 

m t ln rcr , m1 accou 
q uartzi c 111· common. 

The conta t b tween the -hnl nne! th overlying 
coarc andy bed r the " \Veher o-rit · ' is in orne 
pla e harp but m r rnmonly i a tr1111Si tion 
throu()'h an alternatin()' eri of hale and and ~ ton . 

Th upper ftnd major part of the Weber grit.' Oll-

i t mainly f coar . 1\nd ton or O'rit ·" pa in into 
conglomerate. The t. pi a l rock whi h in many places 
form ma iY bel of c n iderabl thi kn and con-
titute~ a prominent f atur in the tion aff rded by 

canyon i coar o grain d nnd white and on i t. of 
w 11-round d grain and p bble , mainly of white and 
in part f pinki .-h quartz. In the eoar er onglomcr
ate feld par can often b eli. lincru:i heel, and thi min
rtll i wid l eli minated in :fine grain throu()'hout 

the and tone ; but frao-m n t of reco()'nizabl pre
am brian chi tare rare] - een. It w uld eem th re

f on•, that the e bed w r deri cl matnly from th~ 
oar er pre- ambrian O"ranite. 

ext lo th p bbly and t ne and con()'lomerate the 
mo tabundant con titu nt f th formation ar quartz
,) e . hal and micaceou and ton , which u O'enerally 
~oar e. grained an l f a O'reeni h hu and r emble 
mica chi t. The lamination of the e b d i very reg
ular, and th y omm n ly weath rout in lab or ftag 
0f con-iderable ize. The mica, which i mo tly whi te 
mica, or mu co itc, i - ()' nerally ry promin nt, 
11lthough it form only a ubord inate part of th ro k. 

. [ t i in larg brilliant flake parall l to the surfa c of 
c,he seclimentary laminae. The and tone contain in 
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·o mc plac · a large quantity of carbonac ou ma terial 
,,·hich i insolubl in ether, alcohol, or bisulphid c of 
carbon and i probably either graphite or anthracite. 

Micro copic examination hows that in the and tone 
fcldspa.r i alwar pre nt with the quartz, anrl. in orne 
thi 11 sections both plagiocla e and microcline can be 
di tingui h d. Although th muscovite may, in par , 
be derived from th e alteration of th feld par in place, 
the prevailing parallelism of th fiakes to the bccldin(Y 
plane indicate a direct derivation from pre- ambrian 
deb ri . 

At irr gular in t rval throughout th forma ion are 
found bed of fin black -hal or carbonaceou argilli te, 
generally very thin and lo ally calca.r ou , pa ing into 
impure lim tone. bout th middl of th formation 
i a tolerably per i t n t dolomitic lim tone of the u ual 
blue-gray olor. It thicknes , how ver var.ie. grea ly 
from one locality to anoth r. I t wa be t ob en ·ecl in 
Big Sacrnmento Gulch a hort, eli tance above th 
London fault , wh r e th r ar two bed of lime t ne 
with a ociated hale, about 50 f e apar t and ach 
about 10 f et in thickn 

AGE AND ORRELATIQ, 

A fairly xten ive fa4n a ha been coll cted from the 
W ber ( ) formati on and hows it to be of P enn :-1-
vanian ag A th m t fo ilifcr u b >cl are the 
hale that occur in th ba al part th ontir formation 

can be definitely a igned to that epo h , and alth ugh 
th earlie t Penns lntnian d po it of the Appalachian 
region may not b repre cnt d h er e, th lower par t of 
the Webm· (~) appear::; to b not only P enn ylvanian 
but earl Penn ylvanian. \. the unci rlying Lead viii 
lime tone is b li ' d to b arly Mi i ippian , th 
interval r pre en ted b twe n the two forma ti n mu 
be con id rabl , compri ing much f Mi i ippian 
and probably par t of Penn ylvanian time. Th irnm -
dial up rj ac n of P nn 'lvani an dim ent on 
carl.Y Mi i · ippian rock. i om mon in tho W e l 
and i probably du to wid pr ad pr -Penn ylvanian 

"U.S. Ocol. urvey Mon. 12, p. 69, I 6. 
" · S. 0 ol. urv y Prof. P op r 16, pp , 242, 213, 2:> et s q., 1903 

Echinocrinu ·evcral p. 
Polypora \l'hitei var. in sc ulpta· 
Li ngula carbonari a . 
Rhipiclomella carbonaria. 
D erbya eras a . 
Choncte geini tz ian u . 
Produciu cora. 
Productu hermo anu . 
Pustu la nebra kensis. 
M a rginifera ing rata . 

pirifer rockymontanu . 
(JUamu laria perplexa. 

Compo ita ubtilita. 
Av i ulipect.en rect il aterariu . 

Myalina wyomingen i . 
Pi nna peracuta. 
P ara llelodon ob oletu . 
P arallclodon tcnui triatu . 
Pleurophorus occidentali ? 
E ucono pira taggarti . 
Ph anerotr rna grayvillen e. 
Bellerophon era · us. 
Pharkidonotu percari natu . 
P atcllostium montfor ianum. 
D omatocera p. 
P hillip ia major. 
~hill ip ia trinucleata. 
0 t ra oda. 

From micflceous ch is in th upper par of th for
mation between Lamb and h cp mountain were 
obtained abundan a t. of Equi etaceae. 

YOUNGER SEDIMENTARY FORMATIONS IN NEIGHBORING 
REGIONS 

The upp r pnr t of the Weber (?) fol'lm.ti on an I all 
th oth r formation. that overlie it in neighboring 
area ha> been erod d \Yi thin the L ead ,-iJl di tri t. 
Higher formation , ho11·e,er, occm in the Tenmile 
eli trict, immediately n rth of the M o quito Ran<Ye, and 
are likewi e found a t of Fairplay in outh P ark and 
in the A p n eli trict. In orcl r tha t the <Yen raJ geo
logic di cu ion tha t follow may be clear and thfl the 
e timate mad a to the pre-umable thi kne of the 
(Yeolo(Yi over that once lay al ove the pre,ent forma
tion in th Lea.dvill district may b more readily 
comprehended , the foll owing partial d cription of 
the e formation · a they ar known in the T nmile 
eli trict are <Yi>en. 

~lAROON FOR ~IATlON 

The nam Maroon ha- been applied to about 1 , ~ 0 
fee of b cis that li e ab ove theW ber (~) format ion in 
th T enmile eli trict, and it i retained in th i report 
for th con ni nee of tho e famibar with the arlier 
r port on thi r <Yion although the b d de ignatecl 
Maroon formation in the T enmil e eli Lrict appar ntly 
corre pond to nly a part of the typi al M aroon con
glom rate I th Anthracite-Cre t d Bu t te ar a . In 
the T nmjle di tri t the- bed on ist predominantly 
of c at - <Yray noel reel f lei pathic and tone , in orne 
plac pa in(Y into on<Ylomerate with man Irregu
lar!_ d vclop db d of hale and lim tone. Th r d 
olor f the an istonc' appear not to b ori(Yinal with 

cl po ition and i ~ more noticeable than hat in he 
w b I' n) formation. th ough le pronounc d than 
that in th bed of t he O\erl 7 in(Y' Wyoming" forma
tion. It r ult fr m oxidation of t he abundant iron 
in the matrix of the ro k. H nee in d pth , a hown 
in und rground working , the r ed color gen rall give 
way to a (Yre ni h gray . 

Many of th hale bed are black and a few contain 
oul They are mu h more abundant than would 
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appear fr m a hast ·i n pecti n of th hill lope , where 
their outcrop ar ob cur d by th debri fr m the 
hard r rock . 

Th lim ton f the Mn,roon; rmn tion on titut 
i mo t hara t ri tic fen.turc and, independently of 
color , em to afford th nJcst m n.n of li. tingu i hing 
it from the' Weber gri , ' a t.hey ha,-e n on hoidn.l 
fra~ Lure and ar low in magne ia and in lubl ma tor , 
wh r tho e in he Web r 0) formation ha - a rough 
granular fractur and ar high in mrtgno ia and in olu
ble matt r. In the ab nc of d finite ftwnal di tinc
tion th lim tone bed. have been u ed to define the 
limit of the formation in the T emnile distri , tho 
ba e b ing tak n at the bas of lime t n 1 cal ly 
kn wn the R bin on lim ton and the top a.t the 
top of th Jim tone locall · known as t.he J acqu 
M oun tain lim tone. According to Emmon th o 
lim ton ~contain an invertebrate fauna ypical of the 
" 'pp r oal M a ure-'3 . Th :~ormation i therefo r 

I to th Penn ylva.nin.n eri of he arbonif-

' WYO)fiNG " FORM .\ TIOX 

To the 1, -o f t of bed that li e abo• tho Maroon 
formation in the T nmil district the nam 'Wyoming 
formation ' wa given in former report on that r egion 
be P.u e b;- their position and lithologic haract r the r 

eemed mo t nearly to otT pond to bed en. t of th 
F ront Range that in an ear li er report had b en d ig
nated " Wyoming group . 23 Later work, however, ha 
led to the opinion by Ransome that the " Wyoming' 
formation of th neighborinO' Breckenridge di trict 
(w ith which the e depo it in the Tenmil eli tri tare 
doubtles to be correlated) i probably equ ivalent to 
only the upper par t of th " WyominO' group," or the 
Lykins formation. The nam e " Wyoming group" ha 
long inee been abandoned by the ni ted ta to Geolog
ical urv y, a not only inappropri& ~ but Ul1lPCC · ar ', 
th depo it havino- be n ubdivided and he ubdivi-
ion named . I n view howev r , of the fa t that the 

name " Wyomino- format ion" i the on by which the e 
dep it in the T nmil di trict ha\e long been known , 
th name i. , for conven ience, her retained in a quo
tational n fr m the e&rlier report . The " Wyo
m ing" formation of the T enmile di trict con i ts 
prin ipally of and tone of in ten ely brick-r d color 
where n t metamorphosed, with a moderate quantity 
of thin-b dded hale between the more ma sive bed . 
Lim ton is practically ab ent, being found only at 
a few i olated point , generally at about the arne 
horizon . The sand tone i commonly coa1 e grained, 
orne of it conglomeratic, and i compo d mainly of 

eli t in tly r cognizable pr -Cambrian debri . F eld
spar and mica ar the mo t abundant con tituents 
next to qua.rtz. Wher e m e amorphic action ha b een 

"Emmons, . F., Cro , "Vhitman, and Eldridge, 0. U., Geology or the Denver 
Basin in Colorado: U.S. Geol. urvey Mon. 27, pp. 51-60, L 96. 

Tria ' ic. 

:li E ' OZ I F R~L\TION 

No M e"ozoic trt>ta have b en f und wi hin the 
Leadvill e di Lri t , and none of proved Tria i age in 
the. urrounding r gion . In uth P ark rota eous 
' trata lie upon th Permian \Yithout ano-ular uncon
f rmi ty, and Rmmon. on luded hat h yon ar· hed 
w r the r t of th rang and w re f lded and faul ted 
wi th the Paleozoic formation . Thi onclu ion h& 
been confirmed by Le ,u who ha hown that trah 
of pper r taceou ag once xt nd d on inuou ly 
ov r th R cky M untain of ol rado 
and Wyoming and wer clep .ited on a nearl 
leveled urfac . Their thickn , a hown on page 
42, range from 5,500 to ,600 f et. 

TERTIARY FORMA TrO ' 

During Tertiary .time the L eadvi ll e di t ri t wns 
undoubtedly a land urfac , and with the po ible 
excep tion of the " lake beds" (p . 17), which are of ithcr 
late Plioc ne or early Plei toe ne ag , th rc aro no 
Ter t ia ry clepo its in th di trict. The Pl i toccne 
d po ·it formed during the glacial epoch are d cribed 
in chap ter 2 ( pp. 9- 21). 

"Lee, W. T., Relation of the Cretaceou formations to the Rocky Mountninl 
in Colorado and ew Mexico: U. . Oeol. urvey Prof. Paper 95, pp. 27- 5 , t016. 
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Dark-blue lim tone weathuing 
bJ~k,with blade chert. 

From top of Sheep 
Mountain downward 

BJue limtttone, brect:la.ted at 
top. wit.h abundant ooncr~dons 
of blaek chert. 

White limtl\tone1 silieeou• at 
base. with wh1t.e e~n. 
eonuetiona. 

l:tl:::r::rMI .. •• _. -•••• bedll. " 
Shale interbedded with ". ndy 

limestone." 
Reddiah f1ne--~ned Mndatone 

with Indistinct impressions. 
Cap. 
QUAruite. 
White porphyry, 
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REGIONAL RELATIONS OF THE SEDIMENT ARY 
FORMATIONS 

A full under~ tandinO' of the problems b aring on the 
aae and origin of the tructuralfeatures and ore depo. it 

0
{ the LeadviiJe di trict can not be gain d without an 

appreciation of the dominant featur of the geologic 
hi tory of the region. ince the first monograph wa 
written everal contribution to our knowledge of the 
Rocky Mountain r gion in central Colorado have been 
made. The subje t in o far a it i related to the 
pr ent problem , i summarized in the following pMa
uraph . 
b The eli tribution of pre- ambrian and Pal eozoic 
and later ro l in c ntral Colorado is hown on Plate 
33. Th pre- ambrian ro k on titut e mo t of the 
Rocky Mount.ain 111 olorado. In and around the 
Leadville di trict they urr und an area of lat r edi
mentaP rocks about 30 mil wid e, extcndiner from 
Arkan a River on the we t to t,he a tern bord er of 
outh Pnrk on th ea t , and 50 mile loner, extencl iner 

from the Gore Mountain on the north to the any on 
of the Arkan a . 'I he e Pal ozoic and lnt r trata 
once probably xtend d a ro and b yond the nr a 
now occupi d by t:k urrounding pr -Cambrian rock . 
'fhc Leadvill e di trict i ituat d n ar the ". tern 
border of t.his ar a of edim ntary rocks, who e con
tactwith the pr - ambrian ro ks of t.he awatchRaner 
on the we t i con aled by th thi k co riner of gla
cial debri . 

ince the L eadvill monoerraph wa publi h d a 
numberofd tailedrepor andmap ha>e b ni ued 
and from them th comparative tratigraphi tabl 
:opp. p. 22) and columnar tion (pl. 34) have b n 
lOmpiled. With the for ref renee the relatiou of 
<, ratigraphy to geologic tru ture and or d po ition 
n·ay bo discus ed. 

THICKNE S OF COVER ABOVE ORE DEP O ITS 

11 
Srhut h,. Chari s, Paleogeography of N orth America : 0 ol. or. America 

Dull., vol. " PP. 427 00, pi . 46-101, 1910. 

to ero ion in no le~ than nine periods of gr ater or 
le . duration before the uplift in T ertiary time which 
took place ubsequent to or depo ition and gave ri e 
to the pre ent topography. 

The strata that remain unerocled at Leadville, in lud
ing the Leadville lime tone and older formation aererre-

' gate about 560 feet, and ore ha b en mined at several 
horizon from their top down . Abov the e trata the 
Weber 0) formation , though eroded to a thicknes of 
1,000 feet or les within th eli trict, ha a maximum 
thickn s of 2, 00 feet in the T enmile di tric , to the 
north . From a study of the available maps and from 
the apparent conformable conta t at the top of the 
Leadville lim tone, it eem probable that the full 
thickne s of the W eber ( ~) formation on e extended 
over Lead ille, but the hiatu in depo ition , a hown 
on page 39, leave the matter to orne ext nt in 
douht. 

IIL the Tenmile di tri t the Maroon and " Wyoming " 
formation , each 1 500 feet thick, overlie the Weber 
( ~ ) formation , hu t in the Br ckenridere distri t, 25 mile 
northea t of Leadville the ' Wyominer " formation 
r t un onform ably upon pre-Cambrian rock and 
ha a total thickne of 1,000 fee . The ab en e of 
the M eroon formr.tion there may b due to overlap or 
to a n unconformity which is known to exi t elsewhere 
in the upper part of the Carboniferou . trata on 
Fommile Creek called Permien by Peale, are b liev d 
by Girty to orre pond to the Maroon formation. 
They ar from 2 OCO to 2,- 0 feet thi k. In the Mon
arch eli trict to the outh. rawford 26 identified above 
the Ouray lim tone two formation whi h he named 
the Garfield form~1.tion, 2,500 feet thick end th Kan
garoo formation , 3 000 fe t thi .k . P P.rt at 1 a t of 
the e formations are to be correlated with the Maro"on 
formation which may there ha>e a otal thickne of 
2, 00 fe t. 

Th Mo quito RanO'e reerion i rouerhly borcl r d 
t.her for', on th north a t , and outh by di tric in 
'bich th Mar on and Wy miner " format ion each 
attain a thi ku of :.. ,500 f c or more, and it i rea

nA.ble to inf r that b th formation n e o>erlay the 
Weber (?) formati on in th Lead>ill di trict, and 
that their aererr O'ate thi ·kne may hav been a mu h 
a 3 000 fe t , a it i in th neighboring T nmil di -
tri t. The wid pr ad unconformity b we n tho 
Palcoz ic and unque tioned M e ozoic rock , ho' ver 
repre enti ng a tim inter>al when the region wa re
du eel pra tical!~- to ba e lo,·el,.r nders i · eq ually 
probable tha both the Maroon and the " Wyoming" 
formati n wer compl tely rcmov d befor the depo-
ition of th Dakota and one and ]at, r rock of re

tn e u ageY 

•• rawford, R. D., , ology nod ore deposi ts or the J\Ionarch and Tomichi dis· 
triets, olo.: olorado Oeol. urvey Bull. 4. pp. 6&-72, 1913. 

"Lee, W. T., op. cit., pp. 32-34. 
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A ording to Lee 2 th Dakota and ·ton and lat r 
retae ou ro kl in all probability nee extended over 

the ntire Rocky Mountain region in olomdo, and 
no large i land p r -i. ted throucrhout the r taceou 
period, wa form rly maintttined by Emmon and 
oth 1 . The rocks ar 6,750 fe t thick at Can n 

ity, ,500 fe t at ' Bould r, 9,600 fe t at al Ba in 
( outh of Glenwood prin ) , 5 500 fc t nt Brecken
ridg 29 5, 50 feet at outh Pnrk (30 mile north of 

omo) and :- 565 f tat orth Park. They are p
aratcd from he overlyincr Tertiary rocks b au un
conformity. Their thickne prior to upheaval wa 
ther fore omewhat greater than i indic11.ted by th 
foregoing figure and an e timate of a thickno ' of 
5,500 feet at L eadville is de idedly moderate. or 
depo ition took place prior to upheaval thi - t.hickne 
mu be con idered in estimating the amount of cov t' 

above the horizon of ore depo itiou. 
Th timated aggrecrate original thickne of 
ummarized a follow : 

Feet 
Cretaceous ro cks ______________ ____ __ __ 5, 500 

i aroon and " Wyoming " formation ___ _ 3, 000 
Weber (?) formation ____ --------------- 2, 00 
Lendville lime tone and lower formation _ 560 

11, 60 

If all the Maroon and " Wyoming ' formation and 
perhap part of the Web r ( ~) formation had b en 
eroded before the deposition of th retaceou rocks 

" Idem, pp. ~4-55. 
" Unnsome, F . L ., U.S. G~ol. Su:vey Pror. Paper 75, pp , 26 and 39, 1911. 

• 

the thickn of th . 
be n rcdu d to about 

dim en tary ro ks 
000 feet. maJ have 

Thi thickne s was in rea d by th . h t of 
phyry intrud ' d at many h orizon in the edim tpor: 
f 

. 'l'h . . n nt1 
ormatiOn . mer a var1 d lo ally, bu t th · 

oral conf rmi y of th porphyry h t. with the tgen. 
d 1 

. . . ff d rata 
an t 1eu· ontmUJ ty a or a r n. onable ba i for t' 
mate. In th L advi ll e eli Lri t a. hown b ·the e~: 
tion. on Plate 14- 17 th ucrgrC'ga~ th i kne of 
porphyry below theW b r (~) formatton rang fro 
600 to more than 1,200 fe t. Within th Weber (~ 
formation the ill ' her pr ent r a h 500 feet or mo 
· h. k d re m aggregat t 1 · no au a vera ere a bou L 250 feet. I 
th T nmil li trict, ho' v r , ill in the W b r (ln 
M d " w . " f . }, aroon, an ommg ormatwn aggregate about 
1, 900 f t in thickn . 'I he minimum tota l in ere 
in thickn due to th ill i th r for placed at 2,500 
fe t and tho total thi kn of rocks above th pre. 

ambrian contact at n,bout 14,300 f if the Mat·oon 
and Wyoming ' formation ar included , or at 10 500 
feet otherwise. ' 

As reveal d by mmmo or Wt'l. d po itcd in the 
Leadville district in fis ~ ur at horiz n from th pre

ambrian crranite up' ard to the 1 W b r gri "a •er
ticalrange of at lea t 900 feet; but th horizon of most 
xten iv d po ition wa at th t p of the Leadville 

lime tone. D duction of th thi kne of thi and 
older formation , 560 feet, and of the porphyry ills in 
th m, about 0 feet, l a e 9 00 to 12 700 f eL of rock 
above the horizon of maximum or dcpo ition, a r ult 
' hich agre clo ely with Emmon e imatc . 



CHAPTER 4. PO T-CAMBRI N IG EO 

SUMMARY 

RuCK 

PORPHYRIES 

WHITE PORPHYRY The po t- ambrian igneou rocks of the Leadville 
di trict and the n ighboring reo-ion include a wide
pread group of porphyrie of varying texture and ap

pearance, pre. umably ?f la.te r taceou or early Ter
tiary age, and a f w cylmdn al or funnel- haped rna e: 
of volcanic agglomerate, occupying pipelike conduits 
and probably of late Tertiary or early Quaternary ag . 
Other than the agglomerate no vol anic ro".ks occur 
within th Leadville di tri t , although the are promi
nent in plac to the north and outh. 1 

1he iotrusiv porphyri occur mainly as ill , which 
in the Leadville di trict ar a ociated with tocklike 
ma es beneath Breece and Printer Boy hill and Ade
laide Park. They al o form dik , ' hich are mo t 
con picuou in ar as of pre- ambriao rocks. The 
il ls attained a minimum aggregate thickn of 2,500 

feet (p. 42) and in orne parts of the region wer much 
thicker. Irving, afte r a study of available data, ha 
roughly timated that tho total volume of the e in
tru ive rocks prior to ro ion amounted to 45 cubic 
mil or more in an area of 20 by 30 mile about 
Lead>ille. T" o prin ipal kind of porphyry, knovm as 
the "White" porphyry and 'Gray" porphyry, hav 
been recognized since the earlie t days of he district, 
and for the conveni nee of the mining public tho e 
designation ar fre ly u d in thi report in a titular 
en e. The White porphyry i the older and orre
ponds to a mu ovite granite or alir. granodiorit 

and tho younger rayporphyrl"includ vari tie rano--
ina from granodiorite t quartz monzonite· but both 
rocks ar in g n ral o much alt r d tha an xa t 
cl ification i n t pra i able. 

These two prin ipal >ari ti ar r adily i 1 ntifi din 
the w t rn part of the distri ·t hut in h Bre c 
Rill area their di tin ti n from a h oth r i diffi. ul t 
ns somo va.rieti of alt r d ray porph -ry lo ly 
resemble the Whit p rphyry and th d limitation of 
area occupi d by ea h ro k i ob cur d on th 
face by th cov rino- of debri and 
~he carcit.y of min workings. Th porphyry 
1 much the more abundant in thi ur a how v r 

d ' ' n~ except wh r the Whit porphyry an be identifi d 
With certainty all th p rphJT. ha b en mapped a 
Gray porphyry on Plate 13 and 27. 

DI TRJ:B TIO ' AND STRUCT RE 

The White porphyry, a orio-inally hown by Em
moo / form a o-roup of areas extendino- outhea tward 
from Carbonate and Iron hills to Empire Gul h , and 
another area including the ummits of Mount herman 
Mount heridan , and Peerle Mountain and the ad
jacent ea tern lope of the Mo quito Rang . arrow 
band ( heet ) extend outhward from the e ar a 

' and a fe"· mall area ar found to the oa t. In all 
thes place th Whit porphyry occur mainly a a 
great intru ive h eet directly overlying the Blu lime
tone but i also found at lower horizon . The max

imum thickne of the main h et, 1 500 f t i found 
at White Ridge, outh a t of Mount h erman, wher 
the principal v nt through which th White porphyry 
wa intruded wa uppo ed by Emmons to be locat d. 
Irving however , uo-ge t that this rock wa intruded 
from the arne principal vent a the Gray porphyry, 
at Br ce Hill. In both pla e the eviden e is ob cure. 
Infact, dikelik rna e oftheWhiteporphyryarecom
pa.ratively few. The only prominent one i expo ed 
neaT the head of Iowa Gulch, b twe n Iowa and Dv er 
amphitheaters and i bounded on the south\ve t -by 
the outh Dyer fault. veral mall dike and a few 
mallshe aTefoundonthe lop ofMountLincoln 

Mo quito Peak, and London Mountain on the ea t 
slope of the Mo quito Range and on Little Zion, north 

f L advill . 
Within th L advilJ di trict (pl. 13 ) th Whi e 

porphyry i mo t on picuou on arbona.te, Iron, and 
Print r Boy hi1l , where i forms nearly th ntire 
urfac . I i al o prominent on Yankee Hill, and 

forms the bedrock urface benea h glacial depo it in 
the Downtown, Fryer Hill, and Ro k Rill area . 

orth of Fryer and Yanke hills it i overlain by an 
h t of the Gray porphyry. 

o currence ar puts of what wa ongt
ne large heet, which branched into two or 

more members north of arbonate and Iron · hill . 

•u. s. Oool. 

exact tructural r lation are 
faultino-, i pre ent in the ea t
t in a narrow ar a extending 
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fr m the onth a t lope of Ball Mountain to the bot
tom of E an Gulch. The largest of the e ills occur 
at th lower horizon of th sedim ntar rock , wherea 
the gr at ill li mo tly at the t~p of the Blu 
lim ton . 

Tho White porphJ1') is cut by man clo ely spac d 
join ts which a u e i o weather into mall nngular 
and flat fragments that cover the ground where h e 
ro k ha been expo d. Outcrop are few and incon-
picuous. Thi jointing ha. loo ened the rock to con
iderable depth and ha · fr equ ntly au ed difficulty 

in upporting mine exc~wation . Many drift driven 
through apparently olid White porph, r y have ha.d to 
be heavily timbered, as the rock rapidly break along 
joint plane in to mall fragments. Ricketts 3 t.ate 
thnt workings run throuo-h ground of thi chantcter 
need to be much more heavi ly timbered than tho e 
which hn.ve been run through oft, laylike rna e . 
This characteri tic join tina often extend ' to depth 
of 400 or 500 feet from th urface. I t may be duo 
in part at least, to wi thcl.rawal of up port due to hrink
a.go of the underlying lim tone during replacement 
by ore, or to hrinhge of the ore bodi e during oxi
clation ; but neither Emmon nor Irving correlftted 
the el i tribution of shatter ed zon ~ in th porphyry 
with that of the . rc bocli . 

PETROGRAPHY 

The White porphyry i of creamy white t-o n'ry light 
grn.y color, except when~ tain cl along joint plane by 
brown oxide of iron or by dendritic films of black 
mangane e ox:de. Th~e dendritic films (pl. 35, ) 
are o common that in ha.ft r ecord the Whit por
phyry ha u ually been de ignated '' fore~ t rock. " 
Dark mineral crystallized from the magma are almo t 
completely ab ent, and there i" littl e contra t in color 
between the phenocry t and the fine-grained ground
rna s. Rock practically free frorn nltcration i rarel y 
een but has b "n r ported from the Diamond haft 

at ad pth of 0 feet and from a dike in Empir . Gulch. 
pecimen of thi suppo edl) una ltere l White por

phyry, howcv r, arc o similar to the late T er tia ry 
rh olitc in the agglomerate ma e that their correla
tion i qu t.ionable. Thi unalter d rock consi of 
a gray groundma with thinl • catter ed colorles · 
phenocrrt of feld ·par and quartz and very few small 
black cal of biot . .ite; but in the typical altered rock 
both phenocr_v and groundmass have been bl ached 
and the porphyritic t xture i d tectecl only on clo e 
insp ction. 

Tho phenocry. ~ of the typical altered rock are 
mo tly 1 to 2 millimeter in diameter, though a few 
f lcl par::; are omewhat larger. ome of the feld paro 
how the multi.pl e twinnina of plag iocla e, but mo t 

' Ri r ketts, L. D., op . cit., p. 22. 

of them ar too much altered to be iclC' ntifi ed . ome 
of the quartz ph nocry, t are loull pyr amid. . The 
groundmass i mo t l · v r fin grain d, but in omc 
place , particularly near onta t and in maH dike 
it i d n e n.nd r nd r th phenocry ts more con · pi~ 
uou . Alteration ha.s int n ifi cl th gunular appear
ance of the aroundma , which appear ::> to con ·i t of 
rounded grain cern nt d tog ther; but no . u h tex
ture app ars under the micr cop . A bn.ndina or 
flow truct.ur ha been noted along the edge of mnll 
dike but i un ommon. 

In orne plac ix- ided crystnl of clark mu oritc 
are present, and on Printer Boy Hill an l in ar a to 
th ea t there are mall clu ters of th arne min '.lrnl. 
Th ix- iclecl cry tal w ·r r gardccl by Emmons 4 n" 
original con tituen of th ro k but Oro 6 r gardcd 
th mas probably conclary, in vi w of the abuod11nce 
of undoubtedly e onclary mu co ite. A imilnr rock 
at pen ha bPen de ribod by Knopf.O Minute 
grain of muscovite or ~ cri cite ( pl. 35, B ) are u Ull!ly 

ab unclan t an l gi v to the r ck a faint ilk lu tor. · 
ncler the micr ope the fold par pheno ry ·t· 

prove to be pl agio la e (and inc, Ab6An4 ). ome of 
them form clust r , but roo t of th m fH' ingle hort, 
stout prism . Mo~ t of them ar - thoroughly impreg
nated with minute ericite r.ry al . The f w quMlz 
phenocry form typicnl lear o-rain. , orne of whi~h 
approach the ou line of doubl p ramid and how 
ome cl gre of re orption. The quartz, and to a I , 

extent the feld. par contain minute inclu ions in ro\1'> 
or irregularly eli tributed. me of tbes inclu ion 
ar fluid and oth r, ind t rminate. Th biotite · 
found unalt red in only one thin s ction, but in the 
common altered variety f th rock p eudom orphi m 
of mu covite and iron oxide after biotite can o ca ion
ally be found. 

The groundma. of th common Yariety c n i t of 
irrco-ular grain 0.1 millim Lc1· or 1 s in eli m L r of 
plaaiocla e or hocla e, and quartz. The plaaioclase 
(oligocla e) ha a roughly re tano-ular outline and , like 
the pheno ry t , i·· tho:·ouo-hly ericitiz d. The ortho· 
cia e, which approximately equal the plagiocla e in 
q ue. ntity , h ow n tenden - to crrtal outline but 
partly surround the plao-iocla e grain . It also i 
con iclerably r icitized. The quP.rtz i abundant, 
and it irreo-ular grnin ar commonly inter titinl 
among the re id pal . Magnetite and apatite are very 
ca·ce, but minute a ,·ain ' of z!r n and rutil e nre 

rather abundant. The al'ounclma .; the cleo e rn· 
1iety is o fin a-rained thn.t the co mpon ent mineral 
can not he identified. The c0mm n and den e ...-ari
eti . are illu tratecl in Plate 32, A and B. 

• D. S. Oeol. urvey M ( n. n. p. ii, 1 6. 
' U.S . O ~ol. urvcy M on. 27. p. 324. I C6. 
•Knop~. Adclph, Recent de,·elopment in the A J)('n di~ tr ! tt ('n! J. ' . S Oeol. 
urvey Bull. i 5, pp. - 10, 1926. 
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one of the eli tinct ix- id d mu covite crys tal 
·e seen in thin ection b,- the p· e1en t wri tor' . The wei " . _ _ 

muscovite eon oc urred partly as dts tmct flake 
tared through the rock_ ~r in cl ~ tors , and ~artly as ag
gregates of minute enc1te g~·aws. The smgle. flake 
reach 1 millimeter or more m cltameter and :-orm a 
network with quartz grain . Only rarely do they ap-
ear to replace fold par. orne of them appear to 

~ave crystaUiz d a little la ter than the quartz and 
others earli r, and the two minerals on the whole ap
pear cont~mporanoo~ . The_ only cl_u ~e r oi mu ~o
vite seen tn thm ectwn wa tn a.n elhpt1qal geodehke 
body about 3 millimeter' in diameter. It wa in par
allel intergrowth with quartz, tho two mineral for~u
inO'a hell which wa, fill d with alcite. The mu covtte 
an°d quartz are imilar in appearance to the grain dis
aminated in the groundma . The evidence as a 

whole implie that the mmcovite grew under pneu
matolytic condit ion , which marked the la t s tage of 
the White porphyry intru ion. Biotite phenocr:5 t 
may have been repla ed by mu~covite at that time. 
In orne place , pr wnably where pneumatolyti a -
tivity was vigorou , the rock con i t e entiall y o·i 
quartz and muscovite with only a few remnant of 
altered feld par. 

Thes ricite that impregnates the fold par and forms 
fringes around orne of the larger muscovite crystal is 
di tinctly later than the mica already de cribed, and 
may be correlated with the period of ore depo i ion. 
A little epidote and calci to, di ti.octly later than the 
quartz an l earlier muscovite, are catterod through 
the groundma and may be contemporaneous with 
the ericite. mall cry tals of pyrite are pre ent in 
the vicini y of ore bo lie . Its prominence in orne 
plac led to the designation of a pecial type of ' pyri
tiferou porphyry" in the L eadvill moo graph, but 
later tudies have shown that the rock o named con-
i in part of pyri ized White porphyry but mo tly 

of pyritiz d ra porph rr . Kaolin and imilar clay
like mat rial ar produc f \ eatherina and. ar prom
inent alon()' the onta. t of the White porph t:y and 
the Blue Jim t n in the vicini ty of oxidized ore 
bodie . 

HEM! L OMP ITIO. A ' 0 LA IFI ATIO-' 

The chemical compo iti n of th White porphyry 
i hown below in ·olumn 1, q uot d fr m the Lead
ville monoaraph, and column 2, qu ted from Rickett .7 

A ample int nded o illu trate th p ritized rock but 
exceptiona lly hiah in orthoclas i r pr ented in 
analysi 3, and musco vite ph n cryst in analy i 4. 

7 Op. ci t., p. 21. 

Analyses of White 7Jorphyry and its mnscovite 
.g\ 

---------+'--1~_· __ 3 \- - -

iO, ___ ___ _ . ____ _____ 70. 74

1 

74.9 G6. 37 45.03 
Al20 3 ___ __ __ _ _ _ • _ _ _ _ _ 14. 6 15. 27 11. 15 } 3 _ 

1 
I 

Fe10 3 - - ------- - - - · --· . 69 } l. 27 { one. 
FeO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 5 I . 32 --------
iV!gQ ____________ ____ _ . 2 Trace . Trace. A .ittle. 
CaO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4. 12 L 03 . 1 Trace. 
• r a20 _ . __ . _ _ _ __ _ _ _ _ _ _ _ 2. 29 

1 

1. 9 . 56 . 71 
I\:20 - - --- - --.--- --- -- - 2. 59 2. 10 9. ~¥ } !J. 4-l 
H. ~o + ---------------- } 2. o9 2. oo { · 4. o • H oO - . ____ . _ _ _ _ _ _ _ _ _ . H 
Ct)~----- - ----------- - 2. 14 1-------- None. --------
Ti 0 ., _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ -·- _ . 23 ------ __ 
Zro; _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 02 __ - ____ _ 
P.,()5 - · --------- --- - - ______ _ _ Trace. Non. _______ _ 
iVinQ __ ___ ___ ___ _____ _ . OB L 07 -- - -------------
BaQ _ ---- - ------- ·--- . 03 --- - ---- . 10 ---- -- - -

c?~ -~-~-~-~-~ ~ ~ ~ ~ ~ = = =~~= == I. ~~:~:~ - ~ ~~~~ ~e~ ~ ~ ~ ~ ~ -~ ~~ ~ ~ = = = = = = = 
10. 75 ------------,----

'pecific grav ity --- - -- --
10

g: ~90 1-- ==-- ~~ - -- ==-- ~~ - --- ~~-- ~ -
1. ";Vhite porphyry from quarry in California Gulch at the 

ou hwest ba e of I ron Hill. p cimen somewha a ltered. 
Analysis made by W. F. Hillebrand for Leadville monograph 
(Mon. 12, p . 326) . 

2. W hi te porphyry presumabl y from Evening tar or Morn
ing 'tar c a im on Carbonate Hill . Analy i quoted from " The 
ores of Leadville," p. 21 , published at Prin ~eton in 1 3 as 
t hesL for the degree of Ph. D . by L. D. Rickett .. 

3. P y ritiferous White po rph y ry (?) from Ya k t unneL ThA 
spec imen wa on of the lea t d compos d fragments o f s up
po edly White porphyry obtainable, but it chemical co mpos i
tion i o different from that of the White porphyry as a who~e 

t hat it exact relation hip to typical White porphyry i open 
to que tion. The only ev idence of alteration was the pre ence 
of minute cry tals of pyrit . • Analy i made by R. C . Wells. 

pecific g rad ty of -pecimen , 2.652; of powder, 2.736. a lcu -
lated poro ity 3.07 per cent. 

4. Mu cov i e from "bite porphyry, south slope of Little 
Zion. Mon. 12, p. 5 9, 1 6. Not compl te; made to prove 
identity of mineral. 

os. 1 and 2 both repr ent rock that was om 'what 
altered bu t a fre h a could b obtained. The excess 
of ilica in No. 2 i balanced by th exce ~ of lime and 
ca.rb n di oxide in No. 1, which appears to be the m or e 
al er d r k. Iron oxid in bo h rocks and magnesia 
in o. 1 ar urpri ingly high, iu view of the scarcity 
of mafic mineral and m agnetite. The magnesia and 
f rrous oxide may be pr ent in pr.rt a carbonat . 
Th alkali in both r ocks are lower than in typical 
unalter -ct rocks of imilar compo i tion, and their rafo 
to alumina r efl ect the abundance of mica a ~oes the 
rath r high content of water .' 

The norm<; of rocks o greatly altered a No . 1 and 2 
would be of li ttle ignifi ance. The mode or mineral 
compo ition ha been approximately calculated below, 

\ . 
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how ver, on th a umption that tb analy i of mus
covit in olumn 4 (equivalent to 2H~O. (K,Na)20. 
3 1:,0 3 .6 i02) is fairly repre ntati,e. 

M ineTal compo ition of White porphyry 

( orrespondiog to analysi. J , p . 4 ~] 

I'er ccut 
Qua rt z ( i02l-- -- - - ---- - ------------ -- 43. 
Orthoclase (K20.AI~03.G ' i02)___ _ _ _ _____ 1. 4 

Mu ··co vi tc (2H20.K2 .3Al20 3.6 i02l----- 20.3 
Kaolin (2H20.AI20 3.2 i01) -- - - ------- - - - • 0 
Excess water ( H 20 ) ______ ---------- - -- - 1. 0 
Albi te ( N~O.A\203 .6 i 1)- -- -- - -------- 19. 4 
Anorthite ( aO .. t\.1 20 3.2 i02) __ __ _ _ ------ i . 0 

hlorite (pcn nine) (4H 20.5 (Mg,F )O. AhOa. 
3 i 0 2) - - - - - - - - - - - - -- - - - - - - - - - - -- - - - 1. 9 

:M agnetite (l•e30 4) - -- -- - --- - -- - - - - - ---- • 9 
Calcite (Ca 0 3) -- ---- - - --- -- ---- - --- -- 4. 9 
Baryta (BaO) and manganous ox ide ( i\InO) . 1 

100. 7 

If all the ah1mina is pre ent in feldspar , mu co ,"i t 
and chlorite there i 1 per cent of exce water. If 
thi apparent exce water represent kaolin that min
eral amounts to nearly 7 p r cent, muscovite drop to 
11 per cent, and orthocla e ri e to per cent. The 
true per centage of the e minerals are doubtle s some
where between the limi t tated above. According to 
the ratio of the feldspar the Whi te p01phyry i a 
granodiorite porphyry but i t i unu ually low in ma£c 
minerals or their alteration products. The abun
dan e of muscovite and its clo e a ociation with 
quartz would favor it designation a a odic mu covite 
granite porphyry. 

The pyritic porphyt;y represented by analy i 3 
v. a not found among the pecimens left by Irving 
and no petrographic de cription of it is available. It 
evidently contain very littl e mu covite and much 
more orthocla e than the rock repre entecl by analy-

1 ancl 2. Jf th lime and da ar alcnlatecl fi R 

plagi.o las the ratio of the r cniaining alumina to pot
a hallow for only 0. per cent of mu covite and 52. 
per cent of orthocla e. E en ii. all the alumina were 
available, mu covite would amoun t to only 5.6 per 
cent and ortbocla e to 49.5 per cent. Quartz al o is 
lower than in the other ample , amounting to 2 p r 
cen t. The e data, even with allowance for the pyritic 
replacement, ugge t an alkali granite, which i an 
unu ual variation from the typical White porph ry, 
if indeed it i not a different rock who c, r elation 
have b n obs urecl by alteration . 

GRAY PORPHYRY GRO UP 

As originally used in the Leadville monograph the 
term " Gray porphyry " wa applied only to a variety 
of porphyry repre en t d by a type pecimen from John
son Gulch. It has ince become customary, however, 
to u e the term to eli tinguish all varieties of porphyry 
that ar e markedly porphyritic from the White por-

phyry ju<·t d crib cL Th . ray porphyr y group 
therefore in lud · e\"eru l var1 t1 s, orne of them 
granodiori t porphyria ome quartz monzoni te 
porphyrie nnd perhap om fJ uar tz cliori t - porphyrie, 
although no m mb r of th la t-nam d group ar r p
r e entecl b chemi al nnaly c , and n n' have b eu 
defLnit ly r ecogniz ed even by a car ful r . t ucly of the 
01·iainal thin t ion u eel by ro . 

Qufll·tz-fr c vari ti aT hown by the m icro cope 
to be entir el. ab ent in the Lcadvill mining di trict, 
and Emmon~ de ription ioclud 'f w from tho otire 
Mo quito Raoa area. 

Four ar·i ti e of th Gray p fJ hyry ar r c gnized 
wi thin th Leadville eli Lri t- the Lincoln porphyry, 
the J hn on Gulch porphyry, th Evans Gulch por
phyry, and the Mount Zion porph) ry . 

LINCOLN PORPHYRY 

DISTRIBUTION 

Th Lincoln porphyt-y wa named from Lin oln 
Mountain , north a t of the L aclville eli LI"i t , where 
it i , b t cl lop d. I t form th ummit of that 
mountain and th ummi t and part of th lope of 
Mount Bro o th outh and i r port cl by Emmons 
to occm al o on th - ea t ide of th Platte alley. 
In the nr·ca r pre nted on Plat. 11 it form everal 
heets at the top f he Blu e lim tone and in the 

lower part of th ' W b -r gr it ," one heet in the 
Cambrian [unrtzitc, and om mall dikes in th pre
Cambrian rock . Within the L advili eli trict rock 
imilar in m aa copic apperu·an to th Lin oln por

phyry and ther for con lat cl with it i found on 
Little Ellen Hill , on Print r Boy Hill , and in th Yak 
tunnel. In the Yak aJ:ea th ro k i locally known a 
th 'Bazoo porphyr y ," on a count of it prominent 
developmen on the Bazoo claim. It lo ly r mbl 
the quartz mon~onite p rphyry of Br wery Hill , in the 
Br ck nridcr district, cl scrib cl b y Rnnsomc , but 
. eems to b gencrall - o high in plagiocla tha t it 
hould be cl eel a a granodiorite porphyt·y. 

PETROGRAPHY 

The rock on' eath r eel urface and where in ten ely 
altered i of a light cream color but elsewhere i !!ray lo 
greeni h gray. It contains large phenocryst of ortho
clase and q uar t.z and maller ph nocry ts of plagio
clase and of altered biotite and hornblende, mbedded 
in a dense matrix. The large orthocla e cry tal are 
Carl bad twins, u ually pink, and range fr m half au 
.inch to 2 inches in length. They conta in numerous 
inclusions of altered plagiocla e and biotite, and some 
are impregnated with calcite . In thin section they 
appear clouded by minute pecks of kaolin and iron 
oxide, and a few cracks contain sericite, which is evi
dently derived from the inclosed plagioclase. Though 
these phenocrysts are very conspicuou , they are 
hown by measurement to con titute only 8 per cent 
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by volume of the rock in the Bazoo claim. In the 
ck from Little Ell en Hill they are very promin nt, 

r~d wher e the rock is disintegrated they and the large 
~unrtz crystal have w athered out and li e catter ed 
alona the outcr op . ( ee pl. 36, A .) 

The plagiocla e ph nocry ts, though l s con picu
ou are more abundant· and con titute 35 to 40 p er 
cent of the volume of the rock. They range from 0.25 
to2 .15 millime ter~ in length (average 1.03 millimeter ) 
and where not too much al ered show ty pical twinning 
otrin.tion . Under the microscope the op tical prop
ertie of unaltered r emnants are tho. e of and.e ine 
(Ab

6
An,), but mo t of the plagiocla e is much altered 

to feltlike aggregate of serici t , albite, and epidote 
aud irregular and. more par~ ely cattered patche~ of 
calcite. 

The quartz ph nocry ts range from 1 to 4 milli
metm in izo. M ea ur em ents how that they make 
up only .6 per cent by volume of the rock from the 
Bazoo claim, although the total amount of qu artz i 
con iderably greater. orne of the phenocry ts ar 
remarkably free from inclu ion , and other~ contain 
milJ1y. In the rock from the Bazoo claim and Printer 
Boy Hill they are rounded and embayed by magmatic 
r orption, and none of them how cry tal boundari . 
In the rock from Little Ell n Hill they ar much larger , 
many atta.ining a diameter of 10 millimeter or more, 
and ar beautifully developed double py ramid with 
mailer pri matic faces . 
The clark ph nocryst of the rock are biotite 

in orne places hornblend · they are num rous and 
conspicuou in om varietie and only parsely cat
tcred in oth rs. The biotite i::s u ually in plate which 
range from 0.2 to 2 millimeter in diameter. arly all 
'these plate are par tly to thoroucrhly altered to mix
ture of erici te, chlori te, pidot , and carbonat . 

me of the biotite crystals are r eplaced by relatively 
coar'e-grained agg regate of chlorite and mu covite. 
Exten iv ly al t r d ry ta l nr di tor t d, a if th' 
cleaYage plat had be n pu hod apart b h crrowth 
of tho docompo iti n prod uc t . 

In th rock fr m th Prin ter Boy min e th horn
blende ph no ry t hort t ut pri m ar ompn.ra
tivcly a bunda.n t and 1u a c n pi uot a th g ua r~ 
phcnocrr , th ugh maHer. omc of them form 
profu ely catt r d in ·lu ion .in th Iaro-e or thocla e 
pheno ry t . 

The gr undma in th rock wh rc len. t a.lt r eel , 
i u ually d vc- olored andY ry fin crraincd to den e. 
ingle rrrain rang • from 0.1 millimet r in diam ter 

downward but on the who! ar of rath r uniform ize 
nnd of roughly r ctangular to cir ular u tline. The 
recognizable mineral ar usually untwinned f Jd par 
(albite ~) and quartz. L die plagio la e can ldom 
be identifi ed with certainty, but, to judg from the 
exten ive development of eri ito and cal ite a decom
po ition product , it. wa probably pr ent in con icier-

able amount in the original groundma . patite, 
zirco n, magnetite, and titanite ar c invariably pre ent 
in typical crys tal Md allanit i also a fairly on ant 
minor CO)l ·ti tu en t·. 

Plate 37, B, hows the microscopic appearance of the 
fre hest obtainable p ecimen of the rock. taken from 
the Yak tunnel more than 1,000 fe et b elow th ur
face . Thi doe no t how any of the large orthoclase 
phenocry t . 

CHEMJCAL COMPOSITION AND CLASSIFICATION 

A ch emical analy i of tiie type rock from M ount 
Lincoln , quo ted from the Leadville monograph, is 
given b elow, wi th the corre p onding norm and mod 

Analysis of L incoln porphyry from Mo unt Lincoln 
~ 

Analysis 

66. 45 
15. 4 

2. 59 
l. 43 
1. 21 I 

2. 90 I 
3. 92 
2. 9 : 
. 4 

1. 35 
. 10 
. 36 
. 05 
. 09 

None. 
Trace. 

. 07 

100. 09 

orm I Mode 

Qua rtz ________ ____ _ 29. 10 29. 
Orthocla e ___ ______ _ 17.24 5.6 
Albite __ ______ _____ _ 33. 12 33. 1 
Anorthit e and 

epidote ___ __ ___ ___ 3. 34 3. 3 
Corundum-- -------- 5. 00 

eri cite _____________ -------- 16. 7 
H yper tbene_ _ _ _ _ _ _ _ 3. 66 __ __ _ _ 
Chlorite _________ __ _ ---- - --- 3. 
ifagnet.ite ____ ______ 3. 71 3. 7 

Apatite·--------- - - 1. 01 1. 0 
Calcite_____ _________ 3. 10 1 3. 1 
Water._ _________ ___ . 4 ~ -- - ---
Rutile ___________ ___ -------- __ ._1 

100. 12 100. 2 

1Specifi c gravity , 2. 670. 

\..ccord.ing to the quantitative las ification , th rock 
la seno e (1.4 .2 .4). 
The alteration of the rock,. indicated by the quanti

t ie of corundum, calcite, and water in the norm, pre
v nt a pre i determination of the min ral compo i-
tion or mode. If the xc alumina repre ent d b 
th corundum i entirely du to ericit and chlorite, 
are alculation w uld how 16 .7 per cent of ericite, 
3. p er ent of chlorit , ancl onlv 5.6 per cent of the 
pure rthocla m ol cul . The ericite i larg ly an 
alterati n product of plagiocla e and may b e clue 
mainly to th introduction of additional pota h by 
min ralizino- waters or to a recr . ta.ll ization of oricrinal 

on titu nt during hydration. According to the fir t 
cau the original orthocla e, e> n if it contain d a 
much a 50 p r cent of the albite mol cule, would. 
am unt to only 10 or 12 p er cent, whet·eas plagiocla e, 
which would have a compo ition approximating 

b6An1 would amount to. 3 per cent or more, and 
the rock would b cla ifi. 3d· a grano::liorite. If on 
the other hand, practically all th pota h wa~ originally 
pre: nt in orthocla e and all the lime originally in pla
criocla , only 5 p r cent of th e albite molecule would 
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b requir db th orth cia e to pia e th rock in•the 
quartz monzonit group. Tb e feld ' Pil l ' would th n 
hav the f !lowing a1 proximat composit ion: Ord10-
da. (0r3 b, ) · plagiorla c (_\.b ,_\.n ,) . A the pl agio
clase id ntified opLically wa n ca r b 3 n2 , th ro k 
app ar to b intermcdiat betwe n o-ran di0rite and 
quar tz m onzoni te. 

R a n om ,8 who ha m ade a om para tiv tudy of 
the in tru ive ro ks in the L ad\ille Breckemido-e, and 
n ighboring di tri t JU to. ' h e :~orcgo ino- anal· i and 
refers o th e Lincoln porphyry a iliceou quar tz mon
zonite. The pr va iling monzon it i charac ter of the 
intru iv rock i a mark d fcatur of th r gLOn 10 

o-eneral. 
JOH OK G L H P RPHYRY 

DISTRIBUTION 

The variety h r called John on Gulch porphyr y i 
the Gray porphyry of th Lea dvill monoo-mph. ·ext 
to the White porphyry it i th mo t wid pread in
trusive rock within th L advill e di trict ( pl. 13 ), but 
it i not definitely r ecoo-niz d eJ wher . It forms the 
exten ivc h eet that ov rli th Whit porphyr y in 
the northwe tern CJUar t.cr of the di rict and the in
tru ive heets exp sed in mine workings und er Iron 
Hill , Carbonat Hill , and el ewher . The tockl ik 
mass at Breece Hill , where not too mu ch altered, i 
clo ely imila.r to if not identi a l with the John on 
Gul ch porphyry, and proba bly r pre en the conduit 
through which it ro e; but th e t.oc k may include al o 
one or more later iu tr u ions. 

PETR OGRA PH'Y 

The J ohn on Gulch.porphyry i ver y imilar to the 
Lincoln porphyr y, ju t d cribed, but generally lacks 
the large phenocry ts of or thocla c and quartz. A few 
of th 'e are pre ent, but the_v are sporadic and not a 
di. tinctivc feature of he rock. Thi rock, like the 
other porphyrie , i con iderably a ltered thro ugh ut 
th eli tri L, but ome nly ·liah tl · nltor d pecim n 
have b en found . 

Th color of the pecimen range from gre ni. h 
gray to dark gr n ns the perc entage of dark miner
als increa In th lighter-colored vaJ:i tie bio
tite oc ur~ with littl e or no hornbl nde; in th e darker 
varietie hornbl end e or it alteration products are 
abundant. In the dru·k t facie the hornblende i 
hiefly in the groundma . The darker varietie , 

which may corre pond to the porphy.rie described 
by Cro in the orio-inal repor t, occur in mall ma e 

0 ' 1 u t the lighter and. in termediate variet ie form lnrge 
rna and ar typ1cally r epr en ted by the porphyry 
at Johnson Gulch. 

The minerals of the John on Gulch p rpbyry are 
orthocla e, plagiocla e, quartz, biotite, and hornblende, 

a Raos me, F. L., Oeokgy nod ore deposits or the Brecken ridge dist rict, olll.: 
U. S. Oeol. Sur vey rror. Paper 75, p. 44, 1911. 

wi h a e ~ory magn tite, apatit , t itanite, and nllnu
i e. A alt r ation produ 't erici te a nd hl ori te are 
inva riably pr ·en ; p ri te, ep:dot , cal ·it , nnd id r
it (l) ar ommon· andquar uzo ' Ul" h r andthcr 

alcit i v ry ab un lant in t h dark r vari cti · 
K aolin app m x t nt in ro 1 n car the ur: 
fn bu t i ly n b n t in the d eep er- ea ted 
ma. 

The phenocr ar e plao-io Ia e a f w larg ortho-
cla cr y a! , quartz biotite, and h rnbl cnd . The 
lru·g or th clase phenocrysts ar e s u tia ll y id ntical 
in charact r' i th ho e in th Lincoln porphyry and 
co ntain inclu ion of eri i iz d ]Jiao-i Ia and chlor. 
itiz d biotit , a- well a impr gnation of cal ite. A 
chemical anal i f tho from the John on Gulch 
porphyry quo ted fr m the L advi llc mono o-ra ph. i 
given b elo' . 

Chemical an al y is of orthoclase phenocryst from G1·ay [J ohnson 
Gulch] poqJhy,·y 

JW. F. Hlllebr nd, nnnlys l] 

A nn ly is 

iOz---- - ---- - ---- -- Ba 22 
Al"0

3 
______ __ ---- _ _ _ 20. 33 

ao ________________ 2. 95 
~a2 ----------- ---- :~ . 45 
K2 ---- _--- --- _ _ _ _ _ . 31 
Lo on ignition __ __ __ 1.90 

99. 16l 
---

rthoclas - ------------
!bit ------- - - --------north i te _____ ________ _ 

Qu~r.tz _____________ ___ _ 

rt 1te --- - -------- ---- 15 
alcite - ----------- ---- 2 

100 

Without para t d termination of wat r a nd cnr· 
bon dioxid , both in lud d in " lo ' on ignition ," only 
the abov rough calc ulati on f the omp iti on of the 
mineral and i inclu ion an b made. It erves, 
ho\ ever to indi at the odi chant t r of the ortho
cla . 

The plagiocla e phenocryst vary within wid limi 
in their abundanc and izr. Th ir lrng h i · usually 
bet\ een 0.5 and 5 miUirnet era. In the more alic varie
t ies they are of nearly the am color a th groundmn ' 
and are not r eadilv discernibl , but in the more mafic 
varieties they form a triking ontra t with the dark· 
green groundma . They range from n early 30 per 
cent b y volume down to approximately 3 p r cent, 
but plagiocla e in the groundma is ab undan t where 
the phenocry t are carcc and ab ent wher e they are 
pre en t in large number . 

Quartz phenocry t are invariably pr ent. They 
are commonly much re orbed and of very irregular 
outline. M any of them are broken and th irfragments 
eparated by sub eq ucntly cry tallized groundmn .. 

They range from a maximum of m illim eter .3 to a 
fract ion of a miUimeter in diameter. The larger ones 
are relatively few but are o prominent that they make 
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A . PII OT0 \11 CHOGI1APH 

' how i n~ ('hnruclC'ril'-lic texture ror mcd hy intf' rloc·kir lg ecdingl y minute inclu ions 

C. DGt Oll iTI C 

n. 
JOI T PLA, 8 I ' WHI TE P RP H Y ilY 

LEAD 11- LE D l T ill T 

. 'howin t;: murkcd lcodoncy toward porphyril i texture 
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l.u r~;r- phe no<· rysH of ort hoclase in rock (ut IPf l) und wc:1t hcrrtl out of rock (ul ri ght.) . Nalura l s ize 

H. S I' EC I '<I E 1'1\ 0 \1 ·· H ED CA T ·· lli~ DS 
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. 1. S I' I·:C I \ I EI'< 01' 1111YOLITJo: S ll () \1 l 'i (; I'LO \\ Ll'oi·:S •\ I) \ Jo:SI CLI L \ 11 11, ,Tl HE 

li. P II OTO \II C: HOGH.AP II 01' I. I C\ CO L:\ POI11' 11YI1Y 

Sho" illto; phcr l( -ryst.:. of phiKioclu"c u11d tluurl z i n a finel y HfHIIulur t!rou nd r tta~ . Th<- q unrtz ph(' llO{Ty:-.ls nn"' sw-rouru.h•d hy h:d(h of quurt t. <"ro"d, •d 
wilfl incl uded g r n i llS Of t lH.' !! fOUIJdnt H~.., 

C'. T lll i'\ SJo:CT IOi\ OF (;(;L() \li':HATE- BHECC I <\ \l ATH!'- 1'11 l \ 1 J O "I E \II "\ I·: 

Showing fra~t ru c nt ., f q unr tz , uus<"rici tiz('d glass, nnd srrieitized frngul{'rrl :; of ru rli<'r porph yrit ... ..., 
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MAP OF CENTRAL COLORADO, SHOWING BELT OF INTRUSIVE PORPHYRIES 
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the percentage of quartz appear larger than it really 
·, The smaller ones are more widely scattered. In 
n;unber they are everwhere ubordinat to the plagio
clase phenocrysts , and in this respect the rock presents 

8 
marked contrast to some faci of the Lincoln por-

phyry. li h l d · · b' · · In the g ter-co ore vanet1es 10t1te 1 gener-
ally n.b ent from the groundmas but present as 
phenocrysts, which are much le s abundant than 
tho e of plagiocla e. It occurs in h exagonal plate , 
uenerally thin but locally thick, which range from 0.1 
·'o 2 millimeters in diameter. Where it is unalter d 
it has typical pleochroi m from yellowish to deep 
brown. J early everywh er e, however , the bioti te i 
altered to an aggregate of muscovite and chlorite, 
accompanied in places by a white opaque mineral 
(leucoxene~), carbonate (siderit e~), minute needle of 
rut ile, and grains of magnetite. This alteration ha 
generally caused a di tor tion of cleavag plate . The 
phenocr) ts of biotite inclo e numerou cry tals of 
apatite. 

Hornblende phenocrysts ar e much le . common 
than those of biotite, excep t in the more mafic vari e
tie , and are alter ed largely to chlorite. In one p ci
men from the Com tock mine alter d hornbl ende 
phenocrysts a much as 5 millimeters long and 3 milli
metei thick are unu ually abundant, but hornblend 
i" entirely ab ent from the groundma , which is it lf 
much lighter than the u ual hornbl odic variety. 
Large phenocry. ts of qunrtz ar e al o prominent in 
this rock. 

In some varieties the hornblende has the form of 
small needlelike crystal about 3 millimeters long and 
1 millimeter thick. 

Under the micro cop e the groundmas of ligh er 
varietie is found to con i t chiefly of quartz and un
twinned alkalic feld par wi th subordinate, variable 
quantitie ofr cognizable plagiocla e. The individual 
grain of quartz and alkalic feld par in both the coarser 
and the moderately :fine grained vari eti are roughly 
circular, a in mo t of the White porphyry. In the 
peripheral portions of the rock many of th individuals 
ar e o mall that their eparate identificatio ni impo -
sibl . The feld par is consider ably altered to minute 
flak of ericite. Sericite i al o pr ent to some ex
tent in the quartz. 

Bio tite in minute irr gular flake u ually much 
1:1ltered i pre ent in th groundma of orne varietie . 
Th dark-gr een O'roundma owe its olor to chlori t 
derived from hornblende and bio ite. It contain 
num rou cry tai of apatite and irregular grains and 
in plac crrt.al of titanite, and a few ction con
tain allanite. 

CHEMICAL COMPOSITION AND CLASSIFICATION 

Of the two chemical analy~ e given b low, o. 1, 
quoted from the Leadville monograph r epre ents the 
type rock in John on Gulch. No. 2reprc ents a orne
what pyritic vari ty collected by J.D. Irving, but it 
exact locality i not r ecorded. Mor analyse ' ould 
probably ho\\· con iderably wid er \ariation in com
po ition. 

Analyses of J ohnson Gulch porphyr11 

Analyses 2 

Norm Mode Korm Mode 

iO, ---- --- ---- ---- ·8. 91 II Quartz ___ ___ ________________ __ -! 32. 64 2 . 74 29. 16 
AJ,03 ---- ··- ---- ---- 14. 27 Orthocla e --- ----- - -- ---- -- ---- 9. 73 42. 26 35. 00 
Fe,03 - -- ----- --- --- • 90 Albite------ ---- --· --- ---·----- 29. 3-1 29.34 16.77 16. 77 
FeO ------------- -- . 23

11 

Anorthite -- - ------- ··- --- · ______ . 34 . 3-1 . 56 . 56 
~!gO -------- -- --- - . 67 Corundum -- ----------------- - -' 3. 06 ------- -- - 3. 06 ----------
CaO____ ___ ____ __ __ . 60 ericite ---- - - --- - --·---- - ----- -'- --------- 10. 72 - --- -- ---- 10. 67 

1i10 ---- ·- -- --- - -- 1. 96 , Hyper tbene _____ _ ----- - --- ----- 1. 50 __ ____ ··-- 1. 50 ----- -- ---
K,O ------ -- - - --- -- 7. 15 I Chlorite - - -------- -- - ---------- -- ----- -- - 1. 66 - -- ------- 1. 66 
H,O- ---- - --- --- -} 1 28 { . 43 Mago tite______ ____ __ __ ____ ____ 3. 3 3. 3 ----- - --- --- --------
¥1o02+ __ -_ -_-_-_ -_-_-_-__ --_-_-__ . 1. 12 ' nmenite --- ------ --- - ------ --- - - ---- - ·--- - --------- . 46 . 46 

. 07 . 41 ' Hematite- ---- - -- - --- -- -------- . 32 . 32 . 96 . 96 
CO, --------- ------ . 92 . 26 Rutile------ -- ---- --- ------ - --- - ---- - --- - ---------- . 16 . 16 
bi~~ ---_-_-_-_-_ -__ -_--_-_-_-_-_-_ . 16 . 16 Apatite ---------- ---·-- ---- --- - . 34 . 34 . 34 . 34 

. 03 ------- --- Calcite ------ ----------------- - 2. 10 2. 10 . 60 . 60 
MnO ------------ - - . 09 . 02

1 

Pyrite ------------ --- -- ---- --- · -- ----------------- - 3. 32 3. 32 
rO .• ____ __ . 0 Undet. Water --- --------- ---- -- --- ---- 1. 2 . 57 - ---- - ---- . 3 

~:~=============== g~~:t a: g2 Re L----------- - ··------------ . 24 . 24 1. 1 . 19 

l--1-0-0.- 1-1-ll- -1-0-0.-4-9-l! --99. 41 ,--99.3~--100. 49 

peoific gravity of o. 1 at 16° C., 2.636. 

99271- 27t- 5 

100. 14 
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c ording to the quantitative clas ification of igno
roc1 the John on Gulch porphyry ( o . 1) i lik 

th Lin coln porphyry, la eno e (I.4.2.4) and the 
other variety ( o. 2 ) i om os (I.4.1.2 ) . The mode, 
or true mineral ompo ition of ea<:h rock i approxi
mately hown abo,e . In o. 1 the amount of ortho
cla e calculated to be present, e en on tho a umption 
that it contain considerab le of the albite mol cule 
generalJ y pr nt in orthocla , leave the ratio off old-
pai n well within the limit charo,cte.ri tic of granod io

rit . If the potash in th cricite, ho" ever, is attrib
ut<'d to th alt ration of orthoclase and biotite (in which 
the ratio MgO : K20 is a um d to be 3: 1) th or tho
cia e molecule originally formed about 15 per cent of 
tho rock, and th presence of only 3 p r cent of the 
albite mol cule in the orthoclase would be nece ary 
to bring the feld par ratio within the limit of quartz 
monzonit . Tho occurrence of the ricite principally 
a a r ult of the replac ment of the plagiocla e and the 
a o iation with it of ocondary albite, how ver, imply 
that the p rcenta<Ye of anorthite recorded abov i l 
than that contained in the unaltered rock, which was 
evidently near the arbitrary boundary between grano
di rite and quartz monzonite. 

In the mode of o. 2 a recorded above tho fcld par 
ratio places the rock on the border line between gran
ite and quartz monzoni te, but here al o alteration 
ob cur it. original compo ition. To a umo that 
the pota h of th0 erici o wa originally in or thoclase 
would plac the rock well within the granite <Yroup 
whc~·ea r toration of the anorthite molecul replaced 
by ricitc would plac. it well within the quartz mon
zonite <Yroup. The pyTite ha r placed original biotite 
and perhap ilmenite. 

)fAFIC VARIETlE 

omparatively little rock r epre entin O' the mafic 
fa ·i ~ of Lho Gray porphyry and corre ·pondinO' to the 
porphyrites de cribed by Cros occms within the 
Lead\ill eli trict. In other word , the rocks on the 
eEL t ide of the Mosqui to R ange ha'e in general a 
sli<Yhtly more ba ic facie than tho e on the we t ide. 
A f w rocks of which no analy e have been made but 
which appear to correspond to the more ba ic rocks 
described by Cro were observed in the di trict. 

orne of th o are highly quartzo e and much 1 basic 
than they app ar. 

EVANS GULCH PORPHYRY 

During the fir t m ey of the district tho gray gran
ular igneous rock that occupi a triangular area on the 
north slope of E van Gulch wa doubtfully correlated 
with the Mount Zion porphyry, which is present on 
Mount Zion and Pro pect Mountain, 9 but the two 
rock are 0 different in chemical composition that 

• U. S. Oeol. Sun,ey Mon. 12, p. 76, 1 6. 

they are her clas ified p!Lrat ly, and th natn 
E van Gulch porphyry is applied .to tho rock on tb: 
north . lop of E an Gul h. ThiS rock difl'crs frolll 
other mcmb 1 of he ray porphyry group in having 
a fin , almo to on O"ra i.n d te.·tu.r , and it r mbl at 
:fu· t glanc a fino-O'ram d gratu t . n clo e in pec-
tion, h wever , it plaO'i la . ~pp ru: .whiteroughl]· 
r ecta.ngulaT cr tals 3 mtlhmoLc m maximulll 
length omb died in a fin -grain d groundma , and 
ther for the term porph ·y i om ' hat ju tificd. 
The plagi cla con Litu te 25 o 30 per nt of the 
rock. Be ide plagio la minut bla k to dark-green 
irregular flake of biotit and a few grain of color! ,, 
quartz can be d tccted without th aid of a lens. 
Many mall pi on th w ath r d urfaco and the 
ffer e c nc of th ro l in dilute acid indicate the 

pr nee of cal ite. The hand 1 ns how that th1 

quartz in the groundma i clo ely a o iated with 8 
gray mineral whi h und r the micro 
be orthocla . 

nder th mi ro ph nocrJ ts 
eli play a zon al tru aro clouded, 
e.·wcpt for the rim , by Rlteration to ericit . Their 
ave.rag composi tion i d terminable a oligocla e
andcsine, but tho cl ar rim arc albit , and the more 
altered cry tal al o contain ondnry veinlct of 
albit . mall amount of ca lcit and pidotc accom· 
pany th eri ite and albite. B id the phenocry t , 
plagiocla e form liLilc r angular ry tal 0.1 milli· 
meter or le in length in th ' groundma . 'fh 
mall cry tal are more odi than th larg r ry llili. 

Orthocla e o curs in irro()' ular grain lo ly a o-
ciated with quartz. It · mo t rcndily di tinD"ui hed 
by its includ d du tlik parti I c of fcnic oxide and 
kaolin and the car ity of ricito. A f w grain how 
micrographic intcrgrowth ·with quartz nndafew how 
poorly developed p rthitic in tergrowths wi th albite. 
Quar Lz forms t, pic 1 inL l"LiLial oorain l·arely ' 
much a 1 millimeter in diameter. A f w hav cry tal 
boundari in contact with irregular grain of calcite 
and appear to b e econdary or perhap econdnrily 
enlarged. The e calcit grain , the large t 1 millimeter 
in diameter, have impregnated th groundmas by 
r eplacing orthocla e. Th bio tite i entirely altered 
to chlorite, of which orne pre erves the original biotite 
structure and orne forms diverging aggregate . Ma!!· 
netite grains of irregular to cry talline outline are 
closely a ociat d with the quartz and orthoclase, but 
few if any are inclo eel in plagiocla e or bioti te. 
Apatite and zircon form typical minute cry tal . 

MOU T ZIO PORPHYRY 

The Mount Zion porphyry also, where fro h and 
unaltered, is a fine-grained gray grani ic rock with the 
sume mineral as the Evans Gulch porphyry '0 but 

10 Cross, Whit man, U . S. Oeol. Sur vey Mon. 12, pp. 323- 324, 1 6. 
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contains more quartz and les bio tite. It is rarely 
fou nd unalter ed, however, and i~ v:ariou. stages of 
alterat-ion it passes throug~ a fac1es m wh1Ch decom
posed biotite produc sa sh~htly sp? tted appearance 
-010 a white rock that gl1stens w1th fine lu trous 
~art-icles of muscovite and can hardly b e di tinguish ed 
(rom the White porphyry. Emmons 11 stated that it 
i much decomposed on the outh slopes of Prospect 
~fountain and apparently !ITa_des into the White por
phyry. On Plate VI of the atlas accompanying the 

Leadville monograph, included in Plate 11 of this re
port, he r epresented the Mount Zion and Whi te por
phyri es a parts of the same formation. As th Mount 
Zion porphyry was not studied during the r urvey, no 
further sugge tion can be made on this question ex
cept that offered by comparison of the chemical 
analyse . 

The chemical and calculated mineral composition 
of the Evans Gulch and Molmt Zion porphyries are 
shown in the following table : 

Analyses, norms, and modes of Evans Gulch and Mount Zion porphyries 

-
Analyses I 2 

" Norm Mode 1 orm Mode 

i01 .-- ---- ---- ---- 63. 25 73. 5o 1 
14. 7 

Quartz __ _____ _______________ ___ 23. 64 25. 0 34. 6 35. 2 
Al103 -------- - ----- 16. 16 Orthoclase--------------------- 19.46 12.0 21. 13 16.4 
Fe103 ---- - --------- 2. 60 . 95 1 

. 42 
ericite ___ _ _ _ __ _ _ _ _ _ _ ___ _ _ __ __ _ _ _ __ _ _ _ _ _ _ a 11. 5 _ _____ __ _ _ 4. 4 

FeO ___ --- - - -- --- - - 2. 44 Albite -------- ---------- - ------ 29. 7 29. 9 29. 34 29. 3 
~JgO __ ____ -------- 1. 62 . 29 Anorthite--- --- ------------ -- -- 7. 7 a 7, 8 10. 56 a 10. 6 
CaD- ------- ------- 2. 99 2. 14 1 Corundum _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3. 9 _ _ _ _ _ _ _ _ _ _ 1. 43 _____ __ __ _ 

Xa10 ---- ---------- 3. 54 3. 46 Chlorite (pen nine) _--------------____ _____ _ as. 9 ______ ____ a3. 0 
K10 ___ __ __ -- -- ---- 3. 26 3. 56 Hypersthene _ __ ___ _ _ _ __ _ _ _ ____ _ 5. 55 _ ____ _ _ __ _ . 70 _____ ____ _ 

H,Ot ------ - - ----- 1. 5 } '90 Magnetite - -------- --- --------- 3. 71 a3. 7 1. 39 a I. 4 
H10- ---- -- ---- --- . 63 Dmenite _ - ----------------- - --- . 91 . 9 None. ----------
co, -- ----- -- --- --- . Apatite--- -------------- ------- . 62 . 6 Jone. -------- --
TiO, _.------- --- --- • 50 one. 

one. 
'03 

one. 

alcite____ ____ __ __________ _____ 2. 00 2. 0 ---------- ----- --- --
P10~, - - ------------- . 30 Water _________ ---- _ _ _ _ _ _ _ _ _ _ _ _ 2. 4 a . 6 _______ ___ - ____ .. ___ _ 
~loU __ ---- - - - - --- - -- - -- - - - --

_____ , _____ , _____ -----
BaO-- ---- -- - - - - - - - - -- - - - - - - - 100. 00 99. 9 99. 23 100. 3 
ro ____ ___ _________ ---- -- ---- Trace. 

100. 02 100. 12 1 

• Sericite is subject to a slight c rrection ror kaolin; anorthite and exea s w .lter ror epido te; and chlorite nn I magoeti te ror epidote and hematite. 

1. Evans Gulch porphyry from tunnel 200 feet cast of ilver poon haft. J . G. Fairchild, analy t. 
2. Mount Zion porphyry. (Quoted from . . Geol. urvey !-don. 12.) W. F. Hillebrand, analy t. 

According to the quantitative cla i:fic11tio n, both of 
th eporphyrie ar e to canoe (1.4 .2.3), but the Evan~ 

Gulch porphyry i very n ar las eno e (1.4.2.4) . The 
Eran Gul h porphyry i the more alter ed of the two , 
a· indicated by the presence of eri ite, hlorite, and 
calcite bu it original min ral ompo iti n i not 
greatlyob ur d. llowan for th mall amount of 
orthocl r pla d h al i L and for the minor amoun 
of tho albit m lccul pre nt in h ortho la !ITain 
places the f ld pn.r r atio w.i thin th rana o r d b 
monzoni te but r ather near. that ov r d by granodio
rite. The feld par r atio pla th M unt Zion p r
phyry in th arne group, and bo th ro ks rna be 1 -
ificd a quartz monzoni n ar aranodiorit · but th e 

much high r per entag of quartz and lower p rcent
age of dark con titu nts in the Mount Zion porph ry 
would clas ify it as granite porphyry. In thi la t 
r pect it los ly r mble th Whit porphyry (p. 45 ) 
and tends to ju tify Emmon in correlatin th two 
rocks a parts of the arne formation . The E an 
Gulch porphyry b ar no re emblance to the White 
porphyry and i o d iff er ent from th Mount Zion por
phyry in hemical compo ition th~t it i mapped sep
arately on Plat 11. 

11 ldem, p. i6. 

OTHER PORP HYRIES IN MOSQUITO RANGE REGION 

The type above d cribed include all the pecim ns 
coil ct d within the Leadville di trict. orne aria-
tion would undoubtedly b found if a compl t mic 
of analyse wer mad , bu t th p. trographi imilarity 
of aU th known vari tie i too lo to warrant the 
~xpcn e of additional analy i . 

In the Mo quito Rana r aion as a whole the com
po ition of th porphyri varie a O'Ood deal more 
wid ly than it do within t.he Lead ille di tric t. 
The variation ar briefly considered in the ction 
on r a ional r elation hip. of the intrusive porphyries 
(pp. 54- 55) . 

AGE RELATIONS OF PORPHYRIES AT LEADVILLE 

AJthough the Whi te porphyry in mo t parts of the 
district is i olated from the cliff r ent varieties of Gray 
porphyry, there are a few place in the Iron Hill and 
Fry r Hill area wher it i cut by dikelik apophyses 
from Gray porphyry ill . The Gray porphyry in the 
extensive ill that ov rli e the White porphyry in the 
northwest quar ter of th di trict w evidently in
truded from the conduit at Breece Hill, cro scutting 
the Whi te porphyry and preading along its top be
n ath a roof of th " W ber hale ." The earlier age 
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. . th tablished in the di trict; but owing to tho c01;nplexity of the porphyries 
of .the Wh1te porphyry JS us es . b h in and around the Breece I1ll tock and the ob cur· 
western part of the di trict, but at Breece Hill, ot of th ir relation to ach oth r, it may be that o:g 
on the surface and underground, there are plac~s whert of the rock in thi stool~ is lat~r tha? that in the sil~ 
the porphyries are so diverse in textur e and. 0 .h1g~ly a- and i to be correlated w1th the mLrus10ns that follow d 
tered that the White porphyry can not be dlSt~n~m hed the period of foldi.ng a. nd .rev rse faulting. The ien-
ur1'th certainty from the Gray porphyry. Tlu 1 esfipe- 1 d 
., f G. h y ner tensity of miner a lZatwn m an around the Breece 
cially true where small ma ses 0 ray porp yr ' b Hill took suggests the pr en e of uch a lat.e iutru
grained than the typical r.ock, have bee~ bleach:d y sion, a mineralization in c rtain other di tricts in 
alteration, and where Wh1te porphyry s1lls a " ell a:s 

l ti t central Colorado i closely orrelaLed with igucou· Gray porphyry sills are present at the ower s ·a I- h 
f k h ver stocks inti·uded ub equent to t e period of foldiug.u 

graphic horizons. The Lwo kinds ? roc , ow~ ' 
can be distingui hed under the mJ.cro, cope, except 
where alteration i extreme, and Irvmg study of the 
Breece HilJ area showed that the Gray porphyry wa 
much the more abundant. For thi reason ~ll the 
porphyry in this area, where not positi ely iden t1fied a 
White porphyry, is mapped a Gray porphyry on Plates 
13 and 27 . 

The relations of the different varieties of Gray por-
phyry to .one another ~ave not been determined, part! . . 
becau e of their i olat10n but largely because of then 
altered condition in the area studied in detail. At a 
f w places one intrusion of Gray porph~-~ has been 
found cut by another, but the two vanet1e are too 
much alike in their altered condition to be classed a 
different varieties. The evidence as a whole show 
that a1thouah the Gray porphyry sills were not all 
intruded at ~uite the same time, the intru ions all took 
place within the interval between the intrusion of the 
White porphyry and the period of folding an.d I~eve~e 
faultina described in the next chapter. W1thm th1 
interval there was no conspicuous change in the com-
position of the Gray porphyry magma. . 

The local aae relations considered in the precedmg 
paragraphs d~ not represent the entire age relations of 
the igneou rocks of the region. Knopf has fo~nd that 
in the Aspen district sills of dioritic rock were mtruded 
before an albite alaskite porphyry that resembles the 
White porphyry of Leadville, and that a stock of gra~o
diorite was intruded later.12 Crawford,13 from studies 
at different places in Colorado, concludes that a wide
spread intrusion of porphyry, mainly as sills, antedated 
a period of folding and faulting, which was followed 
by small intrW3ions of quartz diorite and a batholithic 
invasion of quartz monzonite. These two recent state
ments agree with the findings of Cross and Spencer 14 

several years earlier in the Rico Mountains. 
The porphyry sills of the Leadville district belong 

to the earliest group recognized by Crawford. The 
stocks were supposed by Irving to be contemporaneous 
with the sills of Gray porphyry, and this supposition 
is supported by the larger structural features of the 

11 Knopf, Adolph, Recent developments in the Aspen district, Colorado: U. S. 
Oeol. Survey Bull. 785, pp. t>-14, 1926. 

11 Crawford, R . D., A contribution to the igneous geology or central Colorado: 
Am. Jour. Sci., 5th ser., vol. 7, pp. 365-388, 1925. 

u Oross, Whitman, and Speocer, A. 0 ., Geology or the Rico Mountains, Colo.: 
u.s. Oeol. Survey Twenty-first Ann. Rept., pt. 2, pp. 96,98-114, 1900. 

STRUCTURAL FEATURES OF PORPHYRIES AT LEADVILLE 

FORMS OF I TR IVE BODIE 

'l'he forms assumed by th intru ive bodi hare 
been largely determined by the structural f aturcs o! 
the rocks which they hav invaded. In the pre

ambrian crystalline rocks the porphyries occur as 
, rtical or nearly v rtical dike , but in the dimeutary 
cov r , where the lin of least resi tanc lay parallel 
with the compon nt la ·or~ , th r have pread between 
the trata a ill or she t . The few stocklike bodies 
pen trate both graniL and overlying strata, but eren 
the e:xten ive und rground d v lopmcnL in Leadville 
ha not fully outlined them. 

SllLS OR SHEETS 

The sill, or heet, i by far the commone t form at 
Leadville. Sills occur at many horizons in lhe edi
mentary layer , which at th p riod of injection were 
undoubtedly horizontal. The large t one i the main 
sill of White porphyry, whi h in orne place attain a 
thickness of 1,500 feet, but the thi kne and lateral 
extent of some of the Gray porphyr il1 are also 
great. . 

The sills, especially tho e of the White porphyry, 
are for considerable di tances fairly conformable to 
the bedding. Few of the large ill , however, are 
conformable throughout; nearly all break aero h~re 
and there from one bed to another. The cro cuttmg 
contacts of the White porphyry sill are nearly all at 
small angles to the inclosing sedimentary laye~. 
Such contacts of the White porphyry may be seen lD 

sections N-N' on Plate 17, and B-B' and C-C'on 
Plate 14. The Gray porphyry bodie , on the o~her 
hand, are very much mare commonly cro scutt10g, 
tran gress the layers at aU angles, and in places ter· 
minate abruptly. They are accompanied by hort, 
stumpy apophyses or off hoots, some of which form 
a maze of interconnected bodie . 1~ The crosscutting and tran gres ing contac of 1. 

appear in general to slope upward, away fr?m therr 
conduits. This fact is illustrated by the maw Whlte 
porphyry sill of the Leadville district, who e ma~roa 

· · th newh· appears to have entered the sedrments m e " 

"Crawford, R. D., op. cit., pp. 384-386. 
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B ece Hill probably through the arne 
d of re ' 

~~b~ that later gave acce to. the Gray porphyry. 
~n~UJt d ·t the two porphyne are closely a so-

hi. con ur . 
.I 1 d 0 appear to grade mto ea ·h other. In 

.J an eve M . . S h 
t~~ll'll .. 't -that i on Ball ountam, m out 

00 

f]O!Ol y ' d h h d f c l' ' d Evans gulche , an at t e ea o a 1-

~~~~ ~~ch-many sill of ~he White porphyry .lie 
• UJS th Lower q uartzrte and the underlymg 
~tll'een e 

~niteh .. from Breece Hill they gradually ri e to 
far! er cl . h . . 
. h 'zoos until they prea m t en· maxrmum 
~- ~ h' k 0 h ' 1 d velopment and gr ate t t 1c ne m t e 

btt!il e b qf . .• ile bale at the ba e of the We er ( Y) ormatron. 
The large mas e of Gra porphyr)_' th~t have b en 

·vclt< explored have a general 1ll-like form, bqt 
!ltenst J • I . d ·1 D'1 lik . f them are very uT gu ar m ta1 . 1 \: ·e 
e:~nl o f . '11 . h ·hrses extend upward rom certam 1 mto t e 
~~~ :inu trata and locally into Whit porphyry and 
;W) " . E E' d Y k l ~ ~ually thin out ( ee ect1on - an a , p . 1 u, 
: ection M-M', pl. 17); other ill are locally thick
!ned or hare knoblike protuberance ( ee ections 
l'ak,pl.l5, and -l ',pl. 1 !); oth~1 hav~ more com
~~r irre()'ularitie ( ee ctwn J- J , pl. 2u). In gen
Btl the Gray porphyry bodi · are more r gular the 

eater their di tance from th principal conduit , 
;bereas nearthoconduit theyar l astregularaswell 
l!ni "I numerou . Thu in the Iron Hill region ( ee 
: tion A-A', - ' , pl. 23; F - F' and H - H', pl. 24 · 
li-W,pl. 26) Gray porphyry boclie occur in greate t 
Jlllfusiooin tho White lim tone and are >cry irregular. 
The-arne is true to ales clcgr·ee in th Adelaide Park 
mion, but on Carbonat Hill the rna e of Gray 
~rphyry are thinner and more r gular, and in th 
nero part of tho Downto\m di trict only on h et 
·found in the Blue lim tone. 
Thecharacteri tic inegularity of he Gra porphyry 

:·may be attributed in part to tructural condition 
at the time of their intru ion and in part to their de
!f!eofvicosity. _ already tat d, th hal bed 
!Mflicularly tho black hal of th b r ( ~) formati n 

tabove the Blu lime ton , aff rd d th a i a -
· tothe intru iv porphyri . Th Whit p rph:rry 

!bing fU'St and in great q unn tit ·, ' as d fl. ted along 
>:·me of the lower and thinn r hal b d but for the 
•t parlrcachcdtheba ofth We r ( ~ ) f rmation 

along. w~ch it prcad a th larg t intru ive h et in 
~edi lr1ct. Th ra p rphyr r, ri ina later found 
the hale contact larg ly o upi db Whi p rph)T 
and doubtl al o found th lim ton and quartzite 
' well as tho Whit porph '1' ' 1 cally fra turecl a a 
~ult of the Whit porph ~ry intru ion. Th ' W her 
•hal " 0 '11 · IICre t1 an ti tiv barrier 'and th ray 
I'Jrphyry magma wa th r for d tl ct cl alon()' avail
able planes of w nkne wh th r b ddina piane or 
lnlctures. ear the onduit wh r the ~uantit)· I 
lllarnna and the pr ur x rt d by it \ ro O'r at t 
room r th 0 ' or e porphyry wa mad b th lo al thru t-

ing a ide of lime tone, which resulted in the variations 
in thickne of both limestone and porphyry. hort 
branches or apophyses were ent out along fractures 
aero the bedding, and where these were numerous 
and connected with other acce sible bedding plan 
complex hcets were formed. Farther from the con
?uit, ~here the pres ure of the magma was less, the 
mtru ron became localized along one or two bedding 
plane that offered a minimum of resistance, partic
ularly along the one in the Blue limestone known as 
the " econd contact. " 

Only a part of the Gray porphyry magma i repre-
en ted by th e lower sill . A large part of it succeeded 

in penetrating the White porphyry and reaching the 
ba e of the "Weber shales," along which it spread as 
a great sheet, rivaling the main sheet of White por
phyry in size. Thi sheet form the bedrock urface 
w t of theW ton fault and north of Breece, Iron , and 
Carbonate hill . orne of the Gray porphyry magma 
even pen trated the ' Weber hal " and pread in 
heet along bed of the overlying "gri " or and

stone of the Weber ( n formation , as shown on the 
we tern slope of Ball Mountain. 

The difference in >isco ity of the two magmas, 
which were imilar in chemical compo ition, is indi
ca ed by their texture. The White porphyry, which 
i \Cry :finely porphyritic, wa evidently intruded at a 
temperature above the cry tallization point,s of fold
par and quartz, but after intru ion it wa quickly 

chilled, o hat even in the thicke t ill these minerals 
had little time to cry tallizc. The Gray porphyry, on 
the other hand, had already begun to cry tallize and 
contained feld par, quartz and biotite cry tal of con
iderable ize when it reached the edimentary rocks. 

It wa ther fore intruded at a lower temperature and 
mu t have b en more vi cou and more likely to de
form the trata locally rather than to follow b dding 
plane . 

Th r lative quanti tie of ga eou matter or" miner
alize ' pre nt in each magma and the re ulting 
r lativ incr a e in fluidit can not be timated but 
w r vid ntly mall. Th prominence of di tinct 
muse Yit cry tals in the Whit porphyry ugg ts 
that la.til matter ma have been rath r abundant, 
but th mall iz of th~ quartz and feld par rystals 
how tha. it wa not uffici nt to affect cr tallization 

mat rially b fore the magma olidified. Th large 
iz f quartz and feld par ry tals, pecially ortho

clase in om of th Gray porphyry uggests that 
aa ous mat er wa pr ent in ufficient quantity to 
promo e fluidity and the gro\ th of larg ry tal before 
intrusi n. Dike or v in of very coa e grain d or 
peamatiti material are ab nt f~·om .both por~hyries. 
Th influenc of ga eous matenals m rendermg one 
porphyr more fluid than the oth.er thor fore ~ppears 
nealiaibl and th great r regulanty of th Wh1te por
ph\.; i at ributed to it intrusion at high r temper-
atur and i mor r ady ac to the bale beds. 
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DIKES south rn half beneath " wa h. " In horizontal seer 
it i lil\:e a broad lenticular dik , but in v rtical cr~o~ 
s ction it .is funn el shaped. It exte~ds outhwnrd ~ 
the Adelrude fault~ but ~s.no rae . of 1t has 1 een found 
we t of the fault 1ts ongmal outlm mu t have he 

True dikes of porphyry- that is , dik which a~·e 
not merely the apophyses of sills-ar~ rather scarce m 
the sedimentary rocks. Tho e found mclude both the 
White and the Gray porphyry. Besides th_ e the 
structure sections show several dikes that are mferred 
to be present from structural data. (See ection on 
pl . 14- 17 and 23- 26. ) . 

In the pre-Cambrian rocks, however, d1kes of por
phyry are more conspicuous and probably r pres~nt 
some of the conduits through which the porphynes 
reached the overlyincr sedimentary formations. East 
of the Mosquito Ra~ge dikes are numerous in the 
area mapped in detail by Patton and others (pl. 11). 
They may also be numerous in the pre-Cambrian ru·eas 
concealed beneath "wash." 

The Yak tunnel, which is the longest single opening 
in the district and has afforded a continuous series of 
accurate observations, cuts a great number of dikes in 
its passage through the granite-so many, in fact, that 
no attempt was made to map them individually. 
These are near the west edge of the Gray porphyry 
stock beneath Breece Hill. 

STOCKS " 

· No typical stocks of porphyry are present in the 
Leadville district, but two and perhaps three irregu
lar intrusive masses are included under this title. 

one of them are outlined on the ground smface, and 
their dimensions as represented in the sections on 
Plates 14-17 are based on underground observations. 

The largest is a cylindrical rna s beneath the Banker 
shaft, Breece. Hill (sections D-D' , pl. 14; E-E', and 
Yak, pl.15; L-L',pl.16). Itsconta tswith the pre
Cambrian granite are about vertical, but in the over
lying sedimentary rocks it branches into several sills, 
some so thick as to uggest a laccolithic form. The 
surface of Breece Hill consi ts of the thick sill-like 
mas that spreads out from th top of the cylindrical 
stock. This stock fill the main conduit through 
which the Gray porphyry was intruded, but it has not 
been determined whether the latest in trusion along 
the conduit was later than that which spread out 
to form the sills. 

Between Printer Boy and Dome hills (section H-H') 
the mass of Gray porphyry between the Pilot and 
Mike faults is part of a similarly haped mass. Its 
outline has been ob cured by faulting, and it may 
have been a southward continuation of the Breece 
Hill sto k . 

The third stock ( ection D-D', pl. 14) underlies 
Adelaide Park, and although it reaches the bedrock 
~nnf11.0e its northern half is concealed beneath the 
south moraine of the Evans Gulch glacier and its 

"Irving's manuscrip~ contained this heading, but the two pages which presum· 
ably contained a descnptlon or the stocks were missing. Tbe wri ter has had 00 
opportunity to stud y the stocks underground, and the text here gi ven merely calls 
attention to the salient features shown in the maps and sections.-G. F. L. 

h 
. en 

much the same a t present on . 

REGIONAL RELATIONS OF THE INTRUSIVE PORPHYRIES 

Cro s17 in 1 94 call d attent.ion to the general simi. 
larity of the intrusive rocks of l~te Cr~taceous or early 
Tertiary age in Colorado and n 1ghbormg parts of Utah 
and Arizona. He also noted th _ir imilarity in Wyo
ming and Montana. In 1 9 h e mtroduced the names 
monzonite, monzonite porphyry , and quartz monzonite 
porphyry in his de ription of the igneous rocks in 
the Telluride district of the an Juan r egion.u Cr~ 
had intended ev ntua.lly to publi h a revision of the 
terminology of the porphyri es at L eadville, but the 
report on the Alma di trict, to the a t, by Patton," 
who had been in corre pondence with Cro , gave the 
nece sary information. In 190 Ball20 correlated the 
intrusive rocks of central Colorado and showed them 
to lie mo tly within a b elt that extends southwestward 
from Boulder County and to be prevallingly of monzo
nitic character. The Leadville dis trict li near the 
center of the broades t part of this belt (pl. 30). Ran
some/ ' who had worked in the San Juan region, later 
made a detailed study of the Bre kenridge district and 
classified all th intru ive roc1· there as quartz mon· 
zonite and monzonite. He compared them wi th the 
intrusive rocks of the T nmile and Leadville d istric~ 
and concluded that, although they varied coo iderably 
in certain detail , the rocks of all three di tric · 
formed a gener!\.lly continuous eri es . 

As deta.iled r eports 22 on somo of the di tricts within 
this central Colorado b elt w r publi heel sub equent 
to Ball's study, Irving reviewed these r ports a well 
ns th old r r porLs nnd roclnsai:fi d th rocks d cribed 
in them according to the quantitative modal y tern 

u Cross, Whit man, T he laccolitic moun tain groups or Colorado, Utah, and !It 
zona: U. S. Geol. Sun·ey F ourteenth Ann. Rapt., p t. 2, pp. 21G-241, I 94. 

" Cross, Whi tman, U. S. Geol. Sur vey Oeol. Atlas, T ellu ride folio (No. 5i), P l 
1 99. 

" Patton, H. B ., Hoskin, A. J ., and But ler, G. M ., Geology and oredeposll!~ 
the Alma d istrict, Park Coun ty, Colo.: Colorado Geol. Survey Bull .3, 284 pp., 1111 

10 purr, J. E., and Garrcy, 0. H ., E conomic geology of t he Oeorgeto"-nquA<Inl
gle (together with t he E mpire dist rict), Colo., with general geology by S. B. Bli. 
U. S. Geol. Survey Prof. P aper 63, pp. 67-71, 100 . 

11 Ransome, F . L., Geology and ore deposits of the Breckenr idge dlstricl, C®. 
U. S. Geol. Sur vey Proi. Paper 75, pp. 43, 60-62, 1911. 

" Bastin , E . 8 ., and R ill, J. M ., Economic geology of Oil pin Countysndsd)3t!nl 
parts or Clear Creek and Boulder counties, Colo. : u.S. Oeol. Survey Prof. Pa!ll 
94, 379 pp.,l917. Crawford , R. D., Geology and petrography of theSugar Loold~ 
t rict, Boulder County: Colorado Univ . Stud ies, vol. 6, 'o. 2, p p. 97-131 , 1909: Iouo
sive rocks of the main t ungsten area or Boulder Coun ty: Colorado Oeol. urTI! 
First Rept., pp. 23-36, .J909. F leck, Herman, Welfare of Colorado's rarormetslfodu; 
t ry: Colorado School of M ines Bull., vol. 4, o. 4, pp. 234-24 2, 1!109. George, R.D. 
The main tungsten area or Boulder Coun ty, Colo .. with notes on the intrusive l«b 
by R. D . Crawford: Colorado Oeol. Survey First Uept., pp. 7- 103, 1909. Ir\'ing,J.D,' 
and Ban croft, Howland, Geology and ore deposi ts near Lake City, Colo.: u.:· 
Geol. Sun•ey Bull. 47 , 128 pp., 1911. P atton, H. B ., The M outezuma miningdil· 
trict of Summit County, Colo.: Colorado Oeol. Survey F irst Rept., PP· 10>-lll. 
1909. 
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sed by Iddings.23 Of 70 rocks consider d 32 
propo classified by Irving as b longing to the granodi-
were . d . . 

·t ur·oup 30 as monzomte an quartz monzomte, 6 or1 e t> ' 

8 
diorite, and 2 (from th G org town quadrangle) 
yenite. Some of the rocks w re o altered or o 

~ mpletely described that the value of this reclas ifi-wco . 
cat.ion is que tionable. orne of the rocks placed m 
the granodiorite group are very clo e to the quartz 

nzonite group and the results a a whole tend to con
::Ball's statement that the rocks are of p:ev_ailingly 

onzonitic character. More recent descnptwns by 
ia tin zj of intrusive rock in Gilpin County show t~ai 
the principal masses belong to the quartz monzomte 
group accompanied by mafic differentiates, and that 
dikes in the region include monzonite porphyry and 
latite diorite and andesite, granite porphyry, alkali 
syenite porphyry and bo tonite, and basalt porphyry. 

clined contacts through granite, edimentary rocks 
and intru ive porphyry and in places cut off ore bodie . 
Nanow offshoots extend from the pipe along faul 
or steeply inclined fissures, but off hoots along bedding 
planes are excep ional. The boundaries of the ag
glomerate are generally mooth or gently undulating, 
but some of the walls of narrow off hoots are angular. 
The known vertical extent of the pipes far exceed th ir 
horizontal diameter, as is well hown in the Olli e 
Reed or South Evans pipe, which has been consider
ably explored along its nor th-and southwest bord 1 

and has been crosscut at -a depth of 50 feet by th 
Yak tunnel, where it i bounded on both ides by 
granite. 

Outcrops of these pipes are very few, as they occupy 
low-lying areas deeply covered by glacial and other 
debris. 

FIG URE ll.-8ketcb or a portion or Miner Boy tunnel, looking east, showing bow a dike or rhyolitic agglomerate bas penetrated between the selvage su rfaces or the 
Colorado Prince fnult . The postngglomernte faulting is shown iu a ,·iew of the roof of the drift, as seen in the projection 

Th alter d condition of th Whi and ray p r
phyri of the Lead ill d ' trict a hown on pr ding 
pau , pre ents their xa t d ignation, but there i 
no qu tion that the ray porphyry includ om of 
the more common memb r~ of this s ri , and the 
White porphyry may b r gard d a one of the les 
common members. 

RHYOLITIC AGGLOMERATE 

STRUCTURE AND DISTRIBUTION 

Only one volcanic rock, a rhyolitic agglom rate 
occurs within the Lead ill di trict. Thi rock forms 
funnel- hap d necks or pipe of roughly elliptical 
cro ection which ·t nd upward' ith te ply in---

• Iddings, J.P., Igneous rocks, vol. 2~ pp. 21- 26, ew York, John Wiley & Sons, 
1913. 

"Bastin, E. 8., and OIU, J. M., Economic geology or Gilpin County and adjacent 
parts or Olear Oreek und Boulder counties, Colo.: U. S. Oeol. Surv ey Prof. Paper 
~.pp, 37-ii7, 1917. 

The agglomerates, though later than the major 
fault , are in a few places lightly fractured and faulted, 
owing to renewed movement along uch faults. 
Wh r e, for xample, the :Miner Boy tunnel, on the 
north lope of Breece Hill (fig. 11 ), cuts the olorado 
Prince fault, 170 feet from i portal, the fault fissure 
contain a dike of agglomerate that ha been thu 
fractured by movement along the old fault urface. 

Four agglom rate pipe have been di clo ed by 
min \ orkings. The e are the Ollie R e d pipe, in 

outh E an Gulch ; the Jo ie pipe, on the point of 
the divide between E ans and ou h Evan gulches; 
the t. Lou.i pipe, ju t we t of the Ollie Reed pipe· 
and the Eureka pipe, at the head of tray Hors 
Gui h, on the northwe t lope of Breece H.ill. A 
dik like mas of agglomerate ha been found in work
ings at the h ad of Califohiia Gulch. 

'I'he form and di tribution of the e pipes are hown 
in Plate 13 and 27. they are not expo eel at the 
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urfac p t h r e and ther e in a pro' pe pit 
hav be n let ermined o faT a 

ction from b lo' 

OLLIE REED PIPE 

The Olli R ed pipe, in ou h E van ul h , ha 
be n mor e fully expo ed b min workings than th 
other~ . It ha a rud ly elliptical plan, very irr aulnr 
in d tail , with long, dikolike branch ext nding along 
faul ts. It longer diameter tr nd approxima ly 
nor thea t , nearly parall~ to th olorado Prince fault. 
It ha a length of 2,000 fe t and a' idth of 00 to 900 
feet. The nor th wall of the rna ha been xt n-

ely explor ed by th workin!!S of the Olli e e d 

N. 

0 

s. 

F !GURE 12.-North-south section through outh Ernns (01He Reed) body or agglomerate, looking east. wg, " Weber grit "; gp, Gray porphyry, bl, Bill! 
limestone; pq, P arting quartzite; wl, White limestone; wp, White porphyry; cq, am brian <tuartzite; gr, granite 

mine, a hown on Plate 27 and in part in Fio-ure 12. 
In the e workings it po ition is hown both by the 
drifts of the first and econd level (altitude 10,725 
and 10,625 feet ) and by drill hole o. 4, which ha 
been put down from the econd le,el. This drill hole 
passed through the pipe for 17 fe t and then entered 
quartzite, howing that the conduit narrowed down
ward. The Ollie Reed No. 2 haft penetrated the 
mass for a depth of 350 feet, and a drift on the 10,65C
foot level followed the contact for 100 feet . A dike 
of this material is reported to have been found by 
the Winnie workings a few feet to the ea t of th vein. 

The pipe wa probably reached in orne of the more 
southerly drift from the Favorite haft, but those 
workingsha enotbeen exarnined. Itswe ternbound
ary is shown in the Big Four and Gold Ba in mines, 
but the pipe is so confu eel -..vith the irregular blocks 
into which th' Cambrian quartzite and porphyry intru-

grani te at this depth and ar ver tical, but they are 

nearer together than the corre ponding contac in the 
upp r working and therefor indicate the funnel 
shape of the vent. On the tunnel level thephow & 
seam of clay lvage lined with a. blacki h h~y 
material. 

The eastern boundary of the m s i hown in the 
workings of the Howard haft, where the ca t dnfl 
pa e abruptly from agglomerate into fault elr ve 
and thence into granite. Th contact dips ~oo ~: 
The po ition of the northea t corner of the pt~ ~ 
uncertain but i south of the workings of the tlen 
Friend mine. 

From the outhea t corner of the rna a long dike 
e.,'{tends along the fault . Thi i hown in th Nerads 
tunnel, 25 where a grayi h breccia occurs between the 

" Field notes or J. E. Spurr. 
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f ult walls, and in a shallow prospect pit on the 
1110tha ur of Ball Mountain that lies between u Weber 
nor sp 

.t " and the Gray porphyry along the Ball Moun-
~ sf ult The southern limit of this dike is not tam a . 
[;nown. . . 

It is probable that the Oll1e Reed p1pe represents a 

1 D
·
1
c vent located on a vertical line of weakness 

ro~ . 
at the intersection of the Ball Moun tam, Colorado 

imperfectly outlined by mine workings. It is, how
ever, well surrounded by mine workings and is thus 
restricted within fairly well defined limits. The Josie 
shaft was sunk to a depth of 500 feet. entirely in the 
agglomerate. Drifts ·from it have exposed the south
west and northeast borders and indicate a funnel shape 
(fig. 1 3). The Midnight workings followed an ore body 
dipping north, with the inclosing sedimentary rocks, 

FlGUltE 13.-Plau or tbe Josle pipe or rhyolitic agqlomerate. A.-B. Line or section in Figure 14 

~rince, and minor fault . Th eruption of the rhyo
lite was probably accompanied by additional faulting 
alon~ existing fault planes, which were lubricat d by 
prev10u ly developed selvag and comminut d rock. 

JOSIE PIPE 

The Josie pipe is exposed in the Jo ie haft and in 
~~~shallow prospect hol s 4 0 f et to the northwest. 

18 not known lsewh r at the urfnce nod i only 
99271-27t-6 

until it wa cut off by the ag{)'lomerate, which is re
port d to have consi t d at thi point chiefly of granite 
boulder . J othing i known of the Lida workings, on 
the outh. On the west the workings in the Luema 
mine do not reach the agglomerate mas , but the 400-
foot level of the ilver poon mine enters the agglom
erate 0 feet east of the shaft and continues east
ward in it for 170 feet. On the east the west work
mgs of the Famous mine (altitude 10,664 feet) are 

.. 
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reported to have en tered it for .a ~istan~e of f~e~. 
B etween thi point and the Mtdmght 1ts borde1 1 

unknown and is only roughly indicated on th.e map. 
Long we t and southeast drifts from the Jo te w~· 
entirely- within the agglomerat body- . On th nOI th 
side of Evans Gulch it limit is defined by outcrop 
of Evans Gulch porphyry. . 

As nearly as can be determined the plan of the ptp 
is roughly elliptical, wi th a longer diameter of 1 ,3 ~0 
feet and a shorter of 500 to 600 feet. The form lll 

vertical section is hown in Figure 14. A large block 
hale is included in the agglomerate on the northea t 

border. 

100 0 100 

ing to the mall numb r ~f d . p worki?~ that pene. 
trate it tmd th ir compnrat1 mace tbtlt ty its bound. 
ari are ry imperf ctly known. It area, howerer 
is fairly well d :fin d, a it i • po 1 in a number of 
small pro p ot shaft . Th r lation are fairly well 
shown on Plat 13. 

The main rna ha a roughly ere entic form with 
its · oncave sid to' ard th outhea t. Its longer 
diamet r is approximat ly 2,700 f et. It is from 600 
to 700 feet wid at i a t ncl , narrow to a thin 
dike toward th Park B nton mine, and end oui 
long, d:ikelike arm of unknown x t en t . toward the K. 
14 and Uranu hafts . The outh rn dik like exten. 

200 JOO ~00 fEET 

F IGURE 14.-Cross section ol the Josie pipe along line A-B, F igure 13 

The matrix of this agglomerate is prevailingly 
bluish gray and is considerably altered. When exposed 
to the air it quickly crumbles to powder. The constit
uents include abundant granite boulders, many pieces 
of sulphide ore, and fragments of all other rocks known 
in the Leadville district. The black "Weber shales" 
are the mo t abundant, as well as the mo t prominent. 
Minute fragments of sulphides as well as larger pieces 
of ore are disseminated sparsely through the mas . 
When the drifts were driven many assays were made 
of the agglomerate, and all showed small amounts of 
gold and silver in the included fragments of ore. 

EUREKA PIPE 

The Eureka pipe is on the northwest slope of 
Bree e Hill at the head of Stray Hor e Gulch. Ow-

ion along the Mike fault i inf rred, as a considerable 
body of agglomerate was found in this fault in the 
workings from the Mike winze. 

The agglomerate is exposed at the surface ( ee pl. 
13) in the Old Big Six, K. 14, White Cheek, ranus, 
Silver Cloud, Eureka, and Tiger shafts and i out by 
north (second level) and northwest (fourth level) 
drifts (now inacces ible) from the Penn No.2 shaft at 
depths of 155 and 709 feet below the urface. outh· 
we t drifts from theN ettie Morgan al o cut it at dept~ 
of 195 and 200 feet, where the ad jacent lim tone IS 

much shattered. The rhyolite there i much more 
compact, has a more marked flow structure, and is freer 
from inclusion than in roo t occurrence . The central 
part of the pipe i generally softer u.nd contains a 
greater number of fragment than the marginal part. 
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PETROGRAPHY 

The rhyolite matrix of the ~gglomerate is light gray 
t) Of medium to fine gram, and generally o muvh 

roos Y bl decomposed as to resembl a tuff and to crum e ra~-
idly on expos.ure . . I~ some pl~ches-foflr examplte, :n 
the Big Six rrune-1t 1s gla sy, w1t out ow true u1~e, 

d contains sufficient water to be cla sed as per 1te 
:pitchstone. It rarely pos esses a cellular or. vesic
ular texture. It cont~ins ~ere .and there not1ceable 

stn.ls of biotite, wh10h giVe 1t a pepper and salt 
crype!U·ance but is commonly lacking in dark minerals. 
ap ' · h f Scattered quartz phenocrysts about one-slXteent o 
an inch in diameter are pre en t . 

In some places along the borders of the pipes and 
in the smaller offshoots the rhyolite is free from inclu
sions and exhibits a di tinct flow truct~re: Exa~ples 
of this kind were een in the outh Wmme and ilver 
poon mines. uch marginal portion are usually 

narrow. Those se n are only 3 or 4 feet wide and pas 
vithin a foot into coarse agglomerate. 

The inclusions constitute as much as 60 per cent of 
the rock. Where the fragm ents are very abundant the 
matrix of rhyolite i carcely perceptible, and offshoots 
irom the pipes have nearly always been mistaken for 
fault breccias. Tho fragments are derived from all the 
rock formations known in the Leadvill e area. The 
range from mere p cks up to boulders 2 or 3 feet in 
diameter and average about 3 inch s. At one place 
a block 60 feet in diameter was found. ( ee fig. 14.) 
The fragments are in part angular and in part rounded 
and without definite arrangem n t. The angular form 
i confined usually to the mailer pieces, except those of 
the black "Weber shale " which had a marked cleav
age. The larger fragments ha e u ually been rounded 
off bJ attrition during eruption until they b ar a rough 
re·emblance to tream boulder . 

orne of the narrower off boo that are fre from 
fragments are di int grttted into kidney- haped boul
ders which o clo I r emblo erpentine that th y 
were at first mi taken for serp ntinous alteration prod
ucts of the lim stone, but their flow tructure and 
minute ph nocry ts serve to identify th m. uch 
ICCun· nc w r found in the workings of he Penn 

ruine, Big ix mine, and Pal'k and Park B nton 

group of min s. Plate 37, 1
, show the included 

fragment in thi agglomerate and Plate 37, A, how 
fluidal texture in the Gray rhyolite. 

In most places the fragment that ar roo t abun
dant represent either the adjacent wall rock of the 
pipe or some underlying formation; but in some 
places fragmen ts resembling " Weber shale " occm 
far below the horizons of the " W eber shale " adja
cent to the pipes, and their abnormal position ha 
evidently re ulted from the settling of the agglomerate 
after eruption. These fragments, however, may have 
been derived, in part at least froJX!. black beds in the 
"transition shales" at the top of the Cambrian 
quartzite. 

Thin sections of the unalt red rock commonly show 
many angular fragments of minerals and glas in a 
matrix which in some places is a glass with microlites 
of feldspar and in others is a very fine grained tuff 
(fig. 2 ). The mineral fragments are principally 
quartz microcline, orthoclase, plagioclase, biotite and 
magnetite. Scattered crystals of quite unaltered 
bioti te, orthoclase, and albite appear to be pheno-
cry of the rhyolite and not inclo ed fragments 
B ides these there are more or l s decompo ed 
cry tals of mu covite, evidently derived from th e 
Weber ( ~) formation, and a very large number of 
angular grains of caFbonate derived from limestone 
or dolomite. Most of the e fragments are compar
atively fre h. Where the feld pars ar e altered th ey 
are kaolinized and not sericitized. In striking con
trast are sericitized fragm ents of White and Gray 
porphyry et in an unsericitized matrix. 

Where w ather d the glass is devitri:fied and passes 
into a whiti h kaolinlike material. Devitrifi.cation ha 
proceeded inward from numerou crack , and the partly 
, eathered rock consists of kernels of undecomposed 
material urrounded by kaolinized rock. 

AGE 

The fragment of ore and mineralized rock i~ the 
agglomerate prove it to be younger than the perwd of 
ore deposition, which took place at the end ?f Cre
taceous tim . It is overlain by glacial matenal, and 
it aae i therefore Tertiary or perhaps very early 
Pleistocen . 



CHAPTER 5. 

The principal structural features of the region that I 
have not already been adequately considered in the 
chapters on sedimentary rocks and intrusive porphyries 
are folding and faulting. Folding i not pronounced 
within the Leadville district but is conspicuous in 
parts of the surrounding region and must be under
stood before the geologic structure of the district can 
be adequately appreciated. The faults of the district 
were for a long time believed to have been formed in 
a single period of di turbance aud to be contempo
raneous with the regional folding; but mining opera
tions, especially since Emmon and Irving completed 
their field ~tudies, have di clo ed evidence pointing to 
at least three period of faulting besides one or more 
periods of minor fi suring. 

The earliest faults are reverse faults, which were 
formed at the same time as the folds and broke their 
western or southwestern limbs. Subsequently a y tern 
of fissures along which faulting is incon picuous was 
formed transverse to the axe of the fold , also a tern 
of more pronounced faults , everal of which are radially 
arranged around the intrusive tock at Breece Hill. 
All the faults and f1Ssure thus far mentioned are of 
premineral age. Sub equent to mineralization normal 
faulting on a much larger scale took place. The major 
faults shown in the atlas accompanying Monograph 12 
are mostly normal and of po tmineral age, but a few, 
originally mapped as normal, have since been found to 
be reverse and contemporaneous with folding. 

The relation of intrusive porphyry sheets to folding 
and faulting within the Leadville district is simple, as 
all the sheets were intruded before any appreciable 
amount of folding or faulting took plac , but in parts of 
the surrounding region, notably the Monarch and 
Tomi hi di tricts, 45 mil outh of Leadville, batho
lithic intrusions of similar rocks occurred later. 1 The 
relations of these intrusions to foldiug and faulting are 
suggested in connection with the origin offolding (p. 96). 

FOLDING 

The maps and cro s sections on Plates 11 and 13 
show at a glance that all the sedimentary formations 
except glacial depo its and all the intrusive sheets of 
porphyry are equally affected by folding. The dis
tribution and trends of folds are shown on Plate 11. 
The average trend of the major folds is about r. 30° 
W. , though some trend nor th. These folds are mostly 

1 Crawford, R. D ., Geology And ore deposits of the Monarch·Tomichi districts 
Colo.: Colorado Oeol. Survey Bull . 4, p. 99, I9Ia. ' 
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unsymmetrical. th anti lin ha ing teep or e'l' 
slightly overturned ' t limb , which are broken ~n 
steeply dippi~g rev rse fault ~f premineral ag: 
Local mon~clinal folds also a som~ted .with faulting 
are present 111 or clo e by the Leadv1lle diStrict butarp 
believed to hav form d lat r, at he time of post. 
mineral faulting. Other local monoclines are due to 
pronounced bulging or thinning of intrusive sheets. 
Several minor fold parall 1 to the major folds ano 
other minor fold tran 1 e to th e may be noted in 
the sections on Plat 11 , but no de cription or enu. 
meration of th m i e entia] here. Th Weston 
and heep Ridge or London anticlin are the largesl 
major folds and w.ill be de cribed first. 

WEST ON ANTICLINE 

The south end of the Mo quito R ange is describeo 
by Emmons as a simple monoclinal fold, but at the 
outh edge of the area shown on Plate 11 an anticline 

of north-northwestwa.rd tr end i pr ent, and it can be 
traced northward a far a Iowa Gulch. It i clo ely 
a sociated with the W ton fault and i therefol'! 
called the W ton anticlin . The east limb of thE 
anticline dip at a moderat angle, but its w t limb, 
where not ob cured by ero ion, dip steeply or verti· 
cally along the ea t sid of th Weston fault. F« 
the most part, however, the trata have been eroded 

1 
from the cr t and w t limb of the anticline. Ar_em· 
nant of Cambrian quartzite remains at ·he umnuto! 
Weston Peak, and verti al beds of quartzite are ex· 
po ed to the we t of i . To the south of Weston 
Peak the southea tward pitch of the anticline brings 
the Cambrian quartzite of the two limb togetheral 
the edge of the mapped area. 

About 13 miles to the north the axis of the anti· 
cline is shown at the summit of Long & DeiTy Hill. 
and there again the west limb of Cambrian quartzit~ 
ends abruptly against th Weston fault. t thenorl~ 
base of Long & Derry Hill the anticlinal structurell 
cut off by the Iowa Gulch fault, which marks the 
south end of a down-faulted block where the exposed 
strata dip eastward and southeastward. The mall 
domelike anticline in Evan Gulch is almo tin liD! 
with the axis of the We ton anticline and is bounded 
on the westby the Weston fault, butitismoreclosely 
associated with the Colorado Prince faul t and i be
lieved to be independent of the Weston anticline. 
which evidently dies out a short. distance north ~ 
Iowa Gulch. The east limb of the syncline to the 
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tof the Weston anticline has been cut off by' the 
;ton fault, and only eastward-dipping beds are 
:nown on the m.ap, although Emmons 2 refers to a 
~ropressed synchne at Weston Pass. 

SHEEP RmGE OR LONDON ANTICLINE 

The other major anticline within the area shown by 
Platell extends from a point near its southeast corner 
north-northwestward along Round Hill, Sheep Ridge, 
cramento Arch, and Penn ylvania Hill, beyond 

ihich all strata above the pre-Cambrian complex have 
been removed by ero ion. Emmons refers to this as 
we heap Ridge anticline, but owing to its close 
l)lociation with the London fault it may be conve
niently referred to as the London anticline. This 
anticline also pitche south-southeastward and dies 
out beyond Round Hill, where both limbs consist of 
ilie Weber (¥) formation and no faulting is evident. 
Toward the north along ~heep Ridge and the long 
south slope of .... heep Mountain the west limb has 
been concealed or destroyed by the London fault. 
From heep Mountain to Pennsylvania Hill, however, 
the upper part of the we t limb is present with steep 
to vertical dips. Although the axis of he an icline 
ran not be traced any farther, the steeply dipping to 
:lightly o1erturned beds along the outhwest sid of 
1he London fault · indicate the continuation of tho 
mucture almo t to the Mo quito fault. There i 
little evidence in Plate 11 of a continuation of this 
anticline beyond the Mo quito fault. orne anticlinal 
folds are indicated, but they are hardly pronounced 
enough to be correlated with the London anticline. 

MIKE ANTICLINE 

The Mike an iclin who w limb i u h:r tb 
~like fault, is p(u·all 1 t th W ton an Li line and 
more than a mil we. t of it. Thi an icline, which 
pitch north' ard at a l w uogl , is be t defined on 
the pur south of Empir ulch and can al o be 
recognized on the north lope of Iowa ulch. lt i 
also indicated in th icinit of alifornia Gulch (Pl. 
15, action F-F' and - '),but farth r north it i 
l~t in the fault d rna of Gray porphyr beneath 
Breece Hill. On the south th anticlin«:~ is cut off by 
the Union fault, b yond which the strata along the 
8.xi of the fold ar entir ly erod d. W t of the junc
tion of the Mike and Union faults ther is a mall 
basinlike yncline. Its east limb i sto p r than its 
west limb but is till at o low an angle (15°-25° W.) 
as to uggest that the in ten i ty of the folding decrea e 
southward. 

COLORADO PRINCE ANTICLINE 

The anticline that lies along the Colorado Prince 
fault forms a dom like uplift at the junction of Evans 
and outh Evans gulche and extends southeastward 

to the north slope of Ball Mountain. It northwest
ward continuation beyond the Weston fault is con
cealed by the extensive sheet of Gray porphyry and 
the overlying glacial deposit . The domelike appear
ance on Plate 13 is exagg rated, as the concentric ar
rangement of outcrop of White porphyry and Cam
brian quartzite around the southeast boundary of 
the granite is due partly to the southeastward rise 
of the bedrock surface. The anticlinal structure outh
eastward from the Gold Basin haft is much ob cured 
by the Ollie Reed rna of agglomerate and by di lo
cation along the Winnie-Luema and Ball Mountain 

1 faults. Ea t of the Ball Mountain fault the po ition 
of the anticlinal axis is shown by the pre-Cambrian 
granite in mall prosp ct pit , and the ea t limb is 
well defined.· 

The steeply dipping outhwest limb of the anticline, 
broken by the Colorado Prince fault, is well defined 
and of uniform character from the Weston fault south
eastward to the Modoc fault and borders a syncline 
that has a nearly horizontal we t limb which i clearly 
indicated in the mine working beneath Idaho Park. 

outh of the Modoc fault the Blue lim tone and 
lower rocks have dropped below the surface, and the 
uniform character of the "Weber grit " and the shal
lowness and scarcity of mine workings afford no 
opportunity to determine the details of tructure. 

remnant of the we t limb apparently lies on the 
west side of the granite close to the Ball Mountain 
fault, but the anticlinal form ha been destroyed by 
the local complex of fault , which is considered on 
page 76. The · anticline evidently die out along 
the south slope of Ball Moun tain opposite the north 
end of the Weston anticline. 

MO QUITO GULCH FOLD-FAULT 

Perhap the mo t clearly d fined expo ure of an 
ov rturned anticline broken by a reverse fault is that 
d cribed by Patton3 as the Mosquito Gulch fold
fault, about 2 miles east of the London fault. Its 
trend i nearly north, and therefore it tends to con
v rge toward the outh with the London anticline and 
fault· but it ha not been traced in that direction be
yond the north wall of acramento Gulch. It has 
been traced northward only to the southwest slope of 
Buckskin Gulch, beyond which only pre-Cambrian 
rocks are exposed along the continuation of the anti
clinal axi . 

Emmons 4 noted the xpo ure of this fault on the 
north side of Mo quito Gulch but did not recognize 
its re er e or overthrust character. According to 
Patton's description, the structure exposed on the 
north side of Mosquito Gulch is a recumbent fold 
with a nearly horizontal tu::ial plane and with its lower 
limb parallel to the fault. On the south side of the 

I Patton, H. B., Colorado Oeol. Survey Bull. 3, pp. 121-127, !912. 
• U. S. Oeol. Sur vey Mon. 12, p. 131, I 6. 
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gulch it is a double recumbent fold each part of it 
broken by an overthrust, a hown diagrammatically 
in Figure 15. These o rthrust converge downward 

t . 

~mff~ .. "!A/!,...,..,"" 

~~~~r@~ilch fi Ve d with tolus 

w. 

F lOUR.& 15.-Double recumbent fold, brokeu by overthrusts, ou south side of 
Mosquito Oulcb. bl, Blue limestone; pq, Parting quartzite; wl, White limestone. 
(After Pattou) 

and are interpreted a forks of the main fault. The 
dip of the fault i estimated by Patton to be 23° E . or 
som ewhat steeper. The fault has not. been traced 
northward aero s Loveland Mountain, bu t a rever e 
fault in line with it i exposed on the north lope. 
Two nearly parallel fold-faul t are e:x.rpo ed nearly a · 
mile to the east, just southwest of Buckskin Jo . 
They are similar to the double fold-fault ju t de
scribed but can not be proved to connect with it. 

KOKOMO SYNCLINE 

The largest fold in the r egion represented by Plate 
11 is a northward-pitching syncline that extend from 
a poin t between Fremont Pass and Bartlett Mountain 
northward beyond the north boundary of the Tenmile 
quadrangle and includes on its east limb a few ub
ordinate anticlines and synclines. I ts ·w t limb has a 
normal dip of 25°-40° E., but its east limb dips 70°-90° 
W . and is broken for its en tire length by the Mo quito 
fault, which h as a very irregular outcrop in the vicinity 
of Copper Mountain. Emmons 5 inferred that this 
irregularity was due to overthrust faulting bu t noted 
that the fault south of the point where it crosses 
Tenmile Creek is normal, in spite of its irregularity 
across Mayflower Hill. H ere , however, the steep and 
locally overturned dips of the strata and their generally 
crumpled character indicate a considerable compres
sive strain. Emmons also concluded that this com
pressive movement, with it accompanying folding 
and faulting, may have antedated ore depo ition. 
Recent disclosures within the Leadville district suggest 
that possibly the Mosquito fault fissure as shown on 
the map is the site of one or more reverse fault move
ments that originated at the time of folding and before 
ore deposition, and one or more normal fault move
ments that occurred after ore deposition. Further 
field study is necessary to settle this question , but 
provisional correlation on the basis of Emmons's 
observation may associate the reverse parts of the 
Mosquito fault with the Kokomo syncline on the west 
and a corresponding anticline on the east, now entirely 
eroded except for remnants of Cambrian quartzite on 
Little Bartlett Mountain and on Quandary Peak, 

•u. S. Oeol. Survey Ocol. Atlas, Tenmile district folio (No. 48), p. 3, 1898. 

which i ea t of Fl tch r Moun tain and 2 mile 
the limit of the mapp d area. 

FRYER HILL FOLDS 

The shallow anticline and ynclin 
mine workings beneath Fry r and E t Fryer hilh 
differ from the fold previou ly d crib d in that the~ 
~~es trend east of north and they ar a ociated wi th 
irr gular intru iv h eets and not\ ith r eve1 e fault . 
They aJ·e in lin with th arbonate and Nil normal 
faults , which die out a hort di tance to the outh, and 
are beli ved to be in min r part r lated to them -that 
is, the force that produced the complex faul ti ngto 
the outh were suffici nt at Fryer Hill to wa.rp but 
not to break th tr ata x pt along major norm~ 
fau lts, th e P endery and Mikado faults. The foldina 
i pronounc d, ho\ ver, only in that part of the B!u: 
limestone that lie betw n p rphyr hect.s . Tht>Se 
sheets thin abrup ly northward, a nd the folding of 
the lim tone parall ls their changing thi knes . The 
folds are due mainly to th in tru ion and are not to 
be cia sified with tho other fol ds h r de cribed. 

WARPING AND DRAG ALONG NORMAL FAULTS 

The cro tioo on Plat 14- 17 how consider-
able warping or dragging of trata along the major 
normal po tmineral faul . Th pre ailing ea tward 
dip of th strata ha be n lo ally changed to a w t· 

waJ·d dip to uch ad aree that d ' inct anticlin han 
been produced along the a t rn or footwall id of 
the faults and synclin on the we tern or hanging· 
wall id . ome int rfaul t blocks contain both an 
anticline and a ncline . In orne place minor fold; 
or warps due to in tru ive h t or to the forces that 
produced regional f !ding hav h n modified by local 
warping along po mineral faults, and it i dillicull or 
rmpo ible to interpret their origin with cer tainty. 

FA LTS AND FISSURES 

PERIODS OF FAULTING 

Faults, as well as large fissure without note" orlhy 
displacement of their walls, were formed at three or 
more different period in the Leadville r egion all uti
sequent to the local disturbance cau ed by the intn;· 
sion of the Gray porphyry sills. Movem en along tht 
same fault may have taken place during more than 
one period, and orne faults or fis ures form d at M 
ferent times may have similar strik an l dip . !t il 
not po sible, therefore, to as ign every fault or fi til! 

definitely to a c rtain period, although many of th~~ 
can be so assigned, and certain faults that were orlgl' 
nally mapped as continuous are evidently in part re
verse faults of relatively early origin and in part nor· 
mal faults of later origin. Complete re urv y of the\! 
faults would extend far beyond the limits of the Lead· 
ville district and ha not been attempted. The faul~ 
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onginally mapped with few exceptions, are repre-
as o· h' f nted on Plate 11. wmg to t e Importance o the 
~:estion whether cer tain fa~l~s were fo_rmed befot:e or 
fter the period of ore depositiOn, the different perwds 

af faulting must be kept in mind in interpreting the 
~ignificance of faults and fissures during mine develop
ment. Faults classified according to relative age are 
shown in Plate 39. 

Fi uring and minor fau lting may have taken place 
in Paleozoic time during the periods of elevation and 
subsidence noted in chapter 3 ( pp. 26-42), but none of 
any great extent can be correlated with these periods. 
The general ab ence of White porphyry dikes in the 
edimentary rocks a,nd their scattered di tributio,n in 

the pre-Cambrian rocks indicate that up to the begin
ning of igneous activity in late Cretaceous or early Ter
tiary time fi 1,1ring was of little consequ.ence. The fi.s
sur containing the e dike trend for the most part 
n01·thea tward (pl. 11), approximately at right ano-les 
to the folds just d scribed, which were formed later. 
The White porphyry dike on the south slope of Mount 
Lincoln fills a minor fault fi sur . Th greater abun
dance and continui y of the dike of Gray p01:phyry 
show that some profound fissurino- had taken place 
before their intrusion, but the pr dominance of ills 
over dikes and th fact that several f the dike dis
covered by mining operation proved to be off hoots 
from ill how that up to the tim of intru ion fi ur
ing wn a ubordinate proce s. The fi ure and faults 
that call for more detailed consid ration may be 
grouped as follows: 

1. Fis ures and local faults cau ed by the intru ion 
of Gray porphyry sill . 

2. Rever e faults and auxiliary faults and :fi sures 
accompan ing r gional folding. Th in lude a few 
of the main faul of th r eo-ion, whi h arc in part 
revm e and' in part normal. The normal mov ments 
were later than th r I mo em nts, and th nor
mal portion ar equi val nt to on of the later group . 

3. Normal faults and fis ur form d ub qu nt to 
folding but prior to or depo ition . 

4. ormal fault formed ub equent to ore depo i
tion, including mo t of th major faul of the region. 

A fifth group, including mall faults parallel to the 
bedding of the trata, may be added, but th ir time 
relations to the other faults differs in different place , 
and they are be t on ider d in conne tion with the 
four main group . 

MINOR FISSURES AND FAULTS CAUSED BY INTRUSION OF 
GRAY PORPHYRY 

The irregularity of the Gray porphyry ill and the 
local deformation that a ompani d th ir intrusion 
hns been con idered on pao-e 53. No attempt has been 
made by Emmon or Irvino- to indicate or des ribe 

b 

t~pe fis ures of this group. It i evident from t.he 
kind of deformation that occurred that in ome 

places the rock adjoining t-he ill ere tretch d or 
domed, wi h the development of fractures n.ormal to 
the direction of tretching; and that in other place 
t.hey were thru t forward or a ide, with the develop
ment of fracture and small faul oblique to the bed
ding and along the bedding. Local shattering a well 
as simple fi uring mu t have tak n pla c. hattered 
zones and fi ur aero s the bedding are likely to ter
minate again t shale b d and to extend for compara
tively hort di tanc s horizontally. Their importan e 
as local channel for ore-forming solu tions i obviou , 
and it is unfortunate that more attention wa not 
given to them wh o the tructme of the ore bodie 
wa being studied in d tail. From a review of the 
available maps and ection however, it appea1·s hat 
thi group of fi ures may account for ertain irregu
laritie in ore bodie and offshoot from th m rttther 
than for the po i tion and trend of the main ore bodie . 

The roughly radial arrang m nt of v in (minPral
ized faul and fi urcs ) and longate replacem nt ore 
bodies with re pe t to the tocklike intru ion ben a'th 
Breece Hill suggc ts that they were fm;med by ten-
ional trc ' du to th in tru ~ ion; but Gra ~ porphyry 
ill are off et by the mineraliz d faults , and a f w of 

the mineralized k ur along w·hi h th re i. littl or 
no di placement ar later than the re\cr' e faults that 
were formed ub equent to th int.ru ion of th ill . 
There wa doubt] a tendency toward radial fi uring 
at the timA of th iotru ion that formed the :;ill · but 
the larger mineralized fi ure wer d veloped lat r 
than the ills and may be a ociated with a later tock
like intru ion, the exi' tence of whi h ha been ug
ge ted on pag 54. 

MAJOR FAULTS AND FISSURES 

FEAT RE O~MO. TO ALL 

The distribution and trend of the major faul of 
the region are hown in Plates 11 and 39. From in
formation at hand th y appear to be limited to the 
area r present d b Plate 11, which i traversed by 
the f w long t fault whereas the west-central part 
of thi area, ·which includes the Leadville di trict, i 
cut by a number of mailer but important faults. 
The faults repr ented, however, are -only those made 
evident by discontinuity of rocks at the urface or re
vealed b extensiv mining developments . Were the 
re t of the region to be tudied a· thoroughly above 
and under ground a the Leadville di trict ha been, 
more faul would uudoubtedly be found . Plate 39 
hows in what a mall part of th ar a fault can be 

readily detected and in what a larg part they are 
conceal d beneath glacial depo its. 

The faults belong to three cla e -earlier reverse 
faults of regional and local extent trending N. 20°-55° 
W.; normal mineralized fault of intermediate age, 
principally confined to the ea tern pa1·t of the Lead-
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ville district and trending in various directions; and 
later normal faults of regional and local extent with 
prevailing tr ends of . 10°-30° E. The average trend 
of the longer reverse faults is N. 25° W., and that of 
the longer normal faults is N. 11° E., but the normal 
faults undula te considerably and trend north-north
west for short distances, and some of their branche 
and auxiliary faults trend northeast. orne of the 
apparent irregularities of trend are due to the inter
section of a fault of moderate dip with the undulating 
ground surface; but many of the faults have irregular 
strikes and dips. These irregularities are illustrated 
so far as practicable in the geologic sections, but where 
the scale is too small or the details are not sufficiently 
known the dips of the faults are diagrammatically 
represented by straight lines. 

The larger faults in all three classes have certain 
features in common. They are fault zones rather 
than simP.le faults and are characterized by parallel 
fissures filled with tough clay gouge or selvage and by 
intervening or bordering mas es of di torted, broken, 

FIGURE 16.-Sect!on looking southeast through Coronado-Sixth Street workings 
showing auxlllary wedge faulting ' 

or crushed rock. The crushed zones reach 100 feet in 
thickness. 

Besides containing several fissures along which 
slipping has been distributed, the main fault zones of 
all three classes have branches or closely related aux
iliary faults and fissures formed during and as a result 
of movement along the main zones. These auxiliary 
faults and fissures lie at different angles to the main 
faults, but those connected with any one main fault 
commonlyshowsystematicrelations to it and are closely 
related to the distor.t~on of interfault blocks. Displace
ment along the auxiliary faults is commonly small and 
few of them have been discovered on the surface. Many 
of them, especially in the eastern part of the district 
die out upwar~ at the base of the "Weber sh~les,': 
and those wh1eh penetrated upward into the Wh't 

h . h 1 e 
porp yry m t e western part of the district can not be 
traced. on the surface. They also may die out down
ward m the shaly beds ne~ the Parting quartzite or 
at the top of the Cambnan quartzite or may dip 

downward to connect with a major fault or another 
auxiliary fault. Where two auxiliary faults meet on 
the dip they usually bound a down-faulted wedge 
tfig. 16), but the more prominent auxiliary faults in 
any group dip parallel and bound steplike displace
ments transv rse to the main fault zone. 

Distor tion i al o expr ed by drag along fault 
walls , a sho' n in sev ral of the geologic sections. 
Where drag has been considerable along the major 
normal fault , the strata of the adjacent fault blocks 
have been distorted into syn linal and anticlinal form, 
as stated on page 62 . Where exploration has been 
thorough the dragged part of blocks are commonly 
found to be complicated by auxiliary faulting. 

orne faults in each cla die out along the strike, 
either in folds or by feathering out into a number of 
branch along '' hich th diminishing d i placement 
is distributed. Where faul of different cla es inter
sect, the older one are off et, as has been proved at 
one place and is trongly sugge ted at others; or dis
placement along the later fault may continue along 
the earlier fault, and the later fault therefore appears 
to terminate against the earlier. Intersections out ide 
of the Leadville district, however, are in part conjec· 
tural, and they have received no attention since they 
were mapped by Emmon during the first survey of 
the district. Where junctions of faults have been 
approached in mine workings the rock i extremely 
shattered. Renewal of movement along faults hould 
be constantly considered in the interpretation of the 
geologic structure. Later movement along a re>el'5e 
fault, for example, may have been opposite to the ear· 
lier movement, as is evident along the northern part 
of the Mike fault or it may have been in the ame 
direction, as is p;obable along the souther~ p~rt of 
the same fault. Comparatively recent fault~ng _m the 
same direction as the prin ipal movement'is mdJCat.ed 
at several places in the Downtown district. 

Besides drag and auxiliary faults that cut across t~ 
strata, the fault blocks are further distorted by sro 
faults or slips along bedding planes. Some, at len.st, 
of ~~ese bedding faults have been found to offi:: 
auxiliary faults of steep dip and are therefore attr 
uted to adjustments within the blocks after the 
main faults and their principal auxiliaries have been 
· · · b due to tmt1ated. This adJ-ustment is believed to e d 

·k an curvature of the major faults along the stn e . 
especially along the dip and is illustrated _in Figure(~': 
Were the fault block to move without distortiOn rt 
17, A) there would be a large open. space in the fa.u. , 
fissure, which is not found in nature. This spa~e ~ 
taken up by slipping distributed along all the eO) 
(fig. 17, B), which may be modified by drag (fig. l?, b· 
?r by slipping along only one or two beds and 1c;u~). 
mg and dragging along the main fault (fig. btlef 
The last case is the most conspicuous and dou u· 
the most common, as movement tended to conce 
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l SO VI GT RI C P HOJ ECT ION O F DOWNT OWN DISTIII CT , LEADVI LLE 
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ull upper rocks f(' ruovctl !-10 U'-~ to ~; how t ile eff ec ts of t ho fuull.:\ where uuutrcctcd by crosiou 
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t lona haly layer and contacts between lime-
trn e a b b di 

nd altered porphyry sheets. Where ed ng ·tone a . if · 
1 1 are clo ely spaced and m un orm materia s 

rh:n:lipping movement may be so evenl.y distributed 
t to be recognizable. These beddmg faults, as 

as no 'd bl would be exp cted, are found even at cons1 era e 
d' tnnces from the main faults . 1

~edding faults are conspicuous along t~e cont~ct 
b tween the Blue lime tone and the overlymg White 8 

pJ1yry the ba al part of which is thinly sheeted 
por ' f f 1 . . rallel to the contact; but the amount o au tmg lS 

~~e
1

1y to be overestim~ted ~wing to t~e ab~ndance of 
Ia tic claylike matenal w1th. chert mcluswns along 
~e contact. This material has been interpreted by 
ome a a thick elvage into which fragments of black 
chert have been dragged from the uppermost beds of 
the lime tone; but it i more likely that the clayey 
material ha been depo ited by descending waters 
mainly a a replacement of_ the lime t?ne ( ee p. 261 ), 
and that the chert inclo ed m th clay 1 the only mate-

l~: ~~y;;y 
' 
\ 

• 

Open 
.$pBC8 

The early hi tory of L eadville is full of instances 
in which the unwise penetration of fault zones has 
caused expensive and danaerous acciden . The Co
lumbia No.2 shaft, sunk 200feetwest of the Iron fault, 
penetrated the Iron fault zone at a depth of a littl e 
more than 600 feet. An inrush of water occurred at 
once and was so rapid that although the men jumped 
immediately into the bucket, by the time they had 
given the signal to hoist the water was up to their 
necks. The water ro e 72 feet in the haft in the 
first hour after the fault was penetrated and to a 
height of 125 feet in the econd hour. Thi danger 
is now less common, becau e many of the larger faults 
have been penetrated and drained and hence are 
prevailingly dry. In deeper workings, however, min
ers have learned to avoid approaching faults any more 
closely than is nece sary, both because of the water 
and the difficul y of maintaining openings in 11heavy" 
ground. 

A B C D 

FtO URE 17.-D iogroms UlustroUns bedding faults iodoa<'d b:; mo"einent nlong n cross fault with cor~iog dip 

rial that cnped r plac m nt. Th chert fragment 1 

are a foot or more in maximum diam tor and have 
been found a mu h a 10 fe t abo the unreplac d 
lim tone. om lippina nlona the conta t has un
doubtedly tak n plac but wa quit ubordina e to 
replacement a th cau of the cla with inclo d 
chert fragmen . . 

Owing to their continuous clay elvag and th u· 
contained brok n rock the larger fault zones have 
been local r ervoirs of ground wnt r and have act d 
as barriers betwe n r ervoirs of water in adjacent 
fault block . This has be n an important factor in 
the oxidation of or bodies and particularly in mining 
operation ; for although faul may be approached 
rather clo ly without not worthy change in the quan
tity of ground water, if the fault zon i entered wat r 
rushes into the workings, carrying mud and crushed 
rock and often eriou ly ndangering live . If the 
entire width of the fault zone i pen trated not only 
the water within the zone but the re ervoir on the 
oppo ite fault block must be drained, involving an 
expense that may be piiOhibiti ve. 

REVER E FAULT 

PREVIOUS DESCRIPTIONS 

Emmons fail d to recognize any reverse faults dur
ing the fu t urve of the region partly becau e of the 
reconnais anoe nature of his' ·ork outside of the Lead-

ille district and partly becau e convincing evidence 
had not been expo ed in mine workings. He repre
sented the Mike fault south of its junction with the 
Pilot fault to be in reverse position but made no men
tion of this fact in his description of the fault . In 
189 , as already shown on page 62, he recognized ~e 
northern part of the Mo quito fault in the Tenmile 
quadrangle as an overthru t. 

In 1913 Moore 6 described the London fault at the 
London mine as a reverse fault, and about the same 
time Patton 7 gave a more complete description of it 
and presented cro s sections prepared by M?ore .. I~v
ina durina the second survey of the Leadville d1str10t 

0 b d p. pro d the reverse character of the Colora o rmce 

s Moore, . J ., Loodoo mine, Mosquito mining district, Colo.: Am. lost. Min . 
Eog. Trans., vol. 45, pp. 244-246, 1913. 

> Op. ci t., pp. 102- 121. " 
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fault, and Emmons and he recognized that theW ton 
fault in places was reverse. They al o noted a rever e 
fault in the Yak tunnel a short distance ea t of the 
Iron fault. A reverse fault in the Maid mine was 
described by Spurr in a private report and wa e i
dently noted by others. In 190 a reverse fault in 
the Tucson mine was discovered and describ d by 
G. 0. Argall 8 after Emmon and Irving had completed 
their field work. Becau e of its ignifi ance, thi fault 
will be described first. 

TUCSON·MAID FAULT 

IRON HILL 

Tucson mine.-During the next three year after 
the discovery of a reverse fault in the Tuc on mine 
m 1910 it was opened from the fourth to the tenth 
levels of t.he mine and became known as the Tuc ou 
fault. Development work under the direc tion of 
Philip and Geor o-e Argall proved it to have an i.mpor
tant-in:fluence on the local di tribution of or bodie . 
Its po ition was mapped in great detail by F. . ich r, 
of th e Iron iiver Mining Co. Figures 1 - 20 pre ent 
all pertinent data found up to 1919, when the mine 
wa closed. By that time the fault had b en expo d 
a far as the northw st and southea-st limit of the 
company'· ground, and i olated expo ure indi atod 
its continuation southeastward into the Cord workings 
just south of the Yak tunnel. On the north we tit i 
di placed by the Iro.n fault, and its continuation i~ 
expos d in the Greenback, Maha.la, Wolf tone, and 
Maid mine~ . 

The po ition of the Tuc on-Maid fault on the bed
.rock surface has never been directly observed and i 
very uncertain. A shown in Figure 1 , its upper 
pnrt in th Iron Hill aron is nonrly pu,ruJlol Lo Lh e Jip 
of the Blue lime tone. It may ther efore reach the 
bedrock surface within the area of the Blu e lim tone, 
or within the lower part of the White porphyry but 
its po ition may be roughly inferred from its under
ground exposures. The unusual curve in the contact 
between White porphyry and Weber shales as mapped 
by Irving on the southwest slope of Iron Hill may be 
due to this. fault. 

In the Tucson mine the fault is undulating and splits 
locally into two or more parts, which inclose lenticu
lar rock mas es as much as 400 feet in length. Its 
strike ranges from N. 20° W. to . 45° W., and its dip 
from 35° to 60° NE. It steepens downward and 
approaches the dip of the strata upward . At the sec
ond level it is about parallel to the strata but its posi
tion is indicated by the disturbed condition of the Blue 
lime tone. Careful search by Mr. Aicher at higher 
levels failed to disclose the fault, and he concluded 
that it mu t continue parallel to the dip of the Blue 
limestone, as shown in figure 1 . If the fault is pro-

•A rgall, 0 . 0 ., Eng. and Min. Jour., vol. 9, p. 265, 1910. 

jected from thi po ition o th out rop of the Blue 
lim stone on the outhwe t lop of Iron Hili it appar. 
ently coin id s with the upward projection of "fault 
G," which i shown ea t of th Iron fault in the ec. 
tions along the Yak tunu 1 on Plate 15 and 26. Work. 
inb that might ha hown th r lation between 
fault and the Tuc on fault are inacce ible. 

Below the econd level and outh a t of the Tuc on 
haft (fig. 1 ) the fault plits into thr bran he , and 

the total dip lip i about 150 f et. Th pre en 6 o! 
White lime tone b twe n Parting quartzite and Gray 
porphyry on th hanging wall and its ab. ence withi~ 
the fault zone an l along the foot> all indicate that 
horizontal movem nt or trike lip along ih faull was 
al o consid rable. Bet' eu th third and fifth l >eb 
the fault i within a thick irr gular ill of ray por. 
phyry and i l conspicuou . Below the fifth level, 
however, it is clear} marked by the discordance 
botwe n th rocks in it foot' all and han()'ino- wall, 
shown in Figure 1 ~ · Th dip slip i th re b tween 
250 and 300 feet . 

On the ixth and 
20, th Tuc on fault i slightly off t in a few plac · 
by mall faul t of oa t-n rthea t tr nd and t p north· 
ward dip. Th e minor fault ha be n found only 
in the hanging wall of th main fault and appear to be 
acce ory to it. Th off e of the hano-ing wall are 
endently comp n ated by the di tribution of cru hed 
material within th main fault zone. They are min· 
eralized, however, and are g nerally parallel iu trend 
to the "fu t contact" or shoot at th top of the 
Blue lim tone. ( e pl. 19.) 

hearing along th main fault develop d other occ ·. 
ory fi ure diverging from th main faul t in trike 

a.nrl dip and t nding to form a network. Th fls ur " 
are mineralized and are clo ely a ociat d with ore 
hoot on the footwall id of the main faul t (fig. 20l. 

• imilar fis uring may exi t on the hanging wall ide 
also, but owing to the local ab ence of lime tone along 
this side very little exploration ha been conducted 
there. The main fault is mineralized lo ally and has 
been stoped in a few plac (figs. 1 and 20 ), but in.as· 
much as it was developed by hearing and compre wn 
and contains a large quantity of gouge deriv d from 
the siliceous rocks, it has been relatively imperviou 
to ore-forming solutions and has tended to d fleet them 
along the more open ace ory 1i sures. Where lime· 
stone forms a consid rable part of the hano-ing wall 
ore shoots may be found, provided the ore-forming 
olutions w re abi.e to penetrate the main fault and 

follow the transverse or other accessory fi ure . 
Yak tunnel and its branches.-Aicher h traced the 

Tucson fault southeastward to the Gold raise, which 
connects with the Louisville lateral of the Yak tun· 
nel, and Pendery found it a short di tance farth er 
southeast, where it is cut by the Louisville lateral. 
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.At this place Parting quartzite forms the hanging wall 

0 dips 35° NE. Gray porphyry forms the footwall 
8~r1 fills the fault zone, which is 75 feet wide. The 
~ault walls strike N. 30°-40° W. and dip 50°-57° NE. 
Farther southeast the fault 

1
should cross the Yak tun

nel a short distance ea t of the foot of the Cord incline 

0 100 200 

·~ 
'>. .. , ·,, .\ 

300 400 

(pl. 22). Fi strres of proper dip and strike are present 
there, but the only rock exposed is Gray porphyry, and 
faulting appears inconspicuou , just as it does on the 
Fourth level of the Tucson mine. 

Oo1·d working .-A little outh of the Yak tunnel 
the Tuc on fault is cut at nearly right angles bv the 

500 FEET 

N 
A 

FIOURB 20.-Plan or fourth, sixth, and seveuth levels of Tucson min~, show ing rei t ion of Tu son fa ul t to ore bodl . IlS" F. A. Aicher, Iron-Silver Mlniug Co. 
Numbers in stopos refer to levels. pq , Parti ng quartzite; wl, While limestone; £Q, am brian quartzite; gp, Oroy porphyry; Pre-£ gr, pre-Cambrian gr~nite 

• 
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Cord v in and it a ociated r eplac m nt or ?odie ' 
but the di placement of the Tu on faul~ zoo J . com
parati ly mall, and uch evidenc .as 1 o?tamabl.e 
ugge that he fault i dying out m a e:'lC .of ell-

verging branch . This evidence is. ho':n m F1gur 
21 and 24, which w r at fir t comptl d 1~ 1913 from 
data uppl.i d by John P ndory then en<rm r for th 

EX PLANATION 

~ Tunnel level 
" {No 1st tunne{) 

~2dleve l 
.. -

( ·· - · .. _ 3 d I ev e I 
(Outline not known) 

~tJfL 
[I ==-= 4th level .. _...~ 

·--, ___ .J -:_ ____ ,;- 5th level ·---------.. , .. 
· .. ::-----<;: ~-:::::: .. - 6th level 
-/,.- ---~~~~~~ 

r ---, 
r 1 '---- 7 t.h level .._ ______ _ 

<_~J "l 
·- --·~_:~·. 8th level - ·- --,( :~··. 

) . 
:: : : :: ·. : ::·:·;~.:;_::;?;~ i 9 t.h level 

N 

200 300 400 FEET 

FIGURE 21 .-Plan ol workings below level ol Yak tunnel between Cord and ''fhite ap wim.e , how log relation ol ore to vein 

Yak tunnel worlcings, and revi ed in 1922. ( ee also 
fig . 22-23.) P endery recognjzed the abnormal outh
we~ tward dip of the White lime tone and attributed 
it to local bulging of the Gray porphyry. The conti
nuity of the Tucson fault wa no uspected, and north
we tward-~rending :fi ure in porphyry gave no 
evidence of con iderable displacement. No faulting 
of northwe tward trend wa recognized in the topes, 

imilar to those of the Tuc on fault zone and were 
tentatively regarded as belonging to it ; but no Y t~ro
atic mapping of the Tuc on fault in the Cord n11ne 
wa made until 1922. Then a pecial earch for. the 
fault was made in workings that remain d ace 1bl~, 
and the faults found are repr ented by solid line: 10 

Figure 24. The outlines of tope hown in thi figure 
are profiles furni hed hy the Yak o. in 1922 and 
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. 1 ded work done inc Pendery's death in 1919. 
!DC ll . • 
ls cce s to tope could not be gam d m place of 
~it.tcal importance, the relation of faults to stope i 

ly roughly indi ated . 
00

pendery had found that the top of the Cambrian 
unrtzite was cut by the Corel winze at the eventh 
~vel. The top of th quartzite, dipping n01·thea t-

4 

8 

9 

found on the hanginO' wall along one of the transition 
bed . t a point 150 feet farther southwest the 
eighth level pa es through stoped and timbered 
ground nbove one of tho fault on the ninth level 
already mentioned, and vidence of faulting is con
ealed. Farther west another fault striking N. 40° W. 

and dipping 50°-60° E. was found which m t con-

t~ ~ [ndoF51op~shown 
m secf,on o-o· 

SECTION O-o· 

FIGURE 22.-Xorth west·southeas t seot ions through Cord winze workings. gp, Gray Porph yry; bl, Blue lime tone; Pq, Parting quartzi te, WI, white limestone; Cq . 
Cambrian quartzite; gr,granite 

ward, i again found on the eighth level 125 feet 
outhwe t of the haft, a fact which indicate a fault 

that mu t cro s the winze n ar the eighth level, 
al though the fault contact was not id ntified there. 
About 200 f et from the winze on the eighth level a 
reverse fault sepa..rat the quartzite and tran ition 
hale at its top from G.ray porphyry. A little ore was 

UY[U: 

SECTION r~r· 
555' ~0!.1\l".,..e)\ of Corct .,.inu 

nect downward with the other fault on the ninth level. 
On the sixth level cru hed zones with northwestward 
trike and eastward dip were found in the Gray por

phyry along the main drift, a shown in Figure 24. 
The stope in line with the we ternmo t of the e 
cru hed zone wa inacc ible. Three faults of sim
ilar trend were found in por phyry on the fifth level. 

SECTION G·G' 
212'n rlheesl ofWh1teCapw 1nte 

I 
I 

FtouaE 23.- orthwest·soutbeast sections through Cord winze workings. gp, Gray porphyry: bl, Blue limestone; PQ , Parting quartlite; wl, White limestone; 
£q, Cambrian quarttite; gr. granite 



72 GEOLOGY AND ORE DEPOSIT OF LEADVILLE MI ING DISTRICT, COLORADO 

No faults were located where the fourth lev l was 
acces ible, but the westward dip indicated i~ Figure 24 
wa verified. Quartzite resembling the Partmg quartz
ite formed the walls of th main drift for 270 to 300 
feet or more from the haft. B yond thi place the 
drift is ca d. The tructural relation of thi quart.z
ite are •not clear. Parting quartzite wa found by 
Pendery in the Cord winze and in the stop below the 
second level, as shown in Fi()'ure 24. R v 1 e faulting 
could account for the di c01·dance between the e po i-

0 100 '200 

m nt along ingle faults in the zone i small, and th 
a()'gregat di plac ment i much .l than in the Tuc~ 
on mine. • urthermore, the h1 ·lm of th zone in 

the ord mine is gr ater than i? the Tuc.sou mine, and 
it appears that th fault zone 1 f ath rmg out outh
ea tward. 

The hort south ast bran h of th outh ord ore 
hoot, which replac s White lim tone below the foot 

of the ord inclin (pl. 22), i approximately in line 
with the Tu on fault. Thi or body was visited in 

300 400 600 FEET 

FIGURE 24.-Longjtudinal section through Cord and White Cap winzes, showing relation of ore to Gray porphyry. gp, Gray porphyry; hi, Blue limeotone: IJ'l, 
Parting quartzite; wl, White limestone; £q, Cambrian quartzite; gr, granite 

tion and that on the fourth level, but it is less easy 
to correlate the expo ure on the fourth level with 
tho e on the second level near the White Cap winze 
(fig. 24). Either the quartzi e on the fourth level 
rises westward with an unusually teep dip, or it is sep
arated from the quartzite near the White Cap winze 
by an ob cure fault. The abnormal thickness of White 
limestone found by Pendery in the White Cap winze 
suggests repetition by faulting, but the position and 
trend of the fault can not be ascertained. 

These details, though far from complete, indicate a 
zone of reverse faulting in line with the Tucson fault 
and coinciding with it in strike and dip; but displace-

1919, but no reverse faulting wa proved. The fault 
there has evidently been obscured by ore depo ition. 

The reverse fault ju t east of the White Cap winze 
on the second level will, if projected upward, coincide 
with the local"roll" in Blue limestone shown in the 
Yak section on Plate 22. Thi "roll" is about mid· 
way between the normal position of the Tuc on fault 
on the tunnel level and that of fault G, which wn re· 
garded by Emmons and Irving as an abnormal member 
of the Iron fault zone. Very little is known about 
fault G, but as the intersection of the Tuc on fault 
zone with the Cord vein has been the site of some 
large ore bodies, the intersections of fault G ' ith the 
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Cord vein and any parallel vein ar worthy of con-
sideration with a iew to pro pecting. . 

atisfactory understanding of the Tuc on fault JU 

the vicinity of the Cord winze can be gain d only by 
careful as emblinO' of data as work progr sse . If the 
fault Qontinue s;utheastward for a con id rabl di -
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8oundBry of ore 
body hidden 

....:...'I:."-A·rd8 vemlet. 
,·.~o·nf,,,ns stlver 

200 FEET 

CARBO A'l'E RILL 

Tfoljtone mine.- r one of th workings north we tof 
the Tuc on min and n ru: th Iron fault have been 
carri d de p enough to r ea h th Tu on fault, buti 
proj ection north we tward with du allown.nce for dis. 

N 

I 

.,. 'Rev~rse foul/ 
~··o,p sltp 20 fee t 
I 

,~ 

·::.~·-
Stope above 

level .· 

FIGURE 26.-Plan of Tucson-Maid fault on eigh th level CJf Woiftone mine. Br F. A. Aicher. bl, Blue Jime-~tone; pq, Parting quartzite; wl, While limestone; i:q. 
Cambrian quartzite; M, magnetite, sulphides, and manganosiderite 4 feet obo,·e level 

tance the White limestone beneath the large tope in 
Blue limestone near the Moyer fault may be worthy 
of attention. If the fault dies out southea tward, a 
has been suggested, a complementary di-placement 
may be found along fault G, and the more favorable 
places for finding ore should be at the intersection of 
fault G with White limestone beneath the large topes 
in the Blue limestone. 

placement along the Iron, Mikado, and R. A. M. fnul . 
which have an aggregate dip slip of about 1,000 feet. 
brings it in approximate alinement with a reverse 
fault in the Wolftone (fig. 25) and Maid min , which 

purr 9 has called the Maid fault. purr called atten· 

' Spurr, J. E., The relation of ore deposition to faulting: Econ. Geology, voi. II, 
p. 606, 1916; unpublished report to Western Mining Co.; Ore m gmas, pp. ~1-311 
1923. 
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. to the grouping of or~ bodies in the White and Blue 
tton f l . h M .d . d r . tones along thi au t m t e aJ rome an 
: Ted that the fault, formed ju t sub equent to 
. eious intrusion, had been the channel for a cending 
Jgne . ll . · eralizin()' solutwns. Oth rs had ca eel attentwn 
roll1 o M . l . b h d . d. to a reverse fault in the ate. ~me ut a not m t-

ted it relation to ore depo 1twn. 
cain 1919 Philip Argall and G. F. Loughlin found thi 
fault on the eighth level of the ~olfton e .mine, a~d at 
Argall's request it was mapped m ~eta1l b~ AIC~er 
(fig. 26) , who showed it to be the off et contmuatwn 
of the Tucson fault (fig. 25) . The fault on this level 
lies 0 feet east of the shaft and extends southeast
ward across the Mahala claim. It split in places, a 
it doe in the Tuc on mine, and the ea t cro cut 
shown in Figure 26 reveals a branch reverse fault, which 
inclicates that the fault zone is there 100 feet or more 
wide. The small pyritic vein at the first bend ea t of 
the haft and the mall mineralized normal fault that 
off ets the ea t branch of the reverse fault in the cro -
cut are similar to tho e that off et the hanging wall of 
the fault of the Tucson min . The winze in the main 
fault at thi eros cut opened a local vein in the fault. 
The stopes in limestone near the fault on the Wolf
tone eighth level evidently bear the arne relation to 
the fault a tho e along the fault in the Tu on mine. 
That connected with the winze above mentioned is 
particularly ignificant, as it evident! lie along the 
fault in part and extends along connected channels to 
both ides of it. Thi evidence accords ' ith that in 
theTuc on mine that the Tucson-Maid fault antedate 
ore depo ition and that, although it contains ore at 
only a few plac , the fractured ground along it i a 
favorable place for ore. A cro cut on the seventh 
level of the Greenback mine ( ee pl. 40 ) 340 feet south 
of the haft, ha. opened a vein that follow a mall 
>ertical fault wh re the tran ition beds at the op of 
Ute am brian q uartzi t a.r b n t in Lo a rti al m no
cline. Thi fault i vid ntly a branch fr m th Tu -
on-Maid fault. The po ition of th fault in th ifaid 

and Wolfton min , a indi at d b data furnish d 
by purr and i h r, i al o hown in cti n ' 
and D-D', 1 t 20, and ',Plat 21. 

Probable continuation in Downtown a· lrict.-The 
approximate outcrop of th fault in the O\Tntown 
distri t., taken mainly from purr' unpubli h d map 
i hown in Plat, 1 . I clo e a iation with cer
tain ore b di far north a th Lower H mi a 
shnft is appar nt. The " cond onta t" or body 
at lh Old Hu y o. 2 haft and th "third con ac 
body at th Hib chl haft hav boundari parallel 
and l t th our e of th fault. It j~ al o po -
sibl that a part f th Tu n-Maid fault may b 
as ociated wi t.h th ore b di in the Blu lime ton 
near th Mida and Cor nado hllf ' ~t of th 
Pendery fault, but an fit mpt tor pre ent it o fnr 
from it known po ition would be inadvi able. 

COLORADO PRINCE FAULT 

The outcrop of the Colorado Prince fault ex end 
outheastward along the outhwe t lope of outh 

Evans Gulch from the W ton fault to the Ball 
Mountain fault , a distance of 1.2 miles. As nearl a 
can be determined from the few point at which the 
fault ·is visible, the average trend is about r. 53° W. 
The apparently more northward trend in its northern 
part is due to the teep northward slope of the surface 
toward Lin oln Gulch. Through most of its cour e 
it has tt dip of about 45° NE. Thi teepens to 64° 
in the Archer tunnel, flattens again to 40° in the 
Kentucky Boy tunnel, and steepens to 70° in the 
St. Louis tunnel. The Boulder incline near its 
northwest end, i tated by Emmon 10 to have gone 
db"n on the fault between a granite roof and a White 
porphyry footwall, at an inclination of 45°, and the 
Cumberland haft ju t east of it wa sunk 150 fe t in 
White porphyry. One of the faults in the Colorado 
Prince zone mu t therefore lie north of the Cumber
land hafts, a shown on Plate 27, but it ha not been 
traced southeastward. The underground expo ur 
of the fault are repre ented in the Yak tunnel 
section, Plate 15, and sections B- B', C-C', and D-D' , 
Plate 14, and in several of the sections on Plate 2 , 
the roo t instructive of which i the section trending 
60° 33', through the Fannie Rawlings mine (A-A'). 
Elsewhere it po ition i approximately indicated by 
the eli crepanci in the geologic formations . 

The fault pa es just north a t of the Big Four 
shaft, and down it northea tward clip in this vicinity 
it is cut off by the large rna s of rhyolitic agglomerate. 
In the rcher tunnel the fault fissure is 10 feet wide 
and i filled with the ao-glomerate. It contains agglom
erate in the Kentucky Boy tunnel al o, and in the 
Ant lope tunnel it i aid to contain breccia of consid
erable tbicknes which may b agglomerate. In the 

t. Loui tunnel th expo ed fault zone i 5 feet thick 
but ontains no agglomerate. Farther northwest the 
fault zone is not expo ed. 

The dip lip throughout th greater part of the 
cour of the fault range from 100 to 120 feet, and 
he fault breaks the teeply clipping outhwest limb 

of the lo al anticlin · but between the Modoc and 
Ball Mountain fault both the po ition of the Colorado 
Prin fault and the amount of di placement along 
it are un rtain. It may extend ea tward along the 
outh do-e of th mall body of White porphyry as 

thi body appear to o erlie Cambrian quartzite, 
, h r n White porphyry el ewhere in the vicinity 
underli e ambrian quartzite. more normal cour e 
would b outhea tward up th lope betwe n he 

ambrian qum·tzit and Web r o-rits," but the di
plac m nt thor i o much greater than it i north
we t of the Modoc fault that it i more properly cor
related with the Ball Mountain fault. 

--------·--------------
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The mo t r a onablo interpretation of th fa ob-
elTed at thi place i that th Colorado Prin e fault 

i off et by the northward-trending fault along the 
:Nevada tunnel and continues along the ou thw t ide 
of the D?-all granite expo ure and outhward up th 
lope, b twe n Cambrian quartzite and White por

phyr -, until it i cut off by the Ball Mountain fault. It 
ma be pre ent along one of he contacts bet' een Cam
brian quartzite and White porphyry on the ·outh ast 
slope of Ball Mountain, but a the anticlinal ti'Ucture 
is not in evidence the Colorado Prince fault may have 
died out before r eaching thi place. A the dip lip 
along the Ball Mountain fault in thi vicinity may be 
a~ much a 2,000 f et, any do\ n-faulted part of th 
Colorado Prince fault mu t be well b low any of the 
local mine workings. I ts approximate po ition i m
dicated on section E-E' and F- F', Plate 15. 

The evidence on the west ide of the We ton fault 
i ev n mor ob cure, a the only rock at the urface i 
Gray porphyry, and thi i laraely covered by a thin 
layer of glacial debri . The northw tward ex ten ion of 
the Colorado Prince fault i of importance, ho' er, 
because of its po ible influence on the di tribution of 
ore bodie , and for thi rea on it ha b en roughly 
indicated on Plate 13 and 27. The tend ncy for 
reverse fault to develop auxiliar :fis ure that may 
serve as local feed rs to r eplacem nt ore bodio and 
the pre ence of ore in old mine a hort di tance outh
we t of the fault tend to encourage pro pee ina along 
the northwe t continuation of the Colorado Prince 
fault. The continuation, how ever , can be located only 
by drilling .or drifting, and a large quantity of ground 
water mu t be expected, o pr p cting will nece a
rily be expen ive . 

REVERSE FAULT IN RESURRECTION MINE 

ection A-A', Plate 14, hows a dike of Gray 
porphyry filling the :fis ure of a r everse fault which 
di plac Cambrian quar tzite and rocks b low it but 
doe not extend upward through the White lime tone. 
In a ection only 300 feet to the outh no faulting 
alona the dike i repre ented. Thi apparent di -
crepancy can not b~ explained without more evidence 
than is now obtainable. If a fault i present as indi
~ated. in ection B it i older than the porphyry 
~ntru wn and therefore not to b e correlated with the 
other reverse faults here de cribed, but the exi tence 
of two periods of reverse faulting can not be consid
ered proved. hould further work to the west of the 
R esurr.ection shaft succeed in proving the upward 
extenswn of the fault , the :fis ured lime tone alona 
th fault may be found productive, especially if the; 
are r eached by some of the vein of the R e UlTection 
group. 

LONDON FAULT 

The London fault is wholly out ide of the L eadville 
di trict, but it is one of the largest reverse faults in 

rome. 

11 Moore, C. J ., The London m ine, l.\IosQulto m ining district, Park CouclJ 
Colo.: Am. lost. Min. Eng. Trans. , vol. 45, 1913. 

11 Patton, a . B., and others, Geology and ore deposit s of tbe Alma district, Pill 
County, Colo.: Colorado Geol. Sur>ey Bull. 3, pp. 102- 113, 191- 20t, 1912. 

11 Aicher, F. A., written communication dated April 24, 1924 . 
H Pat ton, a. B. op., cit., p. 103. 
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t 1·0 ore but four veins, with trikes about parallel con a ' . 
to the London fault, are pre ent m the North London 

· e These named from west to east, are the 
IDlD • 1 

L don McDonald, Hard to Beat, and Ea t. The 
~~don' vein is about 370 feet and th East vein 70 
f t from the London fault. The McDonald and the 
~~d to Beat, which probably joins the McDonald 

1 ward the south, are midway between the other two. 
;he dip of the e vein , which approximately follow 
bedding planes of the upturned trata and their con
tacts with porphyry sill , are steep northea t in the 
upper level but curve to teep southw tin the lower 
levels. The vein evidently fill or partly replace 
shear zone formed at the time of folding and reverse 
faulting. They range from m re treaks to veins 4 
feet thick. The London and McDonald . veins are 
aid each to have a prov d length of nearly 3,000 

feet. They pas through th North London and 
outh London mine and probably continue south

ca tward. They ha e be n worked from point near 
the urface for sev ral hundred feet down the dip. 

In the North London min the London vein i prin
cipally wi hin Gray porphyry and locally cut White 
porphyry and ba al quartzi e bed of theW ber (~) for
mation . The Me onald vein for the mo part losely 
follow the contact betw n th Blue lime ton and 
Weber ( n formation. The Hard to Beat v in follow 
bedding planes in the ba al quartzite of th W b r ( ~) 
formation but pa e into the Blue lime tone at t.be 
lower levels. The East vein ha been developed for 
200 feet along a narrow he ted zone in Blue lime tone 
and locally along a con act b tween lime ton and 
White porphyry. mall vein wa al o found in a 
minor rever fault with ast dip between the Hard 
to Beat and McDonald vein , below the level of the 

• Blanchard tunnel. 
Moore tion indi at a ontinuou fault which 

he calls th W t Loud n fault with trik parallel to 
the main Loud n fault and dip forth mo t part w t,.. 
ward but urving upward ith th dip of th trata 
until at th out rop i dip al parall ] hat of the 
main London fault. Ai h ho~ a t p rever 
fault dipping 60°- 90° E. on the Blanchard tunn l 
level of the orth London min , which corr pond to 
the northern part of Moor ' W t London fault· but 
he doubts the ntinuity indi at d by Moor . 

Between thi fault and th main London fault Moore 
has hown om minor r v rs faul with approximat 
dips of 45° E. along" hi h th r ha been on iderable 
trike lip. ne of th e in th outh London min 

contains a vein that i call d th E t vein but i not 
nee arily continuou with the East ein of theN or h 
London mine. Th minor r v r., faul and th 
shear zone that contain th v in are auxiliary to 
the main London fault. 

The main L ndon fault, the ein , and the We t 
London fault mapp d b Moor are offs t for hort 

horizontal and vertical distances by everal tran verse 
minor normal faults of north-northeat to east-nor th a t 
trend. Mo t of these minor fault dip 65 °- 5° E., 
but orne of hem dip northwe tward at similar angle . 

The e feature are similar in several re pects to tho e 
of the reverse faults already described, and it i inter
e ting to note that here, as at most place along the 
other reverse faults, ore has not formed in the principal 
faults of the zon where compr ion shearing wa mo t 
pronounced but in openings that may be regarded as 
accessory to the main fault. The tructure may have 
been complicated by movement during more than one 
period in the fault zone, as well as by the po tmineral 
1 ransverse faulting. 

MOSQUITO GULCH FAULT 

The reverse or overthrust fault associated with the 
overturned fold at Mosquito Gulch (p. 61) is th ea tern~ 
mo t reverse fault recognized in the Mo quito Range 
region. No mining has been done alonv it and it ha 
no apparent a sociation with ore bodie . 

COMPOSITE REVERSE AND NORMAL FA -LTM 

·vVhen Emmons made his original survey of the Lead
ville district and M o quito Range region there 'i\ere 
no mine workings in which r everse fault were exposed 
and the short time available for covering so great an 
area did not permit the detailed ob ervations that have 
since be n po ible in the Leadville and Alma di tricts. 
He accordinvly regarded all the faults a equal in age 
and gave a sinvle na.me to faults which, though contin
uous and in line with one another, have be n found in 
the light of further inve tigation to be of different 
chara ter and to have been formed at different times. 
The Mosquito fault was lat r recognized by Emmons 
to be complex and pos ibly to represent two periods 
of faulting. Th other two in thi clas , he We ton 
and Mik w re regarded by him as normal throughout", 
although he noted th omplex r lation b tw en the 
Mike and Pilot faults. .As the e faults have been 
known o lonv by the name which Emmons gave them, 
the ar described as ompo ite faults instead of being 
de cribed in part with the early reverse faults and in 
part with the later normal fault . 

WESTON FAULT 

The W ton fault a hown on Plate 11 , i one of 
the large tin the region, xtending for mor than 12 
mil ; but it variable character leads to the uspicion 
that its northern and outhern parts represent different 
mo ements that were di tinct in age. nderground 
xpo ur s of the fault a mapp d how displacement in 

cliff rent dir ction , but they are o few that only a 
tentati e interpretation of the fault can b made. 

From the outh end of the region n ar Weston 
P ak to IowaGulch theW ton fault flanks the Weston 
tmti lin and ha the appearance of a reverse fault . 
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Thi outhern part of tho fault ha a maximum dip lip tunnel, wher th fault z . ne i only f e t wide, to 
of 5,600 f t a Empire Hill. The amount of lip d - 00 feet r mor at tho pmnt marked by se tion F-F' 
cr a es gradually southward and mor rapidly though Pla e 1 ' and i du to th r laLiv drop of n block 
1 regular! northward. The averao-e trike i ' . 24 ° bound d by th Ball Mountain, Iowa ul h, Vi eston 
W. In th working of th lenr Grit mine, on tho outh Ib ex No.4, and Mo lo faulL · Thi roo ement w~ 
lope of Iowa Gulch, its r ver cha.ra ter i hown sub qu n to th' p riod of folding and a ociated 

a cording to ection by the la te Charl J. Moore, r v rs faul ting, and th part of the W ton fault 
which r pre en t its dip a 60°-70° ENE. Ther i h er e on id r d i th r for r gard d a later than 
a complex of fault and vein her , as ho\\·n in Figure the outhern pnrt; but the P riod to whi hit hould 
27, and it is ignifi ant that th r ever e W ton fault b a igned i om what un rtain. Mo t parts of it 
zone contains t' 0 parallel v in . The teep ea t- her do cribed ar reo-ard d a form d ub equent to 
northeasterly dip hown in thi figure i not apparent ore depo ition, but the pyri ic v in in the Forest 
on Plate 11 , , hich i ba ed on Emmon ea.rli er work, Qu en mine may b in am mb r f th We ton fault 
and it may be that the r ever e fault i ob cur d by zon . s both premin ral and postmineral faults are 
auxiliary or later normal fault and by lide ro k and pre ent in hi part of the di Lri t, the W ton fault 
that the mapped po ition of the fault north of Iowa as r epr nt d may include lo 1 parallel faul ts of 
Gulch is that of an a ociated normal fault . orth of two nge or one fault a long whi h movement has 
Iowa Gulch any evidence of anticlinal tructur ha tak n place at tw cliff r nt tim . In the Garibaldi 

E. 

Lif,OOO'-...=....:::::..o,====~=:r;.!£.,J,.~ 

F IGURe 27. -Section through Clear Grit mine, on south slope of Iowa Gulch, showing revorso character of Weston fault and its relations to otb r faults nod 1•eios. 
After Charles J . :\loore 

been deeply buried in the down-faulted block that 
form the west half of Ball Mountain and the r e>er e 
fault, which is clo ely related to the anticline in origin, 
i evidently deeply buried al o. 

Northward from the Iowa fault as far a the Ib x 
No. 4 fault vein the down throw alono- the We ton 
fault, as repre ent d on Plates 13 and 27 i on the 
ea tin tead of thew t. Within the LeA.dville eli trict 
the faul t is expo ed in the Garibaldi unn el, the north
ward branch of the Agwa]t tunnel (known as the Trib
une tunnel), the Yak tunnel, and the Fore t Qu een 
mine. In the e places it ha a very teep we tward 
dip and i therefore reverse, but the movement wa 
opposite to that south of the Iowa fault. In the Gari
baldi tunnel both wall are porphyry and the amount 
and direction of dip slip can not be determined, although 
the fault zone is 100 feet wide; but drill holes put 
down from the Tribune tunnel appear to show down 
lip on the east ide. According to the geologic sec

tions the dip slip range from 420 feet at the Yak 

tunnel, according to ro , it form a v ry wid broken 
zone between two hatt red and lickensided wall 
of Gray porphyry . From hi point nor thward it 
bends toward thew t and i again expo d ju teat 
of the quarry of the ntioch min . In th Tribune 
tunnel it appears a a well-mark d wall with a very 
steep w tward dip. Another fault whi h i r egarded 
by orne a the main We ton faul t, i u t by the 
Agwa.lt tunnel about 250 feet farth r we t, but a the 
wall of both fault are porphyry the correlation with 
the We ton remain in doubt. The fault in the Trib
une tunnel extend northward for more than 1,000 
feet, then l aves thi tunnel on the we t , and i ex· 
po eel again in the Yak tunnel. 

In the Tribune tunnel the fault forms a narrow 
broken zone between two v ry sharp and di tinct 
walls of Gray porphyry. In the Yak tunnel the fault 
i comparatively narrow with a zone of feet of broken 
rock, lin d on both sides by clay selvag . Wbere 
found the west wall i composed of the Lo' er or 
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C mbrian quartzite and the ea t wall of Gray por-
:yry. Above the 1 vel of the Yak tunnel the fault i 
~xposed in the r:~r t Queen mine, and, as .will be 
een from its pos1t10n on the Yak tunn l sectwn (pl. 

15), it ha the irregular curvature which i o co~on 
a fenture of those faults that have b en ext n 1vely 
explored. 

North of the Jbex No. 4 fault ( ection D- D' , pl. 

14) the direction of movement again change , and the 
dip lip is 450 feet do' nward on the we t. The fault 
it'eli ha not been cut in this part of it cour e, but 
the po itions of the adjacent formations have been 
determined by rather extensive mine working . The 
dip i repre ented b Emmon and Irving as st ep to 
the we t, and the fault here appears to be normal. At 
the point marked by ection C-C' the down . lip ha in
crea ed to 4 0 feet, but it decrea es again northward, 
and omewhere b yond the inter ection with the 
Colorado Prince faul the direction of down lip 
changes once more. Ins ction A-A' the down lip i 
repre anted a 60 feet on the ea t. The di tpher ha 
al o changed to very teep eastwar l and the fault 
again appeal'S to be normal. Beyond thi point the 
W ton fault is lo t in the thick eri of ' Weber 
!'!'it ' which forms Pro p ct Mountain and in which 
the detection of di placement i impo ibl . It i 
probable, however, from the ab en e of thi fault on 
the oppo ite ide of the Ea t Fork of Arkan River , 
that it ha died out completely in thi direction. 

The imilarity in strike and direction of lip b twe n 
thi northernmost part of the We ton fault and th 
Winnie-Luema fault vein i noteworthy. o e1'"idence 
of mineralization ha b een found along thi part of the 
W ton fault, but the con ealment of th fault 
beneath glacial d bri ha prev nt d it exploration. 
On the whole the We ton fault mu t be regard ed a 
one of th mo t ompl x and lea t und r~toocl fault 
in thi r gion. 

MIKE, PILOT, AND WRITE PRINCE FAULTS 

n d on Plat 11 i 2.-l. 
\V ton fault in it 

here i about 1,000 f t. outhwarcl toward Empire 
Gulch the throw decrea e o rapidly that the fault 
ha not been d tected beyond the gulch. 

::North of Io' a Gulch most of the eli placement of 
the Mike fault continue along the Pilot fault, which 
trikes nearly north for 1.1 miles and dip teeply 

we t. The character of faultina therefore change 
from rever e to normal. The Pilot fault i well defined 
by outcrop on both ide of California Gulch and has 
been expo eel in the Printer Boy mine and the Yak 
tunnel. It :fi ure zone i wide. A drift 500 feet 
below the urface wa driven a tward from the Lower 
Printer Boy haft for 300 feet along a zone of selvage 
clay anrl br ccia material having a total width of 40 
feet. In the Yak tunn l a broken zone fully 860 feet 
in width occurs to the ea t of the we tern wall of the 
fault . The larger portion of the tunnel walls at thi 
point i nece arily ob cured by lagging. It is prob
able that the fault, being one of considerable magni
tude, i distributed along a number of nearly parallel 
:fi ure . The maximum dip slip, from evidence in the 
Yak tunnel, may be a much as 2,000 feet, but here 
i little opportunity to e timate it. (See ections on 
pl. 15. ) The lip evidently decrease northward from 
the Yak tunnel and may die out within the Gray 
porphyry rna of we tern Bree e Hill; but the fault 
may continue farther north than i indicated on the 
map and be r pre en eel by the White Prince fault, 
which i similar in trik , dip, and lip. The White 

1 Prin e fault i not expo eel ei t.her at the surface or 
undergr und, but its po ition and throw are approxi
mately indicat cl by a differen e of fully 400 feet in 
th e altitud of corre ponding tratain the White Prine 
and cro th Ocean hafts. 

From it junction with the Pilot fault the Mike 
faul extend . 17° W. as far as the Mik haft, 
then cune to the north and northea t until it i lo t 
in th Eureka rna of rhyoli i aaglomerate at the 
n rth w t ba e of Br e Hill. It dip i till ea. t
ward, ranging from 45° to 0°, but the dip lip i down
ward to th a t and i relativ ly mall, at f w pla e 
ex eedi ug 30 f t. 

The fault ha been explored by the working~ of the 
Mik winz , th Yak unnel the north and outh Mike 
haft and th Lad li e, Morning Glory and Park 

B -nton min on the northw t lope of Br ec Hill . 
Throuahout it extent th fault i chara terized by a 
\ id zon of battered mat rial. It i bound cl in the 
.1ike workin by prominent elvage of clay, the 
black olor of which sug{)'e t derivation from the 
·• Web r hale ," althou{)'h non of the hale have 
b n found in place n ar the fault . In the workinQ'S 
from the Yak tunnel and Mike haft the fault is 
mark cl by a elvaae-lined zone of crushed rock 40 feet 
in width ju t we t of a 1 0-foot zone of battered rock 
within which th fraament hav b en omparatively 
lit l moved from their oriainal po ition. 
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The fault zone is cro ed by the Lady Alice haft 
and is r presented in the Park B nton mine by a 
numb r of small fault of general northerl tr od, 
along each of whi h a small amoun of movement ha 
taken place. 

The fault zone is occupied in porti ns of the' orl ings 
of the Mike winze by a larg dik of rhyolitic agglom
erate containing fragment of all orts of rock. A dike 
of the sam material i found in the workings of the 
Park B nton mine. There can be no question that 
the e i olated occurr nee are connected along the fault 
zone by a greater or les thickn s of agO'] m rate 
which ha extended southward from the Eureka tock 
of agglomerate. 

In view of the great wid th of the fault zone th rel
atively small displacem nt i r emarkable. There i 
rea on, however, to believe that the di plac m nt 
along thi fault wa once O'reater than at pre ent and 
that the movement ha' been now in one direction, 
now in the other. The wide zone of broken material 
is a rough index of the whole amount of mo ement 
without r egard to dir ction ; th pr ent relative po i
tion of the two wall mea ur the algebraic um of 
these movem nts. The main fault zone in plac on
tains large fragment of pre-Cambrian gran ite and 
black hale between wall of Blu lime tone. 1he e 
fragments are not part of the rhyolitic agglomerate. 
The granite fragment are 400 tb 500 feet abo e the 
top of the granite in plac . The hale fragm nt may 
represent the tran ition bed at tho top of the am
brian quartzite or, l probably, the "Weber hale ,'' 
a small part of which probably li es at the top of the 
Blue limestone beneath the White porphyry. o def
inite ignificance can be attached to the hale, but the 
granite fragments constitute proof that one of the walls 
of the fault must have been much higher than at pres
ent. The suggestion i plausibl ther for , ha after 
reverse movement along the Mike fault had aken place 
the wedge- haped block between the nor thern Mike 
and Pilot faults wa dropped, and the small d.i place
ment along the northern Mike fault i the net r ult 
of two opposite movements . 

MOSQUITO FAULT 

The northern part of the Mosqui to fault, north of 
Tenmile River (pl. 11), is an overthrust, but south of 
that stream the fault i normal, according to Emmon , 15 

who describes it as follows : 

In the southeastern portion of the area the position of the 
fault ia readily seen on the hill by the sharp contrast between 
the rugged slopes afforded by t he Archean rocks to the east and 
the softly rounded forms of the sand tone hills to the west. 
As represen ted on the map its line of outcrop has been most 
carefully traced by surface exposures and underground workings. 

On the steep slope of Copper Mountain, where t his line is so 
remarkably curved and broken, it ia unusually distinct as 
owing to the steepness of the slopes, there is but little cove~in~ 

"U.S. Oeol. Survey Oeol. Atlas, Teo mile district rolio (No.4 ), p . 3, 1898. 

of loo o material. Although several 1 rosp ct hole have h 1 
to d fin e the line h r , by showing the juxtaposition 0~PEd d 

. t' I d '· Jf. ferent rock van 1 , none 1ave .e~po~e tL1e fault plane suffi. 
i ntly to afford m an of d t rmmmg 1ts hade by nctualob 

vation. The variations in the line of outcrop of th faul t P:· 
a it ro es depr ions ind icate that this plan hade to ~~e 
ast, and from this fact and th form of the out rop on the 

south spur of the .mout~tain i.t is ~s umod that th peculiar out~ 
line f the fault 1n th1 regiOn 1 due to overthrust faulti 
which ha a tually carri d a portion of tho Arch an O\'er ~-

arboniferou bed . n th other hand , south of the poi; 
wher it cr e Tenmile River th fault i a normal fault a~ 
hades to th w _t. Thi i !)roved not on ly by tho tracing :f 
its outcrops a 1t cro r1dges and valley but by actual 
demon tration in tho und rground working of min ,e peciallv 
the Tr a ure Vault on. ayflower Hil.l and the Bo ton in Jlay. 
flow r Gulch. Tho 11m ton bed m th latl r mine tand 
nearly v rtical, and in the ld Ma t tunnel , n ar the former 
th y have a rev r e dip of 65° E. Th se fact and the gene~ 
crumpling f the ma s of the edim ntary b d how that the 
faulting wa accompanied by a compre ive strain on there
gion to th we t, even wh ro the upward movement produced 
a normal fault.. opp r Mountain lie withiu the point of the 
angt made by the fault plan a it change from a norther!; 
to a northwe terly direction, and in thi angl tho westwa~ 
pu h of tho ri ing block would b gr ator than anywhere el;e 
and might have cau d a change of bad in it plane and local 
overthru t. 

Beyond the we t fork of Tenmile River it app ar tha the 
fault plane eparating arboniferous from Arch an extends 
about 25 mile in a gen ral northwest rly direction. It rna; 
be that thi i not imply a continuation of th lo quito faul;, 
a Juts b en a umod above, but a di tinct northwe t-brancbin 
fault, like the London fault in the Loadvill area, and that!~ 
Mo quito fault proper continu its north rly dir ction into the 
Arch an area along the general line of the narrow gorge of 
Tenmile River. As regards the peculiar ba.ylike in tru ion 
of Archean to the oa t and south of opper i\Iountain, it can 
only be said that it appear to be in the natur of an over· 
thrust but that ufficient detailed and accurat data are not 
available to explain ati factoril y the mechani m by which it 
was produced. 

According to Emmon ections in th Tenmile 
di LricL f lio, tho dip lip of th Mo quito fault north 
of Tenmile Ri ver i at lea t 1 .Y2 mile . It d crea : 
outhward and may be di tribu ted o r cliff r nt ur· 

face . The r esult of exploration along the maller 
r everse faul ts of the r egion strongly ugge t that the 
Mo quito fault i even more omplicat d thsn 
Emmon ' opportunity for obs rvation indicated. 
What is hown on the map as one fault may prole to 
be one or more r everse faul ts modifi ed by lo ely 
as ociated auxiliary faults and by nearly parall el u!r 
sequent faults . Emmons 16 realized that the northern 
par t of the fault might be of premineral origin, although 
it. s.outhern part, near Leadville, was of po troio~l'tll 
ongm. 

The southern part i normal, and at no place ad· 
joining it do the adjacent rocks show evidence of 
compres ive strain. It cuts off the London reverse 
fault northwest of Mosquito Peak and is there eri· 
dently one of the postmineral faults . The dip slip 

" Idem, p . 4. 
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there is indicat d by Emmons as about 4,000 feet, 
but it decrease outhward, and beyond the Ball 
Mountain fault on the south slope of Long & Derry , 
Hill it is only 500 or 600 feet. 

:NORMAL FAULT AND FISSURES FORMED SUB EQUENT TO 

REVER E FAULTING AND PRIOR TO ORE DEPOSITION 

In order that a given fractur may be as igned with 
Absolute certainty to the econd of the main groups 
above defined it must be shown to be mineralized, be 
trac d aero s som of the reverse faults already de
cribed, and be found to be off et by the postmineral 

faults. None of the fault or vein classified in th:s 
group present all these criteria, but as their mineral 
content ar imilar th y are grouped together. 
Moore '7 and Irving f lt that the ore in the e veins 
1\il depo ited later han that in the blanket and that 
the fault wer to be arouped as auxiliar to the major 
po tmin raJ faults. Irving, however, recoanized that 
faulting took place at interval through a long p riod 
and that om of the vein had be n affected by later 
movements. Thi que tion of COlT lation can not t 
be ati factoril y an wered, although evidence obtained 
ince Irving's field work 'IVa omplet d point to imul

tan ou dcpo ition of the veins and blanket ore bodie 
and therefore to differ nee in age botw en fi sures that 
-contain the vein and tho e that off et ore bodi . 
The vein thu far found ar n arly all in th ea tern 
-part of th di trict, in Br ce Hill and vicinity, and 
thei r tructural f aturo are d crib d at orne length 
in chapt r 9 (pp. 17 - 1 4) · but one of tho most instruc
tive from the pre ent tandpoint i that in the Cord 
Jnine, in ou thern Iron Hill. 

CORD FISSURE 

The Cord fi ur , al o referred to a the Cord fault, 
extends in a general northea terly dir ction and ha 
been xp d b w n the Whit ap and ord 
winz , from th l belo\ th 
Yak tunn I. I 

22 and 23. 

11 Moore, C. J., Am. lost. Min. Eng. Trans., vol. 45, p. 247,1913; Econ. Ooology, 
VOl. 7, Pp . 590-592, 1012. 

9 271- 27t-7 

and fourth level the dip decreases to about 45° NW. 
in places, but between the fifth and ninth levels it 
steepen to 75 ° and even 5° NW. 

The degree of mineralization along the fi ure varies. 
At orne places where the fis ure cuts Cambrian 
quartzite and Gray porphyry it has been toped, and 
the ore body has proved to be of di tinct veinlike form; 
in the shattered rock at intersection with members 
of the Tucson fault zone the ore body ha the form 
of a tockwork containing what is locally called brecci
ated ore. At one place just below the eventh level 
a veinlike body in porphyTy pa ed upward into a 
r placement body in White lime tone. The ore in 
the Cambrian quartzite and porphyry and the ore body 
in Parting quartzite below the econd l vel are mo tly 
pyritic and r latively high in gold and copper contents. 
The replacement depo its in lim tone, however, con
tain relatively large amounts of zinc blende and galena 
and are identical in mineral compo ition with blanket 
ore bodie that have be n di placed by such major 
po tmineral faults as the Iron, Mikado , and Pendery 
faults. The Cord fis ure cro e the Tuc on fault zone 
without deflection . It ha not been followed to an 
inter ection with any po tmineral faults. 

ST. LOUIS AND BIG FOUR FISSURES 

The vein work d in the t. Loui or Colorado Prince 
mine i of pecial intere t because it eros the Colo
rado Prince reverse fault nearly at right angles and 
end hort branche along th rever e fault. There 

i no perceptible ugge tion of faulting along the vein 
fis ure, and so far as obtainable evidence indicate it 
i. to be regarded a of the arne character and age a 
th Cord fi sure ju t described. The Big Four vein 
ha been develop d to the outh of the Colorado Princ.e 
fault , but i intersection with the fault, o far a 
hown, ha not been expo ed. ( ee p. 306 for detailed 

de cri p ion. ) 
WINNIB-LUBMA FAULT 

Th Winnie-Lu rna fault has not be n followed to an 
inter action with either a reverse fault or a major 
po tmineral fault, but it contain th longest lode that 
h been mined in the di trict. It has been explored 
from the Winnie haft northward through the Luema 
and ilver poon workings, a distanc of 2,600 feet, 
and its ea t wall i broken by branch faults of east
northeast trend. I average dip i nearly verti al. 
The down throw along it i on the east in the outhern 
part ·and on the we t in the northern part, and the 
change i a counted for by movement along the branch 
faults. Its outh rnmo t part may have been cut off 
l?y the OllieRe dmas. of agglomerate. Its strike varie 
ver li ttle from north in its outhern third but near 
the Luema haft it curves gradually westward, and in 
th northern part of the ilver poon mine it tri.k 
N. 25° W. The fault zone range from 4 to 40 feet 
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in thickness, and the position of roo t intense fiss~
ing varies, being on the west side of the fault z~ne ~n 
the outhern part of the Luema and on the east Idem 
th ilver poon. 

Near the Winnie haft the displacement is 140 feet 
downward to the ea t· 700 feet to the north it ha 

I • 

increased to 200 feet. The east wall in the Winme 
ground is cut by three branch fissures or faults of 
northea tward trend with down throw to the northwest. 
The increase in displacement along the main fault is 
evidently accounted for by the e branch faults. Along 
all of them replacement (blanket) ore bodies in the 
lower part of the White lim tone have been_ min~d. 
Two of these ore bodies connect with the roam vem. 
At the north enrl of the Winnie mine the vein is said 
to be offset a short distance by a minor postmineral 
fault of east-northeasterly trend. 

The character of this fault in the Luema and Silver 
Spoon mines is represented by Figures 104-107. At 
the Luema shaft the displacement ba changed to 50 
feet downward on the west. A minor northeast vein 
is present a short distance to the east above the third 
level, but the amount of faulting along it could not be 
determined. Near the Silver Spoon shaft the displace
ment on the main vein is 90 feet, still downward on the 
west, but is compensated by displacement along a paral
lel vein on the east, which has been followed only a 
short distance. About 700 feet north of the Silver 
Spoonshaftamineralized branch fault of east-northeast
erly trend has been cut on the fifth level. It is similar 
to the eastward branch faults in the Winnie mine but 
has been exposed only between granite and Cambrian 
quartzite, where it is not productive. Its intersection 
with the White limestone has not been prospected. 
This branch fault dips steeply northward, and its dip 
slip is about 30 feet downward on the north. About 
300 feet farther north two similar branch faults of 
more northeastward trend and less displacement are 
cut on the fifth level. Beyond these faults the main 
fault either dies out in a number of fissures or changes 
its down slip to east again . . At the northernmost work
ings, reached through the Silver Spoon tunnel, the strata 
lie in an ea tward monoclinal fold, along which there 
may be some faulting, as shown in Figure 106. 

The diminution of slip along the main fault in the 
Silver Spoon mine is compensated by the northward 
down slips along the eastward branch faults. This 
relation suggests that differences in amount of slip all 
along the main fault may be due to compensating slips 
along branch faults that have not been exposed. As 
exploration has been largely confined to the productive 
part of a main vein and the short veins to the east, 
there may be more branch faults than have thus far 
been discovered. The importance of branch faults as 
guides to prospecting in the limestone is obvious. 
All the branch faults exposed are on the east side of 
the main fault and may be confined to that side; but 

the we t id has not be n xplored, and tho rather 
rapid changes in altitude of the boundari~ of the 

ambrian quartzite sugge t the pr once of similar 
faults on the west side also, as indicat din Figure 107 

MIN OR FAULTS IN THE RESURRECTION MINE 

A group of nearly parallel mineraliz d faults with 
north-northea terly tr nd and dip slip of 10 to 40 
fe t connects upward with the blanket ore bodies in 
Blue lim tone in the Resurrection mine. They ter
minate upward against the "Weber shale ,"which 
were too flexible to be ruptured by the faulting. They 
have been littl explored, and it is not known whether 
or not there is appreciable displacement along all of 
them. The one that i b t exposed i cut by the Yak 
tunnel and bas a small down slip to th east. These 
minor faults are in alinem nt' ith a branch fault that 
extends northea tward from the il nt Friend faul t. 

SILENT FRIEND FAULT 

The iJent Friend fault trikes N. 6°- 10° W. and 
dips 60°-70° W. It is exposed in the ilent Friend 
and Howard workings and in the Yak tunnel. In the 
Yak tunnel the down lip is about 60 feet to the west. 
The fault ha not been explor d sou th of the Yak 
tunnel but evidently forms the ea. t boundary of the 
Ollie Reed rna of agglomerat , a hown in lhe 
Howard workings. Farther south its probable con
tinuation i followed for 400 f et by the Nevada tun
nel , where its dip i 70° E. and i down lip ha also 
changed to the east. till farther south it reach · 
the Colorado Prine reverse fault and the Ball Moun
tain fault, but its r elation to both of th mare ob cure. 

In the Nevada tunnel the fault zone consi ts prin
cipally of breccia containing fragmen of quartzi te, 
porphyry, and other rocks embedded in a rhyolitic 
matrix and evidently represen a dikelik offshoot 
from the aaglomerate mass to the north. It is·aJso 
occupied by a vein 2 to 3 fe et thick hich was mined 
nearly the whole length of the tunnel. The vein ·. 
older than the agglomerate, which li on the e t side 
of the vein most of the way but cro to the wec;t 
side at a few place . The br ccia i also found in a 
prospect hole 300 feet north of the tunnel.. . 

The Howard shaft was sunk 755 feet entirely lD 

agglomerate, and the fault wa cut by an east drift 
from it at a depth of 450 feet . The fault here was 
found to dip 60° W. and to contain a black elv~e 
full of fragments of White porphyry. Between this 
and another fault plane with black elvage broken 
coaTSe-gra.ined granite was found. A raise along the 
main selvage disclosed many fragments of sulphide ore. 

In the Yak tunnel the fault dips 70° W. and con
' tains a vein of sulphide ore that has been explored 
I both northward and southward. The entire fault 

I zone here is 40 feet wide. It consists of an outer 

I 
zone of broken material averaging about 18 feet. in 
width on each side of the vein filling . The filling 
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terial consist of sulphide ore with more or le s 
~landing, bounded on the west side by a well-marked 
s:lvage. There are indications of considerable move
ment subsequent to deposition of the ore. 

This vein is reported to have been worked upward 

85 
far as the workings of the Silent Friend mine, but 

these working were not accessible at the time of 
Irving's and Loughlin's visits. 

MODOC, GARBUTT, AND IBEX FAULTS 

The Modoc fault and vein have been developed in 
the Modoc, Donovan, and Elk mines, in the lower 
northwest part of Ball Mountain , east of the Ibex 
mine. The faul ex tend S. 73° W. from the Colo-

the nor th by the Modoc fault and on the west by the 
Garbutt fau lt has dropped, n.s indicated diagrammati
cally in Figure 2 . 

The Garbutt vein ha been worked nor thward and 
southward from the Garbutt shaft down to the Ibex 
thirteenth level. On the lowest levels it occupies a 
fault fissure with eastward dip along which porphyry 
and Cambrian " transition shale " on the east lie op
po ite Cambrian quartzite on the we t. The amount 
of dip lip may be as much a 200 feet, but, as shown 
in Figure 29 , it can not be closely estimated owing to 
intru ions of Gray porphyry and the absence of)im e
stone in working on the east side of the fault. The 
ea twa.rd dip continues up to the thirteenth level (alti-

FlOUR .-Di gram r presenting depression of blocks bounded by the Modoc, Garbutt, and Ibex o. 4 fau lts 

rado Prin fault f r 900 I et but ha not been followed 
anyfarth r . I t dip teeply ou thward and ha a dip 
lip of 00 fe t dO\ nward on th th outh . I t form 

part of the north boundar of the larg depr ed 
fault block that on titute th \ e t half of Ball 
Mountain. I t has not been followed into the Ib x 
workings, but its po ition at th bottom of th Elk 
haft i in lin with and at about th arne alti tude 

(10, 90 feet ) as v in No . 14 on th e venth le el of 
the Ibex (10,900 f t), east of haft No.4. ( e pl. 57.) 
No displacem nt nearly a great a that along the 
Modoc fault ha b en recognized toward the we t 
l~ough the Ibex ground but there i a con iderable 
displacemen t along the Gn.rbutt fault, which houll 
meet the No. 14 ein ea t of the Ibex No . 4 haft. 
It is therefore probable that a local block bounded on 

tude 10 670 fe t) , where the vein pinches and assumes 
' a horizontal po ition for a few fe t westward before 

continuing upward with a we tern dip. Only the 
low r part of the v in i diagrammaticnlly repre en ted 
in Fi<Yure 2 . The upper par t of the v in also fills a 
fault fi. sure, but the amount of dip slip along it has not 
b en clo el d termin d, a the acce ible pa,rts of it, 
ho' ing porphyryfnulted against " Weber grits" do not 

p rmit correlation of bed in the opposite wall . The 
ac es ible working expo e only Weber (~) formation , 
Gray porphyry, Cambrian hale and quar tzite, and pre
Cambrian granite. No lime tone has been reported 
from n.ny part of the Garbutt workings, and the geo
logic tructure i ther fore ob cure. 

The Ib ex No. 4 vein occupies another large fault, 
\vhich apparently curves as ugge ted on Plates 27 



84 GEOLOGY AND ORE DEPO IT OF LEAD\ l LLE MI I G DI TlH T OL llADO 

and 57. The fault form the north and ea t ide of a 
econd local depre sed block and i therefore quiva

lent to the combined Modoc and Garbutt faults. ( ee 
fig. 2 .) The di placem nt i about 600 f et along i 
northwestern par t, near theW ton fau lt; thi i more 

NW. 

0 100 

than 20 feet, but alth ugh c n idorable time was 
d otod by Irving to the tudy of th mine, the data 
obtained did not uffi · to afford a ati factory inter. 
pretation of the tru tur . v ral f these minor 
fault ar ep rev 1 e faults. The principal move. 

.. 

7~lW19,... 
.!!..lQ9. 
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FIG URE 29.- Scction N . i0° W. through Garbutt shaft, showing raulting along Garbutt and l bex No.4 veins. bl, Blue limestone; pq, Parting quartzite; wl, 
White limestone; s, " Transition shale" ; £q, Cambrian quartzite 

than that along its southern part, and tbe difference 
may be due to a minor fault or group of faults that con
nect its northwestern part with the Modoc fault. Plate 
57 shows many ·but probably not all of the veins in the 
Ibex ground. Minor faulting has occurred along sev
eral of these veins, and the average slip is probably 

ment evidently took place along the Modoc, Garbutt. 
1 and Ibex No. 4 faults and resulted in the relative 

depr sion of two lateral blocks with r espect to 11 cen· 
, tral wedge-shaped block; but all three blocks nnd the 

ground north of them are completely di ected by 
minor faults , many of which terminate upward at the 



TRUCT RE 85 
ba 0 of theW eber ( ?) formation or at lower hal: bed . 
The two ·mall depres ed blocl· form part of the great 
depr ed blo k that extend outhward to th Iowa 
Gulch fault. Although there are many hallow haf 
and pro pect pi on the urface of this gr at block 
they are all in " W eb er grit " and Gray porphyry nd 
afford little opportunity to interpret the geologic truc
ture. Thi i the 1 ast understood part of th e L ead
vi lle di trict. 

BALL MOUNTAIN FAULT 

The Ball Mountain fault wa originally mapp d by 
Emmons to include the ilent Fri end fault, which at 
that tim e was not known to b e mineraliz d. In view of 
the premineral ag of the il ent Fri end fault and the 
relat.ively mall and var_ ing amount of displac m ent 
along it, it is eparately de crib cl (pp. 2- 3). What 
i here recogniz d as the Ball Mountain fault extends 
outhward from the jun tion of the Modoc and Colo

rado Prine fauJ . Between the Modoc fault and 
t.he ummi t of Ball Mountain th Ball Moun tain fault 
plit into two or mor member~ , along each of which 

there ha been co n iderabl e displacement, and it is 
difficult, from urfa e ob r vations alone, to di tingui h 
th c memb r from the outh rn part of th ilen t 
Friend fault an d th e ou th -a tern part of the olorado 
Prince fault. ( ee pl. 57.) 

The Ball Moun tain fault has not been cut by mine 
workin!!S an d i ther efore one f the lea -known fault 1 

of the di trict. It forms th ea t boundary of th e great 
depre eel block hat uod rli e th w t lope of Ball 
Mountain, and i t mu t th r efore be coon cted with 
the Modo fault, which forms part of the north b und
ary. th M odo fault i of pr mineral age, the 
Ball Mountain fnult may b al o, bu t no evidence of 
minera.lizat:,ion along thi fa ult ha b een r e port d , and 
the po ibility of po tmioeral movement along it mu t 
he consid r•>,d. I la ification , like that of th par t 
of th W t n fault that f rrn th we boundary of 

1 
th d pr d b l k mu t:, .thcr f r b left in d ubt. 

Th f th fault v r the ummit of 
a Lrik f . 2 °-30° E. and 

a dip of 50° W. u t 1,500 f t n r tln c t f the 
ummit a dra d bl k in th fau lt z u · mark d 

by an outcrop f Blu lim ton . Th total dip lip 
in Lhi vici nit i about 2 000 f t, ' h er 1 . e to 
tJ1o Modo faul t it i n ar r 1 00 f t . 

FarLh r outh, to' ard I wa ul h , the fault , a 
mapp d b Emm n (pl. 11 ) urve to a. outhward 
cour as fnr a th ummi of L no- & Derr Hill , 
whor it nd again t th Mo quito fault. outh f 
its junct:,ion ' ith the Io, a fault it di pla emcnt i 
downward on th a t. 

OTHER FAULTS 

Ahhough other faul and fi ur b lono- to thi 
group, none ar w 11 nouo-h known or laro- nouo-h 
to be de cribed in any cl tail h re. Plate 57 how 

some we t of the We ton fault, but the working th re 
are too mall and few to o-ive an accurate idea of their 
number. It i r epor ted that the unday vein, in the 
sou thwe tern part of Ball Mountain, occupie a fau lt 
fis ·ure which trend about S. 20° W ., approximately 
parall el to the Garbu tt fault , and i in line with the 

nion fault, which li es outh of Iowa Gulch. The 
Union fault, how ever , has b e n regarded a a po t
min ral fault, and it i not known whether th o miner-
alized fi ure be we n th nion and Weston faul t 
are acce ory to the Weston fault or were formed 
sub equently . The sam que tion may be rai ed 
r egardi no- the mineealized fi ure in th L ondon min , 
althouo-h their po it ion, favor their interpr tation a 
acce ory to the L ondon fault. The trend of the long 
ore hoots in Iron Hill , parallel to the ord fi sure, 
. ugge ts that other mineralized .6 ure may be pre -
en t beneath them; bu t none of con iderahle ext nt 
have been proved. Other mineralized fra tures in 
the vici nity of the "bht.nket" ore bodi in limestone 
in the w tern part of th e di trict ar numerous but 
can not be definitely correlat d with either th group 
of fi ure und r consideration or with fi ure of earli er 
ongm. 

FAULT FORMED UB E QUENT TO ORE DE PO ITIO 

GENERAL FEATURES 

Wi th the excep tion of the Mik , W too, and L on
don faul ts and the nor thern par t of th Mo quito 
fault, the large t and roo t con picuou fault of the 
t·egion ar of po t.mineral age. As faul ting ha taken 
pla e at different times in th r egion, a fe, of the 
faul ts may repr nt rene" eel movement along old 
urface bu th ir pr(! mineoce i due to postmineral 

mov inent. Faults of thi cia in the we tern par t 
of the eli trice ha b en more thoroughly ex plored 
than any oth r , and mov ment along them ha been 
almo t wh llv alono- their dip for th ore b di ha e 
been only lightly off t by them along their trike. 
For the mo t part th y trike ea t of north and clip 
' t . With th ex ep tion of the nor thern part of the 
Mikado faul t, tho e havino- markedly differen t trike 
or eli p are a uxiliary fa ul though a few of th m ar of 
on iderabl ize and a1·e clue to differ enti al uplift of 

interfault blo ks. E ver y fault of con iclerable ize i 
real! a fault zone characterized by parallel lip and 
m·u hed matm·ial , and in th D o' ntown and Iron Hill 
area major and minor faul are o in timately con
n ct cl that they form !!roup , which are known a 
th P ncl r y- and Iron-Mikado groups. The e group 
may b r garded fault zoo of uou ual width. 

Mov m nt along the po tmineral fault has taken 
place atint rval until the pre ent time. The principal 
mov ment o CUIT d during the main uplift of the Mo -
quito Range, in mid-Tertiary time. Minor nbsequent 
mov meoti indicated by faulting of rhyolitic agglom-
rat , ' lake bed ," oxidized ore, " wa h ," and mine 
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working The evid nee in the agglom rat bodi 
l a t onvincing. The e bodies ar ounger than th 
ore bodie and fill certain fault :fis ure in the ea tern 
part of the area. Mo t of th e fault , howe er , ' er e 
formed prior to ore depo ition and may have b ~n 
reopened and filled wi th agglom rate b fore the mam 
period of postmineral faulting. The faulting of the 
uaglom rate, th r efore, may hav ei th r preceded, 
coincided with, or follow ed th e main po tmineral move
ment. In th e Miner Boy tunnel , on the north lope 
of Breece Hill, a dike of agglomerate filling th fi ure 
of th e Colorado Prin e r ever e fault has b en off t by 
a minor auxiliary cro faul t a a r ult of r enewed 
movem nt along the main fault. The agglom rate 
it elf is heeted , and a elvage ha b een de eloped 
between i t and walls of the main fault. This r newed 
movement may have taken place at any time ince 
th forma tion of th r everse fault . 

F aul ti ng ince the depo ition of the " lake b ds" i 
either proved or trongly ugg ted at a numb er of 
places in the Down town area and also at Graham P ark. 
In the Revenu e shaft the " lake beds" a1· clea1·ly 
faulted. In th e Hib chle mine Emmon fouud the 
" lake b ed " ending abruptly again t a fault surfac e to 
which fault breccia wa clinging. H e d crib d more 
convincing evidence in th Elk and Walco tt min a 
follows: 18 

A drift across the Pendery fault, run westward from the Elk 
shaft at about 220 feet below the surface, has fu rnish d data 
with regard to t hat faul t that have so important a general bear
ing that they will be given in some detail. Toward the fault 
the Gray porphyry has been scored off, and the limestone and 
ore lie immediately beneath the wa fh. The drift on CI:ossing 
the fault pa ses th rough limestone into brown clayey lake
bed material, which hows ome heeting parallel to the fault 
plane. Against the limestone, which· forms the ea t wall , stand
ing at an angle of 62°, there still rests a thin clay seam, in 
places black; at others a White porphyry clay containing frag
ments of chert, of such a nature that it could not have stood 
again tan original cliff. It is thus proved that there mu t have 
been mo\'ement on the plane of this fa ult since the lake-bed 
material to the west of it was deposited. Further evidence is 
offered by t he record of a drill hole, sunk from the same drift 
160 feet west of the fa ult, which went through 7 feet of lake
bed material before reaching White porphyry in i normal 
po ition above the Blue limestone. On the east side of he 
fault t here is 30 to 50 feet of rock above this drift before the 
wash is reached, so that we have a sudden deepening of the 
rock surface to t he west of the fault of over 100 feet, much, if 
not all, of which difference in level may be attributed to move
ment on the fault plane since the lake beds were deposited . 

* * * 
As shown in section IV [pl. 1 ], the [Walcott] o. 2 shaft was 

sunk in wash and lake beds jus t west of the faul t, and the pro
nounced difference of level between the rock surface on either 
side of the fault affords additional evidence of movement on the 
fault plane since the deposition of the lake beds, though as the 
depth of this surface west of the fault has not been determined, 
its actual amount remains uncertain. 

At several places along the Pendery fault group 
and at one each along the Mikado and Dome faults 

18 U. S. Oeol. Survey Dull . 320, pp . 40 , 41, 1007. 

th abrupt hange in altitud f th b drock urfac 
on ppo ite ides oft\ fault trongly indi at faulti ng~ 
Mine workings so rar ly nter the " lak 1 ds" thatit 
can not bed finitely det rmin d whCLh r this faultinP 
tool place prior or sub qu nt to th d po ition 0( 

th. " lake b d , " but in the ligh of the evid nee just 
ci ted at l a t part of th faulting i b lieved to have 
b en ub quent, a ho' n in h tion on Plate 
1 . imilar condition ar ugg st d in s ction A-A' 
Plat 20. If thi i olat cl d po it of " lak bed " at 
Graham Park wa one nt inuous with th main da
posi t to the w t onsid erabl faulting a companied 
by lil t ing of th local fault bl ck must have taken 
place ince th ir depo i tion. 

The rock urfac on oppo i t ides of the Dome 
fault ha b n di los d in th Reinde r mino and al 0 

in the we Lward workings from th 
hown in Figure 33. \ di tin t 
en t d by an uplifLing f the a ern wall of the Dome 

fault, ' a h re defini tely d termin d . informa. 
t ion was available, how v r, a to th r lative thick
ne of h " lake b d " and the ov rly ing and more 
recent alacial morain , o t hat th amount of move
ment can not b d finitely d t rmin d fl.t Lhi point. 
If videnc from th n ar . t adjoinina haft is con· 
sid er d, it eem that the faul t ing hat ha occurred 
ub equ nt to th d p ition of th lak bed "ao-

grcgates about 200 fe . 
o trikina illu tration of faulted oxi dized ore can 

be cit d by th writers, bu i t i repor t d that zinc 
carbonate or have b e n bro cia t din the vicinity 
of fault . The "wa h, " the late t of th uperficia\ 
depo its, ho' an abrup t up urn on Lh a t ide of 
the il e fault, which i attributed to li ght renewed 
faulting in recent tim . M or r cn t till i the \iuht 
displacem n t that ha o curr din the alifornia tunnel 
noted b Emmon 19 wh r bv th Limb ring along the 
first 5 5 feet of the tunn l on th we t id of the 
P endery fault ha been til t d 5° w 
original vertical po ition. 

Th better-known po tmineral faul ar d ·cribed 
in order from we t to t. Oth e , like the "hypo
thetical" fault which i indicat d by drill data near 
the west edg of the L ad ville district, and the Louise 
fault, which i expo ed only in the Loui e mine be
neath outh E van Gulch, are indicat d on the geo
logic map but do not requir eparate d cription · 
The map also show conn ction o intimate among 
faults in the Downtown area and al o in the Iron Hill 
area that the e faults are be t de cribed in groups. 

CLOUD CITY AND VALENTINE FAULTS 

The Cloud City fault, the westernmo t fault of which 
there is any definite knowledge i:n the Leadville di · 
trict, is a minor displacement lying about 1, 00 feet 
west of the main Pendery fault. ·It dips 65°- 75° W. 

ltU. S. Oeol. Survey M on. 12, p. 413. 18 6. 
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Th fault is develop din the Bohn, Cloud City, ixth 
e t and Coronado mine . It trend northeastward tree , 

from the Cloud City as far as the Coronado haft, 
where it split into a number of branches, each of 

h. h clies out within a short distance. outhward W !C 
from the Cloud City mine it heads n arly due south 
and dies out before pa ing completely aero the Bohn 
workings. 

Another fault has been di cover d _in t~ ~ork~gs 
of the alentine mine. Thi fault he m lme With 
the Cloud City fault, and although the two ar~ n~t 

unected by any recognizable di placement, It IS 
c~obable that they li along the arne general line of 
:upture. The dip lip where me~a urable on the Cloud 
Cit.v fault ranges from 70 to 16<:~ feet. 

PENDERY FAULT GROUP 

The P ndery fault group lie along he ea t bound
ary of the city of Leadvill and xtend northw~d 
and outhward beyond the limits of the LeadVIlle 
di trict being known for a distance of 4 mile . _It 
ha a general N. 20° E. trend and appears to conslSt 
of a single fault at the north and also at the ou~h 
boundary of the area but splits into everal fault m 
the Downtown district. The fracture of greate t 
length and throw is the P endery fault itself. Its throw 
i 400 to 50 fe t in the northern part of the area. 
In the central part the throw along the P endery fault 
is only 200 f et but the aggregate throw· of the whole 
group is 900 feet. In the outhern part the throw on 
the Pendery fault alon increases to 1,200 and perhap 
to 2,000 feet (pl. 15, ection G-G'). Thi fault is n?r- 1 
mal throughout and dip 50°-75° W. 'l'oward the mid
dle of its cou1 e the Pendery fault and its as ociated 
minor fault have been exten ively explored, and the 1 

aggregate clisplacemen t, along !ihem is shown in Plate 41. 
Movem n alon()' !ih faults have been mo tly along 
the dip· the lrik lip indi at db off tore bodie , 
is rcry mall. Th bloc b t\ n fault , how v r, 
are on iderabl di tort rl , al!ihough !ihe mo t con pic
uou eli t rtion i a mon linal fold that lie ab u!i 
whcr a down-fa ult d on!iinuati n of the Tucson
Maid r r f11.ul!i would be xp ct d. Other di tor-

. tion ar nttribut d to cliff r nt.ial uplift along the 
Pendery fault gr up, and the mor pronoun d of 
themmaypro e nfurth r ·ploration to b as o iat d 
with trau v r auxiliary faulL . Th curva!iur of 
the fault th ms lv ug()' th further adju tment 
of lhe int rfaul!i blocks alon()' bedding faul which 
can not, be r pr anted in Plate 41. A nothing 
trikina]y diff rent from the da!ia obtained by Emmon 

up to 1907 has been found along the e faults, hi 
descriptions in the Downtown bulletin with minor 
changes are giv n below.20 

PENDEJRY FAULT 

The P endery fault, is one of the great, fault of the 
region. I ts throw at each end where it i a ingle 
fault, is 1,000 to 1,200 feet, which i probably a maxi
mum. Between the Can and Walcott No . 2 hafts 
the throw indicated on the Pendery fault i variable, 
because its movement i distributed on a number of 
minorfault plane . Th e number of the e minor faults 
is greatest in the vicinity of the parallel 39° 16', where, 
a. may be ob erved, the outcrop of the Pendery fault 
has a marked reentering curve to the west. 

In such a reentering curve on th Iron fault the 
throw is al o found to be di tributed on a number of 
minor fault planes or step fault . Both of th se re
enterin()' curves are at or near the inter ectiou of !ihe 
P ender; and Iron faults with the Tuc on-Maid 
reverse fault. 

CARBO ' ATE FA U LT 

The Carbonate fault may be con ider d a ' one of 
the minor faults of the PenderJ' group. Betwe n the 
Carbonate and Aetna mines it has a throw of 250 to 
300 feet, but the amount of throw decrea toward 
the north to such an extent that it can not be traced 
continuously. What i as umed to be its continuation 
was found at about 175 feet west of the Harker haft, 
where its movement i reversed, its downthrow being 
eastward and di placement not over 50 feet . Beyond 
that it ha not been proved, and it may not extend 
much farther as a continuous plane of movem nt, 
thouo-h other small faults are known to exist in the tray 
Hor ~Gulch depression . To the outh it i repr en ted 
as connecting with the Pendery fault by a harp bend 
we tward. The exi tence of thi bend has not been 
proved but i a umed a the mo t probable olutio_n 
of the fac ob erved in the ad joining mine . It lS 
po ible that the fault continue more dir ctly outh 
and gradually di ou . Fault of mall throw are 
mor hk ly to have a mall longitudinal xtent, and 
it i probabl that there are other faul of mall throw 
in the r <Yion to h outh on which uch movement 
has been di tributed. One uch fault with a throw of 
about 150 feet ha been cut just ea t of the Toledo 

venue haft in California Gulch which can not be 
urely conn ct d with any oth r , though it is probably 

the am on truck by th R evenu haft benea h the 
me a south of Ca.hfornia. Gulch. mall fault of l 
than 100 feet throw were found al o in th Modoc and 
The pian ground, under the top of Carbonate Hill. 

In the tar Consolidated mine, outhwest of the 
Evening tar No . 5 shaf t, a w t cro scut on the 
10 320-foot level in Gray porphyry ha penetrated a 
br~ad zone of shattered rock where the junction of the 
Carbonate and Wildcat fault i calculated to be. Thi 
and other structural evidenc in the vicini ty verifie 
section V Plat.e 1 . 
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"JLES FAULT 

The il fault o nnm d becau e it wa b t ho vn 
in a drift from the ilc hnft. i interm diate bet\ n 
the Carbonate and Pendery f~ults. Toward th north 
it was cut in the Bu keye Belle and Jolly working~, 
but it ha not b n proved farth r n rth, \ her tt 
probably pn ses into n light fold. I ts suppo ed con
tinuation outhward pa se into th t. Mary, Wa h
burn , and upp r W ldon ground. That it conne ~ 
with the Pendery fault, as indicated on the map, 1 

no t proved. 
WILDCAT FAULTS 

Curving faults in the Wildcat ground indicat d on 
the map a connecting the arbonate, iles, and 
Pendery faults , have not been determined by ob erva
tion, as they are in ground which wa inacco sib] at 
the time of vi it. They are given a the mo t prob
able explanation of the r lative po ition of the different 
formation a deduced from oral information. 

BISON FAULT 

The Bi on fault , indicated on the map, i hown 
only in the workings of the Bi on mine. Its indicat d 
connection at eacll. end with the P nd ry fault i a -
umed, not observed. It ha a normal westerly dip 

and is cut by the haft and also by the drifts of the 
mine to t.he we t of the haft. There i another fault 
shown by the c workings that ha a reverse or ea t
erly dip, o that the w dge-shaped block of ground 
included between this and the Pendery fault ha 
dropped in tend of being uplifted. It i indicated a a 
cro fault between the Bi on and Pendery faults. 11 
the complication of tructure di clo ed by the work
ing of the Bison mine could not be indicated on the 
present cale of drawing (pl. 1 , section ), nor were 
the workings them elve sufficiently exten ive at the 
time of v i it to admit f their being fully worked ut 
and explained. 

WELDO FA LT 

The Weldon fault, o named becau e it movement 
apparently reache a maximum in the Weldon mine, 
is of a rather common type and may be called a mono
clinal fold fault, a it belongs to a cla of faults 
that u ually pa in to a monoclinal fold t each end. 
They are generally of mall throw-in the Weldon not 
over 100 f et--ancl tand at rather steeper angles 
than the other normal faults; hence if they extend 
far enough in depth they will probably join the main 
fault a is hown in ection X (pl. 1 ) . Thi i , however, 
a theoretical deduction not proved by observation, 
and it i pos ible that their vertical extent is as sligh t 
as the horizontal has proved to be; hen~e, in the sec
tion , many of these faults have not been represented 
as continuing up to the rock surface. South of the 
Weldon mine the Weldon fault has been observed in 
the Midland and P . 0. . ground with very much di-

minished throw. Farth r north it wn eon in th 
p nder , Gra Eagle, and Bi on ar a , but whether i~ 
xtend to a coun tion with he P ncl ry ftllllt in the 

Mida <Yround wa not d tormin d. th r fold fnul 
of compt rativ ly mall ext nt hn.vo b en ob crved 
whi h nre not indi at d on h urfn map, and some 
of th e lo not cro th plane of th ection . In these 
th throw i but }iCYh t n.nd th fold i no traceable for 
any on icl rable longitudinal · t nt. 

TOLEDO FAULT 

The xteut and maCYnitud of th 'f l do faul t are 
not definit ly known. It lie on th outhwe t lope 
of arbonnto Hill within th fault hlo k b tw een the 
P endorv nod Iron fault zon . I wa eli OYered in 
tho T;lcdo vcnu hnft and i nl o f ·un I in the 
Mod t Girl haft. By detail d tudy on the urface 
bed and in pro pe t thi fault hn b on tra d outh
ward from the 'l'ol do A nu hnft aero tho bed of 

alifornia Gul h and in a dir ti n lightly we t of 
the R vonu . 1 haft, until it b om concealed 
b n ath " wa h" and " lak b cl ." It may al o extend 
f!U'th r northea t thnn it hn b n map 1 eel, but it can 
not b trac din tho ar a of Whit porphyry on ar
bonnt Hill. It strik i directly to \ arc! the \loll
ton mine. rtain light eli pla m n t tha t cxi lin 
that min may indicate a continuation of thi fault. 
It i eli tinctly a min r fault, but it parall li m to the 
neighboring part of the P odor fault whi h trends 
aboutN . 25°E.,app ar oiodi at thntitwa formed 
at th sam time a the major faul . 

IRON-MIKADO GROUP 

The Dome Iron , and Mikado fault.· ar eparated 
from th Pend r ar up on th ' and tho Mike 
fault on the ca t by broad area in which on! · minor 

I 
fault ar pre ent. T.hcy li o lo tog ther throuah 
mo>'t of their our. tha h. mny prop d y be con

idored membe1 f a zon f gr at di pia ment, 
which a a whole ha a near] ~ north- outh dir tion. 
In detail how ver th ir trend alt rnate from north
northea t to nort,h-northwe , th two d minan di
rection of faul tin()' in the eli tri t. 

At the outh edge of the Leadvill di trict the 
Dome and Iron fault are connected by the Emmet 
an oblique cro fault ; at th north end of th zone 
the Mikado and Iron fault! div rge wid ly from each 
other. A the e faul ts are of steep dip th irregu
larity of their course along th b drock urfac i due 
only in light mea ure to th top graphic relief nod 
totheextremelywarped urfa e alongwhi hthcfault
ing has taken place. The name Iron faul t and Dome 
faul t were applied in the Leadville monograph and are 
therefore retained with their original meanina. The 
Mikado fault has been discover d ince that time by 
extensive underground exploration. There is ome 
question as to whether the Dome fault is in r ality a 
separate fault. It might as justly have been con id-
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red the outhward extension of the Iron fault a the 
~ortion so indicated. The principal transverse a ux
ilinry faults are the Adelaide, lster, ewton. Moyer, 
and Goodell. 

IRON FAULT 

The Iron fault i about 3.2 mile. long. It appar
ently dies out at both end , although it serves a a 
terminus for ventl other faults. The geologic true
tore north of Evan Gulch, which i not thoroughly 
known (pl. 14, ection - 1 prime), ugges that the 
Iron fault may terminate northward again t the We
ton fault but the di placement alona both faults dimin
ishes northward, and a dying out of both i equally 
probable. On the outh a] o it termination is unknown, 
as it pa e ben ath a heavy capping of "wash ., and 
"lake bed ' that cover th w t slope of Dome Hill. 
Along its com· e through the Leadville eli trict it is more 
exton i1ely explored than any other fault in the region, 
oiliatit important£ ature canbede cribedwithcor
r "pondingly gr at accuracy. It can not be d t cted 
at the urfa e, a it i everywh re covered by a deep 
manti of "wa h" and " lake beds.' 

The south rnmost indication of the fault i the di
crepancy in the altitude of the formation cut in the 
Coon \ all y and Bessie Wilgus hafts. Similar evi
dence i given by th Columbia o. 2 and Keno hafts, 
1,000 feet o th north. From the ou th edge of the 
Leadville eli trict the fault run nearly due north to 
California Gulch and then wings to the northea t . 
It is probably omplicated beneath California Gulch 
by ma.ny additional cro and parallel faults which are 
not ufficiently explored to be mapped. Continuing 
northward, it i cut by th Yak tunnel and by the 
maze of underground workings which lie beneath the 
w t lope of Iron Hill ( ection A- 1 to D-D 1

, pl. 23; 
E-E1

, pl. 24) . Beyond the north Iron incline it i not 
cut in an ' bu t th od£.sh Ball haft but i po ttlon 
is clearly indical d by the f w i lat d de p haf 
and by oth r hall w r pi that eli lo he di cr p
anci in po ition of th veral formations. From 
the umb rland haft n rthwnrd for 1,500 fe t the 
fault ha n p n trat d b haft , drif , and dia
mond-drill hoi and en follo\ d by inclin d ha.f , 
o that i f atur are kn wn with great xactne to 

depths of mor than 900 f t . t 1 600 feet north of 
the Mikado mine it i cut in the Fairplay and Hard 
Cash hafts, but th nc northward it i cut only by 
~he Pnwnolo shaft, though i approximate po ition 
IS hown by eli crepanci in th formation cut in the 
many haft on th north lop of Yankee Hill. Th 
Pawuolo haft, on th north id of Evan Gul h is 
b lieved to have cut the fault when it pa eel through 
16 feet of cru h d material. Beyond thi point the 
bedrock is deeply buried beneath glacial depo its, and 
l1 ttle i known of the structure. 

The fault dip to the we t, but owing to the irreg
ular curvature of the fault fi sure its altitude varie 

99271- 27t-

from point to point, a shown in Figure 30. At the 
south edge of the Leadville district the dip i approx
imately 60°, in the Yak tunne161 ° 45', in the McKeon 
mine 50°, an.d in the R. A. M. 62°; it probably aver
ages about 60°. In the middle portion of Iron Hill, 
where the fault makes a sharp embayment toward 
the east, the angle of dip become le townrd the sur
face. Minor curvature on the dip are hown in 
ection on Plate 14-1 and 23- 26. 

Bismard< 

FIGURE 30.- Diagram showing outcrop of froo fault and its intersection with a 
horizontal plane at no altitude of 10,000 feet 

The displacement along th outhwe tern part of 
Iron Hill, where the fault is mo t irregular and is well 
explored, i distributed on everal :fis ures. In the 
Yak tunnel there are eight or more, but any additional 
:fi ure ea t of tho e recognized are expo eel only with
in the White porphyry, where the eli placement can 
not be mea ur d. The e faults cut off the angular 
block of ground on the north side of the junction of 
the Iron and Dome faults. The sharp eastward reen
trant curve of the main fault, clo e by its inter ection 
with the Tucson-Maid revel e fault on the west slope 
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of Iron Hill, ha be _n exposed in detail by min work
ings, and at least seven auxiliary fn.ults ha been 
found (pl. 24 , section E- E' ). The faults are par
all 1, with we tward dip, and drop the strata' estward 
in a eri of teps, but the interfault blocks are much 
distorted. In plan the minor faults apperu· to end 
again t the r ntrant curve of the main fault, but 
their exact limit are not de:finitelv known. They are 
well exposed in the workings of the McKeon, Star of 
the We t, and Satellite. mine . The westernmo t of 
these faults i very likely a outhwarrl continuation of 
the Mika.rlo ffl.ult. 

To the north, where the trike of the Iron fault is 
more regnlnr, the number of :fi sure in this fault zone 
decrea e , and the greate t amount of displacement 

j found n.long . th Mikado fault, whi h branche 
westwarQ. irom th Iron fault. 

The amount. of. trike lip can not be n.ccurately 
m a ur d, but 1 1 not gr at, a hown by the off et 
pa1·ts of the orth Iron or hoot repro n ted in Plates 
22 and 45. Th hoot i a littlo farth r north on the 
we t side of ach fault than it i on the ea L side. As 
the strike of the hoot mak an angl of 4 ° with 
that of the fault zon , th u c ive horizontal 
off t are almo t wholly du to dire t downward 
movement along the dip of the fault . calculation 
a careful a the irregular form of the hoot permits 
indicat a light northward trike slip on the wes1 
ide of each fault. The amount of dip lip is recorded 

in the accompanying table. 

Di p sli p along Iron fault zone 

Locality 
!Number or 

rault Os· 
sures 

Dip slip (east to west) on separate faults (feet) 
Aggregate 
dip slip 
(feet) 

Plate 15, section G-G'--- -- - - ---- ---- -
Plate 15, section F-F' ----------------- -

1 
4 

------------------------------·-----------------------------' 360 
280 

1, 055 
5S4 
905 

Cl J, 460 

40, 40, 40, 160------------------------------- ------- - ---- ----
Plate 26, Yak tunneL _____ ___________ _ 8+ 

5 
7 
1 
1 
1 
1 
1 

115, 17, 20, 15, 45, 12, 11, 2 ____________ ----------------- - - -- --
Plate 23, section B- B' - ---------- ------ ' 4 0, 32 36, 2 ------ - ------ -----. ---- -- -- ------------ ------
Plate 24, section E-E ' _____________ __ _ _ 20, 170,100, 170, 40, 0, 325--------- --- ---------------------·-

No minor faults __ ___ ________ ~ ____ __ __ ____ ._----- ___ --- _____ _ 

1 

Plate 21, section G- G' (R. A.M.) ___ __ _ _ 
Plate 20, section D-D' (R. A.M.) ___ __ _ _ 
Plate 21, section I-I' (R. A. M.) ______ _ _ -Mik"~3~ -i~-ult -t~-k-e~-~-ost-~i tl~~ -eli-j;i~~ -~- ~ t= = = = = = = = = = = = = = = = = = = 

a 1 530 
'600 

Plate 21, section F-F' (R. A.M.) ______ _ 
Plate 21, section J-J' (R. A.M.) _____ __ _ 
Plate 14, section C- C' ________ ___ ___ __ _ 
Plate 14, section B- B' ________________ _ 

1+ 
1+ ~ =; ~ ~~~~~~ ; ~~~~ ~~~~~ ~ ~ = ~ ~ ~ ~ ~: ~: ~ = ~: ~ ~ = ~ ~ ~:: ~ ~ ~ = = ~ ~: ~~ ~:~: : I 

600 
600 
660 
440 

• Mikado and Iron rault.s together. 

The displacement on the main Iron fault is greatest 
slightly to the south of the Mikado working . The 
change in amount of displacement i irregular and 
indicates that the rocks forming tp.e two walls have 
been affected by differential warping and minor fault
ing during and subsequent to the main fault movement. 
The very con iderable amount of movement indicated 
at the points farthest to the north and south at which 
the fault is known shows that it extends con iderably 
farther before entirely disappearing. 

MIKADO FAU LT 

The Mikado fault is traceable for 1. miles within 
the Leadville district and extends beyond Canterbury 
Hill to the north. It is everywhere deeply buried be
neath a heavy mantle of "lake beds," moraine, and 
"wash" and was therefore not discovered and correctly 
correlated until it was reached by the extensive explo
ration in North Iron, East Fryer, and Yankee hills. 
When di covered under East Fryer Hill it was at first 
suppo ed to be a continuation of the Iron fault, and it 
is still so indicated on some of the mine maps. 

From its southern extremity, where it branches 
from the Iron fault on the slope of Iron Hill, its trend 
averages N. 16° E. for 2,300 feet. About midway in 
this portion of the fault is a sharp reentrant curve 

where the fault cross tray Horse ul h. This 
curve i too marked to be wholly due to the westward 
dip of the fault; it is due mainly to variation in strike, 
which wer found in the Allegh ny, henango, and 
Highland Mary mine . Farther on th fault bend 
in a broad curv toward th n rth and northwe t and 
has an average direction of N. 13° W. for a di tanc~ 
of 6,400 feet, to the north limit of the Leadville district. 

The southernmo t expo ure of the fault i in the 
Cumberland haft, which at a depth of 760 feet p 
from the overlying White porphyry, which had been 
moved downward on thew t, into the pre-Cambrian 
granite (section G-G', pl. 21 ) . It i next found in the 
west drift from the Devlin shaft, driven at the 300-foot 
level (section E-E', pl. 20). This drift is repor ted to 
cut the Iron fault 5 feet west of the shaft and then 
to pass through a small quantity of or -bearing" con· 
tact material" into the overlying porphyry and con· 
tinue to the Mikado fault, along which a hort winze 
is sunk. 

Below the level of the west workings from the Dev· 
lin shaft the fault has been explored in the workings 
of the R. A. M. mine (pl. 20, section E-E' ). From 
this point northward the fault has been extensively 
explored in the R. A. M., Mikado, Highland Mary, 
and Shenango mines, not only along the strike but for 
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fully 1,700 f~et downw~rd along the dip,~ hown i~ 
sect.ions A- and E- E , Plate 20, and sectwn F- F , 
I-I and J-,J' , Plate 21 , from the workings of the She
ns;go northward for a di tance of 50 feet the fault 
is indicated only by the depth of the contact between 
White porphyry and Blue lime tone in the workings 
of the Raven, Right Angle, and McCormick mines. 
It is next found in the Allegheny Discovery shaft, 
which cuts one of the parallel slips just west of the 
main fault zone at a depth of 300 feet. 

The fault ha b en cut in the workings of the 
cooper No. 1 haft, which pa es through it at a depth 

of about 125 feet. It i next found between the work
ings of the El Pa o and Chieftain tunnels (fig. 31. ) 
The lower workings from the El Pa o shaft cut the 
westernmo t fi ure of the Mikado fault zone some
where between 50 and 100 f et east of the shaft. The 
rocks in thi vicinity are dragged up abruptly toward 

Fiouu 31.-<:omposite s t ioo through Foropaugh , 

The exten ive exploration along the Mikado fault 
in the mines above noted ha di clo ed very fully the 
remarkabl. irregular curvature of the fis me along 
which tho movement took pla e. The dip varies a 
markedly as the strike, a shown in section, on Plat s 
20 and 21 , e pecially ection B- B', whi h interse ts 
the fault almo t along it trike. The dip of the fault 
rang from 43 ° to 67° W. and avcrag about 60°. 
The dip slip al o varie irr gularl . It is at a maxi
mum in the working of the R. A. M. min ( ection 
E- E', pl. 20 ), where it i 950 f et downward on the 
we t. In the Mikado working~ it is 30 f t . In the 
Scooper it has decrea ed to 4 0 feet. It increa e in 
the Kennebec-Jamie Lee area to 50 f et and decrea 
in the Fitzhugh mine to 595 feet. B yond this point 
it has not been clo ely de termin d. 

The direction and amount of trike slip in the Mi
kado and R. A. M. workings can not be ab olutely 

an be approxi- determined a the number and po ition of developed 
or hoots on oppo ite sides of the fault do not closely 
corr pond. If the outh rn " upper contact" hoot 
on . the w t con pond to the " fir t con tact" hoot 
on th east (pl. 45 ), the west or hanging wall mu t 
have moved nearly 200 f et outhward ; but the 
dragged ore that wa followed down on the fault zone 
indicat a light northward mov m nt and a corre
lation ' ith th north rn shoot on th west id of the 
fnult. Thi light nor thward movement agrees with 
that along the Iron faul , of which the Mikado fault 

edi- may be re()'arded a the nor thern continuation . 
Th fault throughout its cour e i accompani d by 

fewer parallel auxiliary fault than the other widely 
explor d major faults. On such fractur e is developed 
in th R. . M. mine and i known a the R. A. M. 
fault. It ha a onthwe tward trend and diverges 
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from th main fault at a point omowhero near the 
' Mikado haft. It ha a di placom nt of ab ut 

70 f t downward on h w t ide. Oth r parallel 'fh e Ions 
urfa arc ho\ n in tho El Pa o haft, and proba- ing an 

bl th r arc others along tho porti ns of tho f~ult 
that ha>e not afforded opportunity for d ta1led 
examination. 

DOME FA LT 

Along its pas age through tho Graham Park ar ea Iron fault in th 
the 1ikado fault how on both side a pronounc d 
drag. A large quanti t of ulphide ore wa mined in 
the fault zone in th Now Mikado or Young merica 
ground. Thi oc urrenc i illu tratcd in Fio-ure 32 
and section J- J' , Plate 21. r~ rom section J- J' it will 
be se n that till oro form a onnection al ng th 
fault between the ore bodies found at v ral horizon 
in the working~ of tho Old Mi1ado haft on th up
thrown id of the fault and tho ore bodie at imilar 
horizons in the R. . M. mine on tho down thrO\ n 
ide. It does no t, however , ex end abov or b low 

these limit . 

FIGURE 32.- Skctch of portion of flrst level or New Mikado shaft, looking north, 
showing Mikado fault zone. wp, White porphyry 

A ide from abundant corroborative evidence that 
the faulting took place later than ore depo ition, the 
exi tence of ore along the fault on ly b tween the two 
ore mass is conclu ive evidence that it wa clrao-ged 
into the fault and not depo it d in the fis ure b fore 
the faulting took place . tudy of th fault was 
made by F. A. Aicher and G. F. Loughlin in 1919 in 
an effort to find ore of later ao-e, but only dragged-in 
ore was found. The eli tribution of the blanket ore 
bodies, however, and pecially the pre ence of miner
alized fractures of nor thward trend clo e by the fault 
suggest strongly that the Mikado faul t i here nearly 
coincident wit-h an older fi ure zone. 

The fault zone where exposed ranges from 10 to 50 
feet and averag 20 feet in width. It con i t of 
selvage clay, · broken rock, and granulated ore in 
varying proportion. Tough blue clay or " bull hide," 
which owe its color largely to pulverized pyri te, is 
th roo t prominent. The broken rock. which grades 
from olid pieces to loo e gritty and clayey material, 
consists largely of White altered granite and porphyry. 
The sulphide ore, principally pyrite, is in part di em-

hor fault, known a th Emm t, which 
is an auxiliar di pla emcnt due pr lUnably to move
ment along th D m and Iron fault . ouLheast of 
th jun tion with th theEmm tfault th Domefsult 
epa.ra.t th White lim t no n th northen t from 

the overlying Gray and White porphyri on th oulh
we t. The reat 0 ' ullivan haft ut the fault accord
ing to Emmon , but at what d pth i n t known. 

Th fault is al o cut b th Vining unn 1, but no 
definite information r egarding that int r. e Lion i on 
record. The workin!lS of the ioing haft within the 
Blue lime tone beneath the Whit porphyry ar hown 
about midway between the Dome and Iron fault on 
Plate 22. 'l'he e workin!lS hav n ver been ace ible 
to the writ rs, nor are any r ecord of them available. 
Mr. Warren F. Page, how ver, tate that the Dome 
fault wtt cut in the bottom of the Vining haft nod 
that it showed at this poin t a di placement of 600 
feet. 

The next point that how the po ition and char· 
acter of the Dome fault occur in thr e min . the 

ew Dome, equin, and R eindeer. In Figure 33 the 
passage of the fault through the workings of the Do~e 
mine is shown. The fault i likewi e cut by n drift 
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the second lev 1 275 feet east of t.h haft . It 
on pears again at the eighth and ninth level of the 
~~indeer haft, where the br cciated material i 25 

or 30 feet thick . . 
The west workmgs of the New Dome mme, nota bly 

the fu t and second 1 vel , pa from White limestone 
into the fault breccia . There th e White lim tone 
forms a carp 150 f et high, conceal d by ' lak beds" 
and "wa h. ' The v idence her e, though ob cure, sug
uests that thi carp i du e to movem n t along the 
fa ul t ubseq uen t to the d epo it ion of the " lake b ds." 
( ee fig. 33.) 

Although only a .ingle urface of displacement has 
been shown in th e Dome fault the differ ent po i tions 
of the strata in the bottom of the R eindeer shaft on 
uch ections as ar ava ilable how that par t of the 
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FIO URE 33.-Section through Reindeer and Dome shafts, bowing exposure ol 
the Dome fault 

mov m nt cP urrl:'d on on or mor auxiliary fis ur 
which can not b d lin at d f r lack of d tail d infor
mati n. 

EMMET FAULT 

Th Emm t fnu lt a ou n th 
lnrg block of Blue lime ton 
to th porphyri brtw n th Iron and Dom faul . 

o n w · v.id nc ha b n di clo d in r gard t 
fau lt ince Emm th d cription of i t wh.i h 
follow : 

The Robert Emm t tunnel tar t.s in ncar the ontact of 
Gray porphyry and ov rly ing Whi te p rphyr . A winze wa 
unk in th tun n I, from which a drift to the west has cut th 

Emmet faul t, a hort cross fault, by who-e movcm nt a little 
triangu lar block of ground i lift d up on the we tward . Pa r
allel with this fault i 11. light anticlinal fold , along the axis of 
which th Columbia tunn 1 runs in on the contact and find the 
formation dippin15 away to the righ t and left , but mor teeply 
lo the westward. Th Blu lime to n i found in actual rock 
------------- ' 

outcrop on the bank of the gu l h l elow th is. The Cre centia 
shaft, a li ttle west of the Columbia, ha reached the Gray por
phyry under the White porphyry at a depth of 335 fee . It is 
probable that this body of Gray porphyry thins out to the we t 
of thi . 

As to the exact line of the continuation of the Iron fault on 
the south side of th Gulch, if it extend so far, no data have 
yet been obtained, nor can it be defin itely tated whether the 
Crescentia shaft is to the ea tor to the we t of thi line. The 
d ip of the formation west of the Columbia tunnel is steep 
enough to account for the contact not yet having been reached 
in thi shaft a a depth of 335 fe t. 

ADELAIDE FAULT 

The Adelai le fault extend along the ea t and north 
ides of Iron Hill for 1.1 mile . For th mn,jor portion 

of it co ur e it has a trike of approximately . 20 ° 
W., bu t it curve westward in its nor hern part and 
strike about J. 75° W. wh r it join th Iron fault. 
I t dip wher expo ed is 69°- 1° W. , and i lip is 
downward on the we t. I t ha b en xten ively ex- . 
plored in the workings of . th M oyer and North M oyer 
mine but it i not known by obser vation at its north-
we tern extremity. At i outhern xtr mit , a 
mapped, there i a great thicknes of White porph:rry 
b neath which the edimentary formation are d ply 
buri d and have been little if at all explored . I ts x
tent in that direction is ther for e indefini t and may 
b much greater than i indicated . I outhernmo t 
expo ure i b n ath California Gulch in th mo t outh
erly workings from the old M oyer . haft. Th r oc 
in thi por tio u of the mine are o broken by auxiliary 
fa ulting that the exact amount of di placement on this: 
fault i diffi ult to determine with any ac uraey. Far
ther nor th at a poiut about 350 fe t outh of the 'Yak 
tunnel, it has b n exten ively explored in stope and 
workings of th M o er mine. I t i cut in t.he Yak 
tunnel and ha been xten ively explored in all the 
easterly workin!!S of the or th tloyer min . Through
out i cour in th workings from the two Moyer 
~haf the fault ha. a dip lip ranging from 45 to 90 feet 
and a n a]jgible trike lip. The ' id th of i ts :fi ure 
zoo range from 5 to 20 f et. Where it bend to the 
we t, the eli placement incr e to a maximum of 730 
f•et along the lin of ction M- M ', Plate 17. 

The zon of frac ur along the Adelaide fault i com
pi xly cur ed and on i ts in general of a breccia con
taining elvage. In mo t plac nearly all the move
ment hn been confined to a inale fis ure, but along pnrt 
· f th fault r pr ented by ection A- A', Plate 23, the 
mov men t i di tri bu ted among hree fi ure . 

The di pla ement along the north rn part of the 
fault i a umed to b that originally indicated by 
Emmon . Ther can be no que tion hat the eli plac -
ment in t.hi direction i ~ con i lerable, a the di crep
a.ncie f th formation are clenrly indicated both by 
urface ob er vation nnd by the po ition of the rock 

along the line of section M- M' , Plate 17, as th y ap
proach th fault. 
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UL TER-NEW'l'ON FAULT 

The name Ul ter- ewLon fault ha been appli d to 
one or more fault expo d in the Ulster- ewton, 
Horse hoe, olorado o. 2, an'd Rubie min .. Th s 
expo ures are represented on the cro s ect~on of 
Plate 23- 26 but have not been connect d w1th uf
ficient certainty to indi ate the trike. The indication 
of the faults on Plate 13 and 22 i ther fore a rough 
approximation. Th g ·neral trend of the fault r 
faults i outbwe tward and the lenath, ac ordma to 
Irving, i 1,400 fe t. The fault pr umably join the 
Adelaide fault on the n01·thea t . It has b en expo. ed 
in e eral place in the Colorado No. 2 and is be t 
known where it faults th Colorado o. 2 or hoot; 
but its exact po ition in the Rubi i not known, and 
it evid ntly die out before reaching the Yak tunnel. 
At the Colorado o. 2 ore hoot the dip lip i 55 feet 
downward on the ea t, but it decrea c outhw tward. 

· The dip al o is ftstward in this vicinity. The fault 
beneath the Horse hoe haft,•howevcr, is rever e, with 
a we tward dip and a dip lip of 25 f et do\ nward on 
the east; but this may not be arne a the fau~t in th 
Colorado No. 2. There i probabl a con .tderabl 
strike lip , but the omplex local tructure ha not 
been ati factorily worked out. 

MOYER F'AULT 

The Moyer fault, along the outhern par of Iron 
Hili ha a total length of 2,600 feet and an averng 

) . . 
trend of nearly . 50° E . At the north a t 1t terrru-
nates against the delaide fault and at the outhwe t 
it eems to die out near the lime tone quarry at the 
outh end of Iron Hill. The fault is normal through

out and it downthrow i on the south a t ide. The 
dip

1

is slight in the outhwe tern part .and incr ase to 
150 feet in the Mover shaft; the tnke lip there, a 
indi ated by the f~ulted or hoo , is n gligibl , and 
northeast of the haft the trike s lip can not be defi
nitely determined. The fault zone contain comp~ra
tively few longitudinal fractures , but several mmor 
auxiliary faults meet the main fault at mall angles. 

The fault i very thoroughly explored by a large 
number of workings from the Forfeit, orman Board
man, A. Y., Minnie, ellers, and Moyers hafts. At 
the outhwest extremity it is first encountered in the 
Daisy raise, just southeast of the Forfeit haft . It 1 

has here a breccia zone 20 feet in width, a dip of 70° 
E., and a dip slip of 46 feet downward on the outh

ea t ide. From this point it passes through the large 
stopes of the A. Y. mine. These stopes had been 
abandoned at the time of the visit, o that the di place
ment could not be actually observed, but it i stated 
by Freeland 22 to have been slight and is evidently not 
over 15 feet. 

"Freeland, F. T ., The sulphide deposit of South Iron Hill, Leadville, Colo.: 
Am. Inst. Min. Eng. Trans., vo l. 14, pp. 181-189,1886. 

o.___._ _ _.____... _ _,__~!>OO feet 

F1oune 31. Soctlon or n p o• Uon or Lh :\lo)or wluo, looking •outiJ, showinpll! 
manner in which the rock m es between the major faults have adju ted tbtm· 
selves by minor au,iliary faulting. gp, Gray porphyry; bi, Blue limestone: PIJ, 
Parting quartz! Le 

The ground n ar the junction of th Moyer ~od 
Adelaide faults i exc ively broken, and many mmor 
di placemen may b ob erved. ( ee fi.a. 3.4.) It 
ha been difficult, ther fore, to d termine the displace
ment of thi portion of the fault. The Moyer fault 
i irregularly curved throughout, and many of the 
curv are of comparativ ly mall radiu along both 
trike and dip. The fault br ccia, expo ed at everal 

plac , is characterized by thick marginal clay elv~ges 
between which lie mas e of broken and pulvenzed 
rock and several thinners lvages. 

GOODELL OR SOOTH 1 E FAULT 

The Goodell or South Nine fault is a minor normal 
fault prominent in the Moyer and Mike mi~es: It 
has been traced for 50 feet northward from 1ts JUDC· 

tion with the Adelaide fault. Its northern part bends 
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ughtly toward the wes t. It ha \Jeen extensively 
developed in the Moyer workings, which immediately 
'oin those southwest of the Mike winze. It is cut 
~ain in the Yak tunnel, and from thi point north
ward no definite information is available in regard to 
it. As it i not recognizable in the north Mike work
ings it has probably died ?ut without reaching them. 
Its dip i 63°-74° E. and 1 nearly parallel to that of 
the Mike fault. The dip lip in the Yak tunnel is 30 
feet; it is greater to the south and evidently decrea es 
toward the north. 

The fault is of some int r e tin that it displaces the 
large ore bod y in the South Nine stope of the Moyer 
mine. A portion of this ore body i l eft by this fault 
and the Adelaide fault at a higher al titude than the 
portion on each ide. (See fig. 34. ) 

ORIGIN OF THE IRQ -MIK ADO FAULT GROUP 

Althou<Yh the principal movem ent of the Iron
Mikado fault group ch anges northward from the dome 
to the Iron and then to the Mikado fault, the uplift 
wa uneven and the ground on both ide was strained 
until the auxiliary faul parallel and tran verse to the 
main fau lt zone were developed. Uplift along the Iron 
fault itself reached a maximum ju t north of tray 
Horse Gulch. outh of thi poin t the ground to the 
east of the fault wa warped until it broke along the 
Adelaide fault . Iron Hill , therefore, represen ts a large 
block tmined by the uplift along the Adelaide fault 
until iL broke into thr e minor blocks separated or 
partly eparat d by the Ulster- ewton and Moyer 
faults. The movement may have produced other 
faults imilar to th 

The Goodell fault, with down slip on the east, repre
ents movement parallel to postmineral movement 

along the Mike fault, near b y, and may therefore be 
more correctly correlated with the Mike fault, although 
tt joins he delaide fault. It repr en a local t
tling ac ompan ing that b tween th Mike and Pilo t 
faul , which took place during the g neral uplift, per
hap after the princi pal tage of uplift had b en· com
pleted. 

The Iron fault outh of i junction with the Dome 
fault i imilar to the Ad !aide faul t in origin. The 
principal mov m n t ther took place along the Dome 
fault, and th gr und to the ea t w warp d until it 
broke along the Iron fault. 

The MiJ{a.do and Iron faul from Iron Hill to a point 
w t of Yankee Hill ar to b r egarded as t ' o principal 
memb of a fault zon eparated by a large narrow 
lab f ground. t th Mikad mine the greater 

amount of lip i al ng the Mikado fault (pl. 14 ection 
D-D') , but we t of Yankee Hill ( ection C- C' ) it i 
along the Iron fault. Thi differ nc indicate · a north
ward tilting of the slab betw en the faults. A little 
fa~ther north (secti n B- B') th greater lip is on the 
M1kado fault again, an,d it would not be w·pri ing 

if thi change were found to have taken place along a 
concealed tran verse fault in the v icini ty of the Chief
tain mine. Thence northward he Mikado is the 
principal fault, and the Iron fault north of Yankee 
Hill represents another auxiliary break analogou to 
that along the Adelaide fault. 

FAULTS IN THE EASTERN PART OF THE DISTRICT 

Faults in the vicinity of Breece Hill and Ball Moun
tain belong in part to the po tmineral clas . orne 
movement has probably taken place along the northern 
part of the Mike fault, the Pilot fault, the Weston fault 
north of Iowa Gulch, and the Ball Mountain fault 
since the deposition of ore, but it h a been more con
venient to describe each of the e faul ts completely 
under one of the preceding heading th an to scatter 
the description of an apparently ingle fault under 
two or three headings . The arne statement applies 
to the Mo quito faul t, which is normal and of post
mineral age in i ts southern part bu t reverse a nd evi
dently of premineral age in its nor thern part. 

FAULTS SOUTHEAST OF THE LEADVILLE DISTRICT 

ix other faults are hown on Plate '11 n. originally 
mapp d by Emmons. These are the nion, Iowa1 

Dyer, outh Dyer, heridan , and herman faul . 
The nion fault extend sou th- ou thwe tward from 

its junction with the W e ton fault in Iowa Gulch and 
cro es Long & Derry Hill and the w t lope of Em
pire Rill, beyond which it di appear in an area uf 
granite. I dip slip is about 200 feet downward on 
thew t near its outh end and incr ea northward 
to a maximum of about 1,000 feet at it junction with 
the We ton fault. Although little known it i of 
in tere t because of i ts clo e a ociation with the vein 
in th Clear Gri t and adjoining proper tie , whi h are 
mentioned in connection with the W e ton fault (p. 7 ) ; 
also becau it is in line with the unday vein on th 
outhw t lope of Ball Moun tain. The e r lation 
ugge t that it may be of premineral origin, but it 

is clas ed as po tmineral for want of evidence. 
The Iowa fault is xcepti nal in having an east-west 

course. It extend A.long the foot of a cliff on the 
south ide of Iowa Gulch from the Weston to the 
Ball Mountain fault. The haft and tunnels between 
it and the bed of the gulch are in ither Gray porphyry 
or 11 Weber gri ,' whereas pre-Cambrian granite forms 
the cliff and lope to the outh. The Iowa fault i 
al o of interest a being the south boundary of the 
depr ed block that forms the we t part of Ball 
Mountain. 

The Dyer faulL is a minor fault trending S. 60° E. 
aero the outhwe t pur of Dy r Mountain. It is 
indicated by a r elatively mall offset of the strata in 
Dyer and Iowa amphitheaters. It has not been traced 
beyond the e two place , and it die out before rea h
ing E ast Ball Mountain. 
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The outh Dy r fa1..1lt extend . 60° E. from the 
Mosquito fault to the h ridan fault in the bed of 
Iowa Gulch and i indicat d by a na,rrow trip of 

ambrian qua,rtzite with an includ d he t of the 
White porphyry , ' hich i faulted down against a 
north wall of crranit . The appn.rent throw is about 

00 feet. Along part of it southea tern portion i 
north wall i a dike of the Whit porphyr in pre
Cambrian granite, and thence to it junction with the 

heridan fault its outh wall con i ts of Cambrian 
quartzite, White lime ton , and overlying porphyry. 
Th e rock occupy a triangular area be ween the two 
faults. 

The heridan fault extends from this aJ' a uuth-
outhwe tward between h ridan and We t h ridan 

mountains and may continue as far as the We ton 
fault. Its we t wall between the two mountain ha 
dropped from 150 to 250 feet, according to Emmon ' 
map, but at i junction with the outh Dy r fault 
the drop i more than 500 feet. 

The herman fault , a mapp d by Emmon , 1 a 
minor, poorly d fin d displacement of outhea tward 
trend. 

ORIGIN OF FOLDS AND FAULTS 

FOLDS AND PREMINERAL FAULTS 

POSTMINERAL FAULTS 

A detail d study of central Colorado if not of a 
larger region i no doubt nece sary befor the origin 
of the folds and fault in the vicinity of L aclville 
can be thoroughly under toocl, ' but he evidence at 
hand throw con iclerable light upon th problem. 
The common . 30° E. trend of the fold , the teep 
clip of their we tern limb , and th breaking of the 
we tern limb by re verne fault all indicate regional 
compre ion by a force acting in fl . 60° W. clir ction. 
This force wa o tr ng or acted o rapidly that the 
strata which had begun to yield by folding were broken 
along faults of northeastward clip and the hanging Tb large t po tmin ral faul in th r g10n hown 
wall of each fault was forced upward over the foot- in Plat 11 arc Lh ut.heru part, I Lho Mo. quito 
wall. The shearing and com pre ion along the faul fault, the Iron faul , and the P ndery fault. All th 'e 
ground much of the rock in the fault zone into an fault are normal, and th ea t wall of each ha r· en 
imperviou pulp or goug and left f w opening aloncr I relatively to th we t waH. !\ o not worthy horizon
which circulation could take pl~tce freely. The rock tal movement and no horiz ntal compr ion hare 
on each ide of the fault zone, however, particularly ! taken place along any of them. The crreate t di · 
that on the footwall side, wa ubjected to ten ion placement that occurred along any one fault zoo was 
while hearing wa in progre , and auxiliary fi.s ures that along the Mo quito fault. Thi movem nt de· 
normal and oblique to the reverse fault resulted. erea ed toward the south, wh re it wa apparently 
The e tension fi ure were favorable for circulation. compen ated to orne xtent by oppo ite mov mont 
~he folding and r verse faulting were distinctly along the nion fault; but the throw of the nion 

l~ter than the intru. ion that produced the porphyry fault al o decreases outhward. The di placement in 
sills but were more closely related to later batholithic the Dome-Iron-Mikado fault group reache it maxi· 
or tocklike intru ion . Crawford 23 ha hown that mum ju t north of Iron Hill and dimini he both to 
in the Monarch-Tomichi di trict, 45 miles south of the north and outh. The Pendery fault, on th con· 
Leadville, batholithic intr u ions of monzonitic rock trary, appears to increa e southward and to die out 
followed or po sibly ~tccompanied reverse faulting . or join the Mikado fau lt not far north of the Load· 
He has also shown that late batholithic or tocklike ville di trict . This evidence, o far as it goe , indicates 

11 Cnawford, R. D ., Colorado Geol. Survey Bull. 4, p. 109, pis. 2, 3, 4, 1913. " Crawford, R. D., A contribution to tbe igneous geology of central Colorsdo: 
Am. Jou r. Sci., 5tb ser., vol. 7, pp. 36&-3 , 1924. 
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teplike relation of the principal po tminera.j fault , 
~th v-ertically and horizontally. . 

It can not be proved wh ther the movement along 
these faults wa one main) of uplift or u~ idence, 
b tit eem more rea onnble to mfer an uplif t along 
t~~ Mo quito R:a~ge than a ub id.ence of ~h c.ountr.Y 
t both ide of 1 t . The local vidence c1 ted m u b
~quent paragraphs al .o a.ccord~ better with uplift than 
·ith sub id nee. but It 1 r ealized that the problem 
~~the v-icinity of Lead ille is only a mall pha e of a 
~euional problem that involve all the mountainous 
p;t of Colorado a nd adj?ining Stat 

The shiftin()' of the roam movement from th west
ern to the ea tern fault took place in the vicini ty of 
Leadvjile, and the con quent adjustment within this 

· areacau edlo alfaul ting expr d by the White Prince 
and Pilotfaul t andrenewedmovementalong he outh
ern part of the Mike (rever. e) faul t . It al o accounts 
for the local depre d block between he nor thern 
Mike and Pilo t fa.ul ts and in part for that bounded by 
the We3ton, Ball 1ountain M odoc, and Ibex o. 4 
faul ts. The hi tor of the la t-named block, however 
is ob cure. It wa: d pre eel to orne extent prior to 1 

ore d po ition , bu t th faulting \vhi h occurr c1 at 
that time wa on a comparativ ly mall cale, and the 1 

greater par t of the d pre ion, e pecially of the south
ern part of the blo k, may be attributed to tho po t
mineral faulting. 

The local dropping of the blocks indicate some 
expan ion of the earth's cru t during the gon raJ uplift. 
Expan ion , or bulging accompani d by breaking, is 
also indicated b)' the uplift it,elf and i be t indicated 
by ection D-D' , Plate 12. From the 1osquito fault 
ea tward to and beyond th ou th Platte Valley the 
uplift is mark d by an a twnrd tiltin()' of the trata 
without pronounced po tmineral faults, unle . ome 
po tmineral movement took place along the London 
faul t zon . Th , um uuL of uplift nt th 1osquito 
fault with th r fer n t th lra ta at the ou h 
Platte Vall y wa about 7 00 f t ; wi h r f ren to 
the trata w • t of th I ud it · faul it wa about 
,000 f t and w uld doubtl ' b on id rably mor 

if lh e trata c uld b mpar d with b clro kat the 
ea tbaeofth awath ang. 

Althou h thi uplift i b t indi at din th Mo quito 
Range, it xt nd d b yond th limi of that rang . 
'rh G orgia P a faul t a t of th Br k nridg di -
trict, i bri fly d rib d by Ran om 25 and i evi
dently analogou to th normal part of the Mo quito 
fault. Th tw fault form th ea t and we t bound
sri of a tilt d blo k about 12 mile wid . No other 
faults equival nt th ha e be n m.app d, and tho 
limits u[ the fau lt d area ar not known. 

The r lation of po tmineral uplift, accompani d by 
oxten ive faulting, to arli r di turbanc is imilar to 

that in many other mining eli trict of the We t, as 
poin ted out by purr. 26 The g neral ucce sion of 
even , according to purr is ( 1) ign ou intru ion, (2) 
light faul ting, (3) ore depo ition , (4) uplif t or doming 

accompanied by prolonged and pronounced faulting 
and roughly coinciding in area with mineralization. 
Th succe ion at Leadville wa somewhat more com
plicated; folding and re er e faul ting a well a 
ub equent local normal faulting and fi uring inter

vened b twe n in tru ion of the expo eel igneou rocks 
and ore depo ition. Furthermore the po tmineral 
faulting, though more thoroughlv mapp d in the Lead
ville eli trict than el ewhere, xt nd over a mu h 
greater area; but thi greater area contain everal 
mining eli tric of mor or le importan o o that 
uplift and mineralization may prove, in a larg way, to 
coincide. purr 27 offer the piau ible ugge tion that 
the po tmineral uplift in g neral are due to the 
pr ure of a plug of con olidated igneous rock forced 
upward by till fluid magma at i ba e. This expla
na ion may be too implo to explai n all th fact when 
the po tmineral uplift of central Colorado i on iclered 
a a whole, but i t i ati factory in o far a i t involv 
principally \ertical movement and an xpunsion of 
the uplifted area. When th po tmi neral fault of 
central Colorado are more thorou()'hly mapped they 
may prove to be generally imilar to the groat po t
mineral fault of the Great Basin province and will 
await a imila.r explanation. 

LOCAL DET AILS 

Jn con idering local tructural detail of the L ad
ville eli tric t, the block between the maj r faults or 
faul t group are the natural unit . Elev n of the e 
uni are here disc u ed in u c sive order from we t 
to ea t . 

AREA WEST OF PENDERY FAULT GROUP 

Th area we t of the P ndery fault zone ma b ::; 
be de cribed a a uni t, a no faults are known to extend 

mpl ly a ro it in any direction. I ts tructure is 
hown in Plate 13- 17. 

Th re ar no outcrop within the a.rea., but the tra
tigraphy and tructure b n ath a con iderable part of 
it ar well known from mining operation . The qua, 
H of r o. 1 and o. 2, and illa. hafts in the n~rth-
rn part, have furni h d valuabl information, but 

betw en them r latively little clrif ing and extended 
ex ploration ha b n carried on. In the Whale, ep
tune, Ja. on, and Fair iew o. 4 mine a little more 
work h be n done, and a 1ong exploratory north-
au h drift with many drill holes wa run by . W. 

Mudd ben ath Po erty Flat from the Delante No. 1 
north toward the Hofer. outh of the Delante No. 1 

" purr, J. E ., Tbe relation of ore depos>tioo to faul ting : Eeoc. Geology, vol. 11, 
pp. 605-622, 1916. 

t t Idem, pp. 621-1l22. 
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and thence south to California Gulch the gravel ea. t 
<lf the Cloud City fault ha been exten ively explored. 
'!'he Newell, Capitol, Coronado, Sixth treet, P nrose, 
Alice, Cloud City, Lazy Bill, tarr, Bohn, W ldon o. 
2, Midland, P. 0. ., California Tunnel, and California 
Gulch shafts are the principal openings. On Capitol 
Hill the purr drill hole. was put down to granite for 
.exploratory purposes. West of the Cloud City fault 
are the Home Exten ion , Valentine, and Maple treet 
.shafts, and on the far outh th Owers drill hole and 
Thompson shaft. outhwest and west of the e work
ings the geology as mapped is conjectural. 

o shaft or drill hole within this entire ar a has 
.entered granite except the Spurr drill hole, in which 
the granite lay directly beneath the "lake beds." Mo t 
<lf the other shafts mentioned passed through White 
<lr Gray porphyry in varying thickness above the Blue 
limestone, although the Alice entered the limestone 
jmmediately beneath the "lake beds." 

The fault shown near the Leadville Driving Club is 
inferred from the relative positions of the granite in 
the Spurr drill hole and of an outcrop of White lime
-stone 1 ~ miles due west of the corner of Harrison Ave
nue and inth Street. Its po itionisnot known within 
.a considerable distance, neither is the amount of dis
placement along it nor the average dip of the stra ta 
west of it. The White limestone has been indicated 
as forming the entire bedrock surface west of the fault, 
but a dip somewhat steeper than that a sumed in 
-compiling the geologic map would bring the Parting 
quartzite and Blue limestone below the bedrock sur
face. 

The irregularity of the bedrock surface in the more 
.explored part of the area may be realized from the 
.east-west and north-south sections on Plates 14- 17. 
The dominant features are two broad depression of 
westward trend-one at the latitude of 39 ° 15', the 
-other at the outh edge of the area-which represent the 
preglacial valleys of Evans Creek and Iowa Creek. The 
broad rock ridge between these two depression is a 
-continuation of the ridge that includes Breece, Iron , 
and Carbonate hills. Its crest is penetrated by the Bon 
Air and Valentine shafts. The broad westward curve 
of the formation boundaries here lli due to the inter
section of eastward-dipping trata with t.ae convex 
bedrock surface. 

All the sedimentary formations and the White and 
Gray porphyries are exposed to some extent in the 
mines of this western area, but the Blue limestone has 
been far more extensively explored than the others. 
It averages about 200 feet in thickness and, as shown 
on page 34, contains several sandy beds well above the 
Parting quartzite, and a per istent layer of black jas
peroid, or flinty quartz, 4 to 10 feet thick, which 
varie.s in stratigraphic position (fig. 10) . As this jas
perold has been found only where oxidation has been 
"thorough, Irving suggests that it has been deposited by 

descending water ; but he doe not attempt to 6,. 1 . . ''P a1n the proce s. In place tt f rm the floors beneath 
bodies, but it is also well developed where there · ore 

IS no 
ore. 

The P arting quartzite ranges from 15 to 40 fe 1. . e.m 
thi knes and commonly con tams on iderable sa d 
and argillaceous shal in it upp r and lower pan y 

The White ~~e tone is 1?0 f ct thick nod ha no ~n: 
usual or str1kmg f atur: m the f w plac where it has 
been explored . 

The White porphyry i. pre. ent i.n the oa tern part 
of the area and e ceed 1,000 feet m maximum thick. 
ness. It forms the bedrock urface except where it 
is cov red by the large heet of Gray porphyry in the 
northern part. B neath thi ray porphyry heetthe 
White porphyry is unu ually thin. In mo t plac it 
lie directly upon the Blue -lim ton , but locally . 
much a 40 or 50 feet of the micac ou beds of the 
Weber (1) formation may . eparat it from the lime-
tone. Besid · the Gray porphyry sh et just men

tioned, which a era a 150 feet in thicknc , there is 
another Gray porphyry h et in Blue lime tone in the 
ea t-central part of the ar a. Thi h t i a westward 
con Linuation of a thi k r and mor complicated intnr. 
ion under Carbonat and Iron hill . It reaches the 

bedrock surface in th mall anti linnl ar a ea t of the 
Cloud City shaft. It average thi knes i about 50 
feet, but it i very irregular. It roo t common po ition, 
where it i a ingle heet, i about the middle of the 
Blue lime ton . It mo t pronounced departure from 
this averag po i tion i in the "Vicini Ly of the Penrose 
and Midas shaft , wher it ri sin plac to the topo! 
the lime tone and end off bran he to lower horizons 
(pl. 1 , ection XII) . North of this area it de cend 
abruptly in the ixth tr et- oronado around, and to 
the outh it de cends more gradually through the Wei· 
don, Bon Air and Bohn claim . Near the Bohn haft 
i.t has a nearly vertical upward fi ·hoo . Eat of the 
P enrose haft th main he t de cend rather abruptly, 
and in the Bison ground it apparently plits into tll'o 
sheets, although the tructure here is complicated by 
faulting. 

Although the trata a whole are nearly horizon· 
tal, they undulate considerably (pl.l , ection ,. II) and 
locally have very steep dip . The teep dips are 
mostly due to drag along po tmineral faults and in 
minor degree to distortion by the irregular ill o! 
Gray porphyry. The undulations also may be due to 
adjustments within the fault block dw·ing the post· 
mineral faulting; but the westward-trending mono
clinal fold cut by the -faults of the Pendery group 
(pl. 41) was formed earlier and, as suggested on page 
75 , may indicate the faulted continuation of the Tuc
son-Maid reverse fault. 

The ore bodies thus far discovered west of the 
Pendery fault are coextensive with the Gray porphyry 
sheet, a relation suggesting that fissures developed 
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b the intrusion afforded opportunit! for the ore
/ 

1
ing olution to permeate the hme tone more 

ohr~oughly, wherea the Gray porphyry itself and the 
t 0 d . . b . h White porphyry acte a unperv10u arncrs to t e 
olutions. Auxiliary :6 ures along the suggested coo

t" uation of the Tuc on-Maid revel e fault may also 
b
10

ve afforded local ace to the olution . The prin
·8palchannels through which the solu tions reached the 
~owntown area, how ver, to judge from the longer 
dimen ion of the ore bodie , trend outhw tward. 

Exploration and toping. thu far hav.c .been con
fined mainly to the Blue hme tone. Dnllmg proved 
the White lime tone in the Midas and Coronado 
ground to contain ore, which was b ing mined by the 
Downtown Mines Co. in 191 - 1922. Drilling also 
found ore in White limestone outh of the Penro e 
haft (pl. 1 , c ion and XII). Ore . in "White 

limeston wa al o stoped outhward from the Hib
chle haft, and, a already ugg ted, may be a oci
ated with auxiliary :6. mes along the Tuc on-Maid 
reverse fault. If thi relation can be tabli hed the 
\Vhite limestone northw t and p.ecially outhea 
of the Hib chic haft i worthy of exploration. 

Wet of the loud ity fault there ha been very 
little exploration, and the r ults obtained hav not 
been encoul'aaing. Th Blu lim tone i continuou 
for ome di tancc, pecially in the outhwe tern part 
of the area, but the Gray porphyry and premineral 
fissure a ociated with it are ab ent. From apitol 
Hill northward both lime tones are rcmov d by ero
ion, and to thew t beyond the hypothetical fault the 

detail of tructur and tratigraphy are not known. 
Furthermore, the glacial dcpo its on the whole thicken 
w "tlrard, and th relativ ly gr at xp ns in main
taining hafts and pumping in the depo its and the 
relatively poor chanc of fin ling ore are di couraging 
to the pro pector. 

AREA BETWEEN PENDERY AND DOME-IRON-MIKADO FAULT 
GROUPS 

The ar a b t\ n th P nd ry and Iron-Mikado 
fa ul t group i a north- outh trip of ground \ hich 
narroll' northward and pr bably pinch out b yond 
the limit of th L ad ill eli tri . lt bulg liahtly 
in tho vicinity of Fry r Hill to a ' idth of 5,000 f et, 
and nano\ to 4,0 0 f t at arbonat Hill. It is 
broad t at th outh dg of the Leadvill eli trict, 
where it attains a width of 6 63 f t. \.t the north
w t bru f arbonate Hill i i br k n by the east
ern memb I of the P nder fault zon into a erie 
of tep which form a tran i. i n into th ar a we t of 
that zone. t th outh nd of arbonate Hill it is 
broken by th Tol do fault. Other minor faults are 
undoubt dly pr nt .within th.i ar a but are not o 
numerous as in th Iron Hill area, to the ea t. The 
working in th north ru part of Iron Hill expose the 
Iron-Tu on fault hown in th ection on Plat 

2Q-21 and in Figme 26. Thi area is one of the mo t 
important in the di trict with reference to mining de
velopment, as it contain the mines of Fryer and ar
bonate hill . 

The bedrock refLch the lll'face along alifornia 
Gulch and over the ou thern two-thirds of Carbonate 
Hill, although outcrops ar few, owing to the prevalent 
thin veneer of porphyry talu . From latitude 39° 
14' outhward the bedrock mface lope b q ath the 
deep ub-Plei tocene valley that i now filled with 
high terrace gravel und ' lake bed ." 

Over the north and lower we t lopes of arbonate 
Hill the mine dump are so numerous that car ]y 

any outcrop remain and the original topograph · of 
the hill is con idera bly modified. Some onception of 
the urface accumulati n of dump may b gained 
from the photograph r produced in Plat 42. From 

tray Hoi e Gulch northward the rock urface is cov
ered with glacial depo its, and for the mo t part it ha 
only minor undulation ; but there is a. marked xcep
tion beneath Graham Park where 'lak beds" o upy 
a bowl- haped depre ion that mea ure roughly 1,600 
ieet from ea t to we t and 2,500 f et from north to 
outh. The bedrock urface on the north ide of thi!;l 

deprcs ion lopCl 2 °, on the outh 33°, on the we t 20°, 
and on the a t b tween 50° and 60° where the ' lake 
b~d " com dir ctly again the Mikado fault urface. 
The depth of thi bowl is roughly 1, 000 f et, and 
marly " lak bed " re mbling the main depo it in 
every re pe t fill it within 200 or 300 feet of the ur
f ac . Their eroded urface i cov red by glacial gravel 
and morainal debri . 1 hi rock ba in may be du in 
part to glacial ov rdeepening prior o depo ition of 
the ' lake b ds," but it i ~ attributed mainl) to di t r
tion which ac ompanied mov ment along the Mikado 
fault. 

nderground exploration in thi area, though c, ten
si e, i v ry unevenly di tributed. 'l'he most fully 
explored portion of the area extend outhward from 
Evans Gulch to the William Wallace, Mab, and B lle 
of olorado haft . The ground down to the Parting 
quartzit ha b en x en ively explored through
aut thi part of the area. Recent exploration hu 
extend din Fry r Hill to trata ben ath the Parting 
quartzite, but the re ult has not proved uffi.ciently 
encouraging to ju tify extensive work. In Ea t Fryer 
Hill a like ituation i found, and only drill hole have 
ext nd db low th Parting quartzite. Beneath tray 
Hoi e Ridg and the north lope of arbonate Hill 
from the Pendery fault ea tward to the Mikado :i'ault 
all the formations have been exten ively e.xplor d 
down to and even including the Lower or Cambrian 
quartzite. 

· outh of Graham Park the little exploration that 
ha been carried on ha con i ted largely of shaft ink
ing with comparatively little drifting. In certain 
port.ion of t.hi ar a, notably in and about Little tray 
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Hor- Gulch from the Turbot shaft we tward to tho 
Pend ry fault , r lati ely few ob erva tion wer mad . 
A number of min wi thin thi portion of th eli trict 
were inacce ible at all times when visit were mad , 
and repre n tation of the rather omplicated local 
tructuro i accordingly ba eel on oral information 

furni hed by men who had carried on he work , inter
pret cl in the light of geologic data obtained n ar by. 
In the ~i inity of the reentrant angle made by th 
Iron fault at the west ba e of Iron Hill a great d al 
of exploration ha been carried on through the Mc
Keon, tar of the We t and other sha.ft . orne of 
·the e were visited by Emmon in hi a.rlier visit to 
the dis trict, but the writers never had the opportunity 
to examine any of them. The geologic mappinO' here 
is therefore much g neralized. 

Little need be aid r egard ing the Blu lime~ tone and 
lower formation in thi block, a th y are all pres nt 
in their normal development. The entire area except 
i wes tern edge is covered by porphyry . In the north
ern part an extensive heet of Gray porphyry, which 
ha a thickness of 250 to 300 fe et near the Mikado 
fault, i underlain by a heet of White porphyr u ually 
not over 60 feet thick. Farther ou th h White por
phyry heet attain a thicknes of 500 to 600 feet at 
the summit of Carbonate Hill and of 700 to 900 feet 
ad jacent to the Iron fault zone; but stili fro·th r outh 
it i. thinned by ero ion. The Gray porphyry, on the 
other hand, diminishes so uthward until it thin out 
just south of tray Horse Gulch. 

Between the White and Gray porphyry and like
wi e between the White porphyry and the Blue lime-
tone black Weber hale are found. In some pla e , 

a in the Price and Har ard No. 2 shafts , these attain 
a thickne of nearly 100 feet. Their s tratiO'raphic 
and t ructural relation are hown in Figure 75. Far
ther north the White porphyry lies immediately be
neath the Gray porphyry. 

In the Graham Park area the White porphyry pli 
into two parts and a little farther north into three 
part . The main or lower part 1ies beneath a large 
portion of the Blue limestone and at Fairview Hill cuts 
through the Partin()' quartzite also before i t pinches 
out. The middle part, which i the thinne t and 
horte t of the three connect northward with the 

lower and outhward with the upper part . The upper 
part is continuou from Stray Hor e Gulch to the 
north limits of the area but is comparatively thin north 
of Fryer Hill. The rapid thinning of the lowe t heet 
apparently account for the local anticline at Fryer 
Hill, although distortion during faulting may account 
for it in part. 

It i within the upper portion of the Blue lime
stone, between the middle and upper sheets of White 
porphyry, that the famous ore bodies of Fryer Hill 
and the very rich ores of the mall Hopes mine were 
found. The limestone was almost entirely replaced 

by ore and accompanying "v in material." 'rb~ 
upper portion of th Blue lim tone roaches the bed. 
rock urface fr m the north dge of Graham Park l 
Fryer and Fnirviow hill . 'l'h pre nco of the upp 

0 

layer of Blue limeston above the main or thicker 
Whi te porphyry he~t delay d o~· ploration of the B!~: 
lime tone below unrtll the trat~graphy of th district 
was under too l. rh upper l11no tone docrea e in 
impor ance an oro earn r from Fryer Hill outh. 
wnr l, but exploration in the vicinit of raham Park 
ha e found larO'o ore bo li in th lime tone below 
the main Whit porphyry h eot. 

Throughout th ar a, J pt in th oxtr me north. 
ern part, a per i tent sh t f ra,y porphyry i 
pr sent in the Blu lim ston . Thi hoot iucrea es 
irregularly in thickn ou th ward and roaches a max
imum of mor' than 100 f t b n ath Graham Park. 
I t pli ts into two h t in place and jump abruptly 
from on bed to an o th r. It also end u t forks and 
tongues, many of whi h a r indicated in Lh ·ection on 
Plate 20 a,nd 21. In th n rthea t porti n of the 
Gr ham Park area ill. f Gra. p rphyry cut down 
through tho Par ting quartzite int th White li mestone. 

n ttdditional ill of Gra.v porph ry at r n ar the top 
of th Blue lim ton i found in th outh rn part of 
the ar a ('ection F - F', pl. 15, and 0 -0' , pl.l7). 'rhi 
ill crop out in the b d of alifornia. Gul h immedi

ntely ben ath tho White porphyry. Thi upper Gray 
porphyry till i of minor extent, a.ncl a. it lie for the 
mo t part immediately beneath th Whi te porphyry 
it ha escaped de tection in s m plac . 

, orne of th many off hoo from the very irregu
lar main he t of Gray porphyr "' ere r gardcd , when 
eli covered, a. clik but th y can not properly be o 
cla ificd. One of th e off h t! xt nding upward 
vertically wa found in tho Moy r mine ben ath Kug
get Gulch and for a long time wa belie> d to b a dike; 
bu e. ·plorati n in th deeper 1 V'ls proved it to con· 
nect downward with the main Gray porphyry ill and 
not to ext nd below it. Porphy ry rna se utin Fr) er 
Hili arc of the same charact r, and one of them i ind i· 
cat d n ection 0 - 0' , Plate 17, as extendiug upward 
through White porphyry into the Blue limestone. 

The Whit lime ·ton i free from Gray porphyry 
intrusion except a long the ea tern border of the ma, 
where the main porphyry ill ha cut down from the 
Blue lime ton e through the Parting quartzi te. Afcll' 
isolated tongue suppo eel to be Gray porphyry have 
been found also in the White limestone beneath Ora· 
ham Pro·k, but the e proved to consi t of the porcelain· 
like shale which is o frequently mi taken for porph)T)' 
elsewhere. 

This area sh ws perhap better than any other the 
synclinal form dev lop d by tilting and drag during 
faulting. The strata dip from the western edge at 
angles of 10° to 22°, with perhaps an average of Jio. 
The downward drag oa the we tern edge has affected 
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them only a very small di tanc ea~twru·d from t~e 
fault of the P ndery group, and in many places the 
ea tward dip begin almo tat the Pendery fault itself. 

In the northern portion of the area a more chRracter
i tic basin-like structure appear to hav been devel
op d with its deepest portion at about th Ro e-Em
met shaft. (See pl. 17, e tion 0 - 0' and - '. ) 
Many minor undulation are pre ent probably more 
than have been indicated. At the eneca. haft a hru·p 
fold i cut by a minor fault. 

AREA BETWEEN MIKADO AND IRON FAULTS 

The block between the Mikado and Iron faults i a 
sharply pointed wedge- hap d mas tapering south
ward. Both the Mikado and Iron faults along mo t 
of thi m·ea appear to be represented by single surfaces 

m diately below th u pp rm? t Gray porph ry at the 
north' c t ba c of Yank H1ll but cuts down into th 
limestone _and pin he ~ut und r _Ev!tns ulch. Th: 
low r ill m the Blu l1me ton 1 pres nt outhwest 
of Yankee Hill fl.n~ corre pond to the lowe tor main 
sill w t_ of th M1l ad? f~ult Cpl. 1_4, ection D-D'). 
The Wh1te porphyry ~11 m W~1te ltm~ tone is pres. 
en t west of Y an1 oe H1ll (sec wn - ) but pinches 
both northward and outhwarcl. We t of the Mikado 
fault it uts upward into th Blue limestone and join 
the main ill. 

The g n ral clip of the trata i 10° E. in th northern. 
mo t part .of the ar a and incr n es outhward (pl. 14 
s ction B- B') to 1 ° E.; but toward the Iron faultth~ 
dip graclunlly flat tens and cha.nges to westward, a the 
result of draa-. W e t and outhwe t of Yankee Hill 

J 
E. 

FIGURE 36.-Section through McCormick, Shenango, High laud Mary, Snowstorm, and Double Decker shafts, showing ore bodies between Iron and Mikado laniiS 

bl, Blue limestone; wl, White limestone 

of eli placement, but the Mikado fault is accompanied 
by the R. A. M. auxiliary fault beneath Graham Pa,rk. 
Both faults dip about 60° W., and they are approxi
mately parallel to each other as far north as the west 
base of Yankee Hill. 

Through practically its entire extent thi area is 
covered by glacial moraines and surface "wash. " 
Thi cover is thinnest on the northwe t base of Iron 
Hill. The bedrock formations include the Blue lime-
tone and underlying sedimentary rocks, with sills of 

Gray and White porphyry. The Gray porphyry over
lies the Blue limestone north of Yankee Hill and in 
the narrow southern part of the area forms one sheet 
within the Blue limestone and two others in the White 
limestone (pl. 14, section D-D' ). The White porphyry 
forms two sills in the Blue limestone and another 
in the White limestone. The uppermost sill lies im-

where the faul clo ely parallel each other, the en tir~ 
narrow block is affected by drag, and the strata dip 
westward. 

The wider northern portion of the area ha b en 
little explored by mine workings. Only four shnflll, 
the Little Hoo ier, Abe Lincoln, Elkhorn, and Price, 
have penetrated appreciably below the glacial moraine. 
The Little Hoo ier shaft doe not reach the base of the 
upper heet of Gray porphyry. The Abe Lincoln haft 
reaches the contact between this porphyry and the 

j· Blue limestone at a depth of 270 feet. There is no 
record of what was found in the Price shaft 1,200 feet to 
the west. This Price shaft is not to be confused with 
the better-known Price shaft 1,600 feet farther west, 
across the Mikado fault. 

The Elkhorn shaft serves as a basis for a large por
tion of the information in this part of the area. It i 
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64 feet deep, pas es through 118 feet of " wash," 4 
feet of Gray porphYI:y, and 20 feet of shale, reaching 
h nderlying Blue limestone nt a depth of 222 feet; 
t ~ ~nds50feet below the top of the Cambrian quartzite. 
pJJThe next working of any importance to the outh 
. Jude everal hafts outh of the wagon road on the 
100 

thwest and west slopes of Yankee Hill. Between 
~r Fairplay haft on the north and the Indian haft 8

t.he outh the ground has been relatively little ex
~ored. Farther outh exten ive exploration has been 
carried on a far as the Cumberland shaft, and the 
geologic structm·e i illu trated by Figures 35 and 37. 

me of the shafts were tarted we t of the Mikado 
fault but cut it in depth. Further details as to the oc
currence of ore and th structure will be found in the 
section on the blanket ore bodie (pp. 187-20 ) . 

FIGURE 37.-Section through Highland Mary, Shenango (south drift), and Snow
storm shafts, showing ore bodies between Mikado and Iron faults 

ABBA BOUNDED BY IRON, ADELAIDE, GOODELL, AND MIKE 
FAULTS 

The area between the Iron and Weston faults may 
be considered a a unit, as it is not completely cro sed 
by any faults; but it i practi all di ided b tho 
Adelaide, Mike, and Pilot faul into four parts, each 
of which i d ribed separately. That first de cribed 
include Yank e Hill and tap rs on thward between 
the Adelaide and Mik fa.ul . Th northernmo t 
part of thi area and th outh lope of Yankee Hill 
are covered by the morain of Evan Gul h , but bed
rock i close to the urface a t of John on Gulch . 
A veneer of "wash" ov rs much of th remaining 1 

area., but the addl betwe n Iron and Br ece hill i 
compa.rativ ly bare. 

The entire ri of trata x lu ivo of the Weber (~) 
formationisrepr ent don t,h bedrock urface (pl. 13). 
The basal granite bord r the Iron fault outhw t of 
Yankee Hill, and the a tward-dipping edimentary 
roc~, somewhat complicated by porphyry intru ions, 
he m succession to th east of it a far as the east 
lope of the hill, where the Blue lime ton is overlain 

by the main sheet of Gray porphyry. The Gray 
porphyry also forms a broad dikelike mass (pl. 14, 
section D-D') which extends northward from the 

Adelaide fault nearly to the ummit of Yankee Hill. 
Although it south end appear to be beveled by the 
Adelaide fault , its continuation beyond the fault has 
not been found . Farther outh (pl. 15, section E-E') 
the Gray porphyry forms three or more complex siJls in 
the Blue and White limeston . The White porphyry 
forms a thick sill that overlie the Blue limestone from 
the south limit of the area to the outh slope of Yankee 
Hill, where it forks , the upper part continuing along 
or near the top of the Blue lime tone and the lower 
part cutting downward into the White lime tone. 
At the north end of the Mike fault the area i bounded 
by the Eureka pipe of agglomerate. 

The tructure at and near Yankee Hill approaches 
a ba in shape. Clo e to the Iron fault the dip i we t
ward owing to the down drag, but on the whole it is 
ea t\vard at a moderate angle a far as longitude 106° 
15', where it becomes nearly horizontal and continues 
so to the White Prince fault, which bas not been 
exposed by mine workings and can only be approxi
mately located. East of Iron Hill the strata are about 
horizontal as a whole but are locally distorted by 
the intrusions of Gray porphyry . 

The area has been little explored north of John on 
Gulch. The Moose shaft, on the soutbwe t slope of 
Prospect Mountain , and the Estey drill bole, near by, 
both reached Blue lime tone beneath Gray porphyry 
at a depth of 562 feet and found ulpbides. The two 
Valunder shafts in the same vicinity did not pass 
through the Gray porphyry. The Mammoth haft, 
to the outb, near the bed of Evan Gulch, is al o 
reported to have reached ore in the Blue lime tone. 
The reported presence of ore nod the po sibility that 
the Colorado Prince reverse fault may continue north
we tward entitle thi. part of . the area to further 
consideration for pro pecting, provided the co t of 
handling water is not prohibitive. It may be noted 
in thi connection that the tunnel being driven outh-
astward from Canterbury Hill by the Leadville Mine 

Development Co. i intended to drain this part of 
th ar a. 

In the area extending southward from the north 
·lope of Yankee Hill aero s Adelaid Park and into 
tb narrow trip between the Mik and Adelaide faults 
a very much larger amount of exploration bas been 
carried on; but xcept in the vicinity of Iron Hill and 
N ugg t Gulch little other than shaft and drill-hole 
record have been available for tudy. None of the 
op nings in the e place have been examin d by either 
Emmon or the writers, and relatively little is known 
on erning th d tailed t.ructur of this fault block. 

Delineation of the rock formation has been made 
po ible howe er , by the interpretation of record of 
the ev ral baf and other openings. 

AREA BETWEEN IRON AND ADELAIDE FAULTS 

In mo t of the area between the Iron and Adelaide 
faults bedrock reaches the surface or is covered only 
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by a thin ven er of " "va h ," but on the nor th lope of contact " ~odi ' luwe. b n worl ~ along the Tucs00 
Rock Hill it is partly co vered by hiO'h terrace gravel, faul t, partl ularly on Jt f oLwall td · The mo t i . 
and on the ou th slope by the nor th moraine of . the tru tiv. o cul'l'eoc i in the ord min e, where t~e 
Iowa Gulch glacier. All the edimcntary formatwn ore was mtr~du . d along an cast-nor Lhca t fi ureand 
are present, from the low rmo t haJ.c of the Web r replac d Whit lime .t on a w?ll a form~d stockworks 
n) formation down, and they are cut h. a gr ater (" brec ia t d or ") m ambnan qu ar tzi te and Gray 
numb r of complex Gray porphyry ill than in any porphyry wh r · th ground wa · hatt red at the in. 
o ther area except nor thern Br ece Hill (pls. 22- 26) . t 1 ction of th as t-nor th a t fl s ure wi th the older 
Whi te porphyry ocelli in one thick heet over! ing rever::; fault. 
th Blue limeston and basal " Weber hal " and 
form t h e b dro k smface xcept a t the x trcm 
north end of the area a.nd along th e b d and lope of 
California Gulch on the wes t ide. It wa in th Blue 
limestone ou tcrops on the e slopes that the fir t blanket 
ore bodies were di covered. A smaller ill of Whi te 
porphyry i pr ent in the White lime too at the 
north end of the ar ea. 

The general s truc tm approaches that of a poon-
haped syncline broken by everal minor tran ver e 

faults , of which the Moyer ftnd 1 ter- rewton are the 
mo t prominent. Only the 1oyer faul t can be hown 
with approximate accmacy on the geologic map, as 
the other either fail t o reach the bedrock mface r 
arc concealed in the monotonou ar a of eli integrated 
White porphyry . The ynclinal tructme i the re ul t 
of tilting during pos tminer al faulting and drag alonO' 
the faults. The drag i most pronounced at the nor th 
end of the area again t the Adelaide faul t; along the 
southern part of the ame fault it i comparatively 
incon picuous. In the south half of Iron Hill the 
average dip is 14° E. near the Iron faul t and deere e 
eastward with one marked undulation, un til near the 
Adelaide fttult the bed3 lie fla t or dip lightly we t
ward. The undulation lie along th Tuc on rever::;e 
fault , which extend from the Iron faul t outheas t
ward through the Tucson mine to the Yak tunn el, 
where it appears to branch and die out. 

This ar ea i one of the mo t thoroughly explored 
in the Lead ville eli trict . The north end wa devel
oped in the early days through the Argentine and 
Camp Bird t unnel and the Mammoth working , but 
during neither the earlier nor the later urveys were 
the e workings accessible. The complexi ty of the 
workings in the outh half of Iron Hill and the north 
slope of Rock Hill can not be adequately de cribed 
in word , but may be partly appreciated from the ec
tions on Plates 23- 26. 

The ore bodies include the long hoots that extend 
ea t-northeast along the " first contact " between Blue 
lime tone and White porphyry or Weber shales and 
the " econd contact " beneath the Gray porphyry ill 
in Blue limestone. maller shoots are found at other 
contacts, but horizon below the Blue limestone have 
been comparatively little explored except in the Tuc
son mine and the Cord and South Cord workings be
low the Yak tunnel. These shoots, which are of con
siderable size but not nearly so large as the old "first 

AREA BETWEEN MIKE AND PILOT FAULTS 

The ~outh.ward-pointinO' wedge- hap d block be
tw n the Mike and Pilo t faul ts con i entirelyof 
porphyry o r d b Lh u ual' n r of " wa h." Its 
nor thern and we ern par t ar hi t porphyry and 
the remaind r ray p rphyry . I t termin ates north. 
wa,rd again t the Eur ka pip of agglom rate. A[. 

though co nsiderabl x ploration ha be n carried on 
within it , thi area remain on of th lea t known in 
th eli tri t . It undergr und "" rkings ar in porphyry 
except in th nor thwe t qu ar t r of the ·area, where 
the M Day drill n ol ) a li ttl nor th f Lhe yak tun. 
nel and wet of longitude 106° 15 ' , cu t magnetite and 
lime tone; th P ark B en ton and Bado-er ta.te work· 
ing , to t.he nor th , e 'PO d highly m tamorpho ed 
lime ton ; and the I hpeming and P enn min , farther 
nor th , expo d xtr mel alter d unidentified edi· 
mentary ro kin thin Ia) r b tw n h t of porphyry. 
The evid nc a a ' hol indi ate one and perhaps 
two tockli ke in tru ion of Gra porph)l'y, the west· 
ern boundary of which i ob cured b )r inclu ions of 
metamorpho eel ro k and num rou ill-lik branches. 
The nor thern and larger tock und r Lh we t lopeof 
Breec Iill extend on id rably to the a t of the 
Pilo t fault ; the mall so uth rn to k beneath thew 
end of Prin ter Boy Hill x tend ou hwar I across 
the Mike fnul t and ma y join th Jnr ger s tock to the 
north. The ielineation of the deep r boundnries of 
these tocks in the ection on Plate 14- l 7 i largely 
conjectural and doubtles much too imple. 

AREA BETWEEN PILOT-WHITE PRINCE AND WESTON 
FAULTS 

The area betw en the Pilo t and White Prince faul 
on the we t and the We ton fault on the ea t tapel'l 
northward and attain a maximum wid th of 1 mile at 
Printer Boy Hill. It continue outhward aero Iowa I 

Gulch but has not been tudied there ince Emroon' 
original survey. Bedrock with a veneer of wa h lies 
close to the surface except wher it i over d by 
moraine on the north lope of Breece Hill and by 
moraine and landslide on Printer Boy Hill, a · hown 
in Plate 7. 

Gray porphyry forms the surface from the north ~d 
of this block as far as the north slope of Culiforma 
Gulch and is represented as a mu hroom- haped or Inc· 
co lithic mass that rose through the conduit beneath the 
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west· slope of Bre co Hill and rai cd a ' part of the s~d
. nt.ory rocks abov th pre nt urface of ero wn 
IOlC . L L') I d . 11 d' . ( 1. 16 sectwn - . t prea m a 1rectwns a 
t~ick ill, but north of Breec Hill none of the trata 
bove the upper ill r main. The tructure around 

~he underlying tock and it junction with the over-
Iring ills i · compl ~ and inadequat ly expo ed, but 
the Gray porphyry mclo c larg rna es of edimen
tarr rock howing arious degree of metamorphi m 
aJl(i deformation. 1:hey have been roo t exton ively 
explored in the Penn and Bre ce iron min . At no 
other pla.ce in the eli tri t ar the edimen tary rock 

50 di guised by conta. t metamorphi m and ub e
quent ericitization. In many place they can be di -
tinguished from the adjac nt porphyry only by their 
banded stru ture. To th outh White porphyry and 
White lime tone below the upper ill of Gray porphyry 
crop out near the omstock tunnel and overlie a lower 
ill of Gray porphyry, which ut upward to the ea t 

through the White lim tone. The White porphyry 
thicken and also cu upward to the south. and on 
tho west lop of Printer Boy Hill it overlie nearly 
the entire thickne of Blue Jime tone. The vertical 
dik of Gray porphyry with northward trend which 
cut the White porphyry and underlying rock of 
Printer Boy Hill w re mapp cl by Emmon during 
the original sur y. A dikelike rna of agglomerate 
wit.h north a tward t.rend i cut by the Jay Bird tun
nel at the head of alifornia Gulch. 

Faulting, which ha rai ed thi block with re p ct to 
those on each ide of it ha apparently dragged the 
·trata into an anticlinal po ition in the northern part, 
but t.h.e folding i so pronounc d that it may be due 
partly to distortion by p rphyr in tru ion and may 
al o repr ent a minor anti line formed at the am 
time a the Colorado Prin e anti line, to the ea t. 
The anticlinal structure at Printer Boy Hill i a oci
ated with th arli r Mik r v 1 fault rath r than 
withlatr po lmin ralfnulting. 

The ore depo it in thi ar a ompri 
and p ularit in m tamorphi lim ton 
tockwork in p rphyr nd m tam rphic dim ntary 

rock and be nd th limit of m tamorphi m, orne 
cornparativ I mn.ll "blanket ' d po i in lim ton . 
Although ma()'netit - p cularit ore wa form rly pro
duced in th Br c iron mine for fluxing or of this 
cl . is of littl or no ommer ial valu at pr nt. The 
mam ma of ra porphyr r ha b en explor d in 

.vcn\1 haf and tunn 1 , but no d po i of gr at 
Width or continuit ha b en di co -red in it, xc pt 
the Loeb ork in the ntio h min whi h ' a work d 
intermittently in th arly da . To the outh O'Old 
ore has been tak n from in in Printer Bo Hill , 
and ome blanket or in Blu lime tone at this place 
have been worked in the Lillian mine· but th and 
0.ther working in the vicinit have n~t b en tudied 
IDee Emmon 's original urvey. To th north much 

work ha b en done in the trata beneath the Gray 
porphyry, and valuable bodies of iliceous gold ore 
have been mined in the Penn, ettie Morgan, Little 
Prince, and Great Hope mines. 

AREA BOUNDED BY WESTON, COLOR ADO PRINCE, SILENT 
FRIEND, AND WINNIE-LUEMA FAULTS 

Th area north of the olornclo Prince fault between 
th We ton fault on the we t and the Winnie-Luema 
and ilent Friend faults on the ea tis largely covered 
by the moraine (pl. 7), but with he exception of the 
nor h moraine of Evan Gulch the covering is thin. 
The bedrock tructure con i ts mamly of the deeply 
eroded Colorado Prince anticline of northwe tward 
trend. The central part of th anticline is grani t , 
eparated by a White porphyry ill from the urround-

ing and overlying Cambrian quartzite. The quartzite 
i overlain on the north by younger trata in normal 
u ce ion, except for a thin ill of White porphyry 

and a thi k ill of Gray porphyry j u t a hove it ' hich 
separate the Blue lim tone from the Weber ( ~ ) for
mation. The outhea t corner of th area ontains 
the Ollie Re d pipe and a. mailer pipe f agglom rate 
both of which are ~?.oncealed at the urfa.ce and only 
imperfectly outlined b mine working~ . minor 
sill of Gray porphyry i expo eel in pro pe t ju t 
outh of .the Ollie Reed pipe, 11.nd a mall part of the 

main White porph ry ill rea h the urface ju t 
beyond it. 

The complicated tructure along he outhern edge 
of the block the result of foldina, rever faulting, 
later faulting and vein depo i tion intru ion of he 
agglomern,te, and till later minor faulting ha been 
xpo d in the numerou ' orking and is illu trated in 

tb ection on Plate 14- 17 and 2 . Th principn.l ore 
bodie worked within thi area ar the Colorado Prince 
and BiO' Four' in , which trend outhwc tward aero 
lh .lorado Prince r >ersc fault. Th ilcnt Fri nd 
and Winni -Lu rna vein have been worked a.lona the 
east boundary of the area , bu no blanket or bodi s 
ha\'e been found in th lime ton west of the e vein . 

om lo' -grad oxidiz d iliceou gold ilv r and lead 
or have repla d Blue lime tone below the north 
nd of th il er poon tunnel, wher the Winnie-

and probably die out. 

NORTHEAST CORNER OF LEADVILLE DISTRICT 

Th northea t corner of the L adville eli tri t i 
part of a large wedge- haped block bounded by the 
Winnie-Luema and Ball Mountain fault on th w t 
and the Mo quito fttult on the ea t. It is cro eel by 
mora in , but only th north moraine along Evan 
Gul h i very thick. Th dominant tructme of the 
tra t i homo linal, the trata dipping north a t at an 
avr>rag of 10° to 15° and a maximum of 30°; but a 
outhea tward continuation of the Colorado Prince 

anticline and reverse fault i present on the north 
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slope of Ball Mountain, where pre-Cambrian granit 
and Cambrian quartzite parated by a Whi te por
phyry ill are expo ed. The structUI·e th re is v r 
obscure. White lim tone, bounded above anrl b low 
by sills of White porphyry, is also pre ent on Ball 
Mountain and in outh Evans Gulch. Blu limeston , 
the roo t important rock to the miner~ , extend outh
ward from the Luema mine, where its dip i locally 
ea tward to outh Evan Gulch and then tLu·n outh
ea twaTd. It i eparatcd from: the Weber (?) forma
tion roo t of the way by a White porphyr ill from 30 
to 160 feet thick The dip carries the Blue lime tone to 
lower and lower depths northea tward ben ath a 
thickening cover of Weber ( ~ ) hal and grit . 

The only other formation of consid rable ext nt 
that reach the urface are the Josie pipe of agglom r
ate, in Evans Gulch and ju t north of it the triangular 
mass of Evans Gulch porphyry (quartz monzonite) 
only the southern par t of which i expo ed along the 
edge of the thick moraine. Be ides the e the workings 
of the Resurrection mine expo e an inclined dike of 
Gray p6rphyry that . ro cuts the Cambrian quartzite 
and connects with a sill near the middle of the White 
limestone. The dike fill a :fi ure' hich at one place 
appears to be a rever e fault off etting only the trata 
below the sill (pl. 14, ection B- B' ) ; at another place 
(section - C') there is no conspicuou fau.lting and 
~·dong the Yak tunnel it i repre ented a a normal 
fault . The structure here i evidently complex and 
has not been sati factorily determined. nother dike 
of Gray porphyry lies along the southern part of the 
Winnie-Luema fault (sect.ion C-C') but i older than 
the fault. 

The ore bodie of this area include "blankets " or 
replacement deposits in Blue lime tone under Ellen 
Hill and in the mine along the line of the Yak tunnel. 
Those in the R esurrection mine connect with vertical 
veins that :fill minor faul of northeastward trend. 

AREA BOUNDED BY WESTON , COLORADO PRINCE, MODOC , 
GARBUTT , AND IBEX NO . 4 FAULTS 

The small area bounded by the Colorado Prince, 
M odoc, and Ibex No. 4 faults may, owing to the ob
scurity an d irregularity of its southern boundary, be 
at :first regarded a part of the large area to the south; 
bu t thi large area cover a block depressed on all side 
whereas the ground under consideration has been com
paratively elevated on all but its northea t ide, where 
it is bounded by the Colorado Prince rever e fault. 
I t is roughly triangular , except for the curved south-

1 

ward projection between the Garb utt fault and the 
southern part of the Ibex No. 4 fault. The bedrock 
surface is concealed by moraine and mine dump over 
all but the outhern par t of the area, where it is mostly 
covered by a thin veneer of " wash." 

The general s tructure is irregularly synclinal, as 
shown in the sections on Plates 14-17 and 28. The 
surface of the main par t of the block consists of Blue 

lim tone and. lo~ r ~orma~i n , wh r a that of the 
south rn proJe t10n 1 mamly Web r gl'it. ills 

1 
White and Gray porphyry ar fo un d within the C 

0 

. . db h l' am. bnan qun,~'tz1 te an ot . 1me tone . . ray porphYn' 
also ov rlt th Blu l1meston and intercalat d 
"•ith th low r beds of th W ber ( ~ ) formati e 
It is probabl hat th appar nLl contin 1ou areao:i 

ray porphyry thn,t form mu h of h bedrock sur. 
fa.c o~tt"ti n a con id rabl pro~01·tion of Weber ( 
bed whteh were not r corded durmg h11.ft inkingand 
ha e not b n exp lor d und rground. Ll'uctural dat, 
in th outhward pr j ction of th ar a, so far as ther 
have b en r corded, ar v ry ob cur . The Garbut 
w rkings appar ntl e · t odd wnward through Weber 
( ~) bed and ray porphyry to ambrian quartrite 
without expo ing any of th lime ton (fig . 29), which 
may be lo ally thru t a id by ro utting porphyry 
intru ion or rna b o ob cur d by metamorphi~ 
that it ha b n mi tak n f r altered porphyry. 

Ext n iv mining has been ondu t din thi bloct 
throuO'h th t. Louis and Yak tunn ls and the Fannie 
Rawlin!lS, Big Four, L ittl Johnny, Black Prine~ . 
Little Vinni , Little li and Ib x o. 1 and No. 
hafts , but th compli atiou iutrodu d by faults, 
on tact metamorphi m , min ralization n,nd other fea. 

ture , tog ther with th inac ibility of many of the 
workings hav prev nt -d a ati fa tory interpretation 
of th geoloO'y. The broad 0' u ral featur , however, 
have been' ork d out and are pr nt din thede
scription of th Ib x or bodie (pp. 295- 306). 

Pro p cting in thi block b gan n ar its northern 
and north a tern horder, along th utcrop of the 
steeply dipping Blue lime tone, and 1 d to the deve~ 
opm nt of th Fannie Ra vling , t. Loui , Miner 
Boy, Chemung, ighland hi f (Hunter), and other 
workings, including th Little Johnny where minmg 
down th outhward-dipping lime ton l d to the !lll'!!e 
rich ore bodi of the Ibex mine. Many of the Ibex 
and neighboring depo it are vein from which 
"blanket" bodi extend along certain lime tone 
beds. I n the Golden Eagl workings many of the 
veins are only a f w in he thick in th porphyry ill; 
but connect with small" blanket" bodi in White lime
stone (:fig. 55 ). 

AREA BETWEEN BALL MOUNTAIN AND WESTON FAULTS 

The only rocks that crop out in th area between 
the Ball M ountain and W ton faults within the 
Leadville district are " Weber grits" and thick ills 
of Gray porphyry. A hown in the e tion on 
P late 14-1 7 the e formation a a whole lie nearly 
horizontal. 

The northwestern corner of the block is cut by the 
Yak tunnel and thew ternmo t Ibex workings. Else: 
where the only extensive workings are the Gnribaldt 
tunnel and the Sunday mine, neither of ... -vhich is deep 
enough to reach the Blue limestone. The Sunday 
vein is one of the larger vein of the district. 



CHAPTER 6. GEOLOGIC HI TORY 

The geologic history of the region may be divid d 
into three part - depo i tion of P aleozoic and Mesozoic 
sediments; igneous intrusion and accompanying de
formation and ore depo i tion ; lat r deformation and 
upheaval followed by glaciation and po tglacial events. 
· The legible geologic record begin with the clo e of 
pre-Cambrian time, when a vast complex of chist, 
anei , and intruded granite had been reduced by pro
longed ero ion app1:oximately to base-level. ub i
dence of thi old land caused inva ion of the . ea from 
the Pacific region and gave ri e to the d po ition of 
quartz and, which wa later con olidat d into the 
awatch or Cambrian quartzite. o fal' as field evi-

dence gathered in the region around Leadville hows, 
ub idence apparently ontinued until increa ed dis

tance from hore caused 11 o-radual change in the char
acter of the s diment from and to mud and later to 
calcareous ooze that oon becam dolomitized · but 
tudy of tratigrnphy and fo ils from a mu h more 

e:den ive r gion indicate that in pper Cambrian 
time the sea retreated we tward from Colorado, which 
remained land until after the beginning of Ordovician 
time. 

During thi interval the awatch quartzite wa ub
jected to ero ion and in places entirely removed, as in 
the Moiiarch district, to the outh of Leadville, where 
the relation between Cambrian and Ordovician rocks 
indicate that at lea t th southern part of the pl'esent 
awatch Range wa elevated above the areas to the 

east and west. In Ordovician time ub idence of the 
entire region took pla , and th ul lime tone wa 
depo ited, iLhcr upon the awatch quartzite a at 
Leadville or up n the pre-Cambrian rock as a Mon
arch. lthough no interruption in edim ntation are 
clearly indicated in th Yule lim tone, the alternation 
of lime ton and hal and the ul t imate predominance 
of hale point to o cillation of land, with el vation 
finally pi'edominating. 

According to vidence based on th tud of fo il 
found ou ide of th Leadville district, th r gion be
~me land again for a con iderable period, only to ub
~de once more during the last epoch of Ordovician 

lime, wh n the sand now r pre en eel by the Parting 
quartzite w d posited. Thi and wa pre umably 
derived from impmiti in th White lim tone and 
from Cambrian quartzite and pre- ambrian granite. 
The nam Yule lime tone as now in erpreted (to in
-clude the White lim tone and the Parting quartzi e), 
therefore, doe not ignify strata depo it d continu-

ously but trata separated by at lel:lSt one uncon
formity. 

Elevation again took place, and the region remained 
land throughout Silurian and most if not all of Devo
nian time. Erosion during this long interval evidently 
accounts for the variations in thickness of the parting 
quartzite; but the general continuity of the quaTtzite 
in spite of the long erosion show that the land can 
have attain d but little relief. Invasion by the sea 
during late Devonian time may have caused deposition 
of the lower beds of the Leadville limestone, though 
the evidence in the Leadville district regarding th age 
of the e bed i very obscur . Land again existed for 
a brief interval at the beginning of Mis issippian tim , 
but the ea advanced early in Mi i ippian time, when 
the greater part of the Leadville limestone was depo -
ited. The e rep ated changes of level were accompa
nied by o littl di turbance of trata that unconformi
ties which are known from fo il evidence to represent 
long interval of ero ion are very ob cuTe. n angulaT 
unconformity between the Leadvill lime tone and 
Parting quartzite ha thu been detected at only one 
pia e in the region around Leadville. It may be that 
at orne phtee bed of Devonian age and at other bed 
of Mi i ippian age re t upon the Parting qul.lJ'tzite. 

Th Leadville lime tone and older formation are o 
generally uniform in compo ition and texture a to 
afford almo t no local evidence regarding the location 
of shore line during Mi i ippian and earli r time. 
Regional evidence, howev r, indicates that the hore 
lines lay in eastern n,nd at tim in southern and outh
western Colorado, and that the ea which periodically 
in aded central olorado connected northwe tward 
and at times outhwe tward with the P acific Ocean. 1 

The only noteworthy local evidence i the and one 
within the Lead ille lime tone, which is most con pic
uou in the we tern part of the Eli trict and ugge a 
hor lin in the vicinity of the pre nt a watch Range 

where ani land may have exi t d while part or all of thi 
lime tone wa being depo ited. With this exception , 
th rei no evidence that island of pre-Cambrian rock 
xi ted, a at first uppo ed by Emmon , throughout 

P al ozoic time. 
Central olorado wa land during the last half of 

th Mi i ippian epoch but subsided again early in 
Penn ylvanian time, when the hales (" Weber hales") 
fl.t the base of the Web r ( ~) formation were d po ited. 
The fo ils in the hale prove them to be of Pacific 

' cbuchert, Charles, Paleogeographic maps of orth America: Oeol. oc. A mer· 
lc Bull ., vol. 20, pp . 427-608, pis. 46-101, 1910. 
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marine oriain but th assoc1ated b d of iropur coal 
indicn,te in~er~ittent mar hy ondition and perbap 
d po. i tion in fr h ,~ ater on a low-lying coa t . El -
vation of the land immediately Lo the ea. t and north
ea t of the L ad ill Alma, and Tenmile ·regi n in-
r a eel th r lief and th rate of ero ion and cau clrapid 

d po i tion of tll "W ber gri " above th hule~ . In
termittent chana during this epoch w re maJ·k d b 
th depo ition ~f hale and ljme tone. Th lime·· 
tone, which wa dolomitic in compo iti n, wn doubt

le of marin origin, but r mains of land plants 
(Equi etaceae) in the upper b d of grit indi at depo
ition in fre h water or hallow oc an water lo e to 
hore. 

That the po ition of th hor line durina Weber (n 
time was in the vicinity of Breck nridge i ugge t d 
by the ab ence there of any "W ber grits" between 
the "Wyoming" formation and the pre-Cambrian 
granit . The imilarity in mineral compo ition b -
tween the "Weber grits" and the Maroon and " W o
ming" formations implies imilar conditions of oro ion, 
and the eli tribution of the three formation indi ate 
gradual ubsidence of the land whereby newly depo -
ited strata. ov rlapped progres ively ca tward. 2 0 oil
lations re ulting in brief in terval of erosion may ha•e 
occurred, but proof of them ha not be n d tected. 
With thi va t accumulation of d tr itu from the pre
Cambrian rock that con tituted the old land, the 
Pal ozoic era came to a close. 

Dming the greater part of Me ozoic tim 3 (all of 
the Triassic and Jura ic) the region around Leadville 
remained above sea level, although it wa probably 
covered at two or three different time by continental 
depo it . o trace of thee depo its remain to-day, 
however, and Me ozoic time including the Lower re
taceou epoch, was in the main an interval of ero ion, 
during which the entire Rocky Mountain region of 
Colorado wa r duced practically to ba e-level.• How 
much of the Me ozoic and late Carboniferou rocks 
wa eroded from the Leadville reaion at thi time i 
not known . . Gradual ub idence of thi ba e-1 •eled 

'Ransome, F. L ., Geology and ore depo its or the Breckenridge district, Colo.: 
U. . Oeol. urvey Prof. Paper 75, p. 33, 1911. 

' This st.atemeot assumes that the" Wyoming" (Lykins?) formation is or Per· 
m!ao age. 

•Lee, w.•r. ~.p . cit.,pp. 27--40. 
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PART III. ORE DEPOSITS • 
CHAPTER 7. PROD CTIO , HI TORY, A D _liNE DE ELOPME T 1 

By CHARLES w. HENDERSO ' 

LEADVILLE 'S RANK AMONG MINING DISTRICTS 

The Leadville di tri t ranks ixth among the mining 
d'trictsofthe nited tate into tal valueof nonferrou 
metals produced. From 1 60, wh n the first placer 
uoldwn hipped, to th ndof 1923 this valu e amounted 
to 425,7 4,550, of which 12 per cent r epres nt d gold, 
45 per cent ilvcr, 20 p r cent lead, 20 per cent zinc, 
and 3 per cent copper (fig . 3 ) • 

This value doe not include that of manganiferous 
~on ores old for the manufacture off rromanganese ; 
tha t. par of the pyrit old for it sulphur content 
only, exclu i e of precious metal bearing pyrite fir t 
roa ted for the manufacture of ulphuric acid, and 
b' muth. The e minor products aggregate less than 

TOTAL 

SILVER 

LE AD 

Z INC 

GOLD 

COPPER • 3% 

) . 0 .7 Y. MANGA ESE 
IRON(fOR STE.£L 

BISMUTH 

19.8" 

19.er. 

127 • 

r ecent years to decreas in tonnage. tric 
that surpa L eadville, except the Com ock, how 
curves who e till-increasing teepn es expre es a 
persi tent increase in tonnage and maintenance of 
richness and indicates that the e districts have not 
yet attained the zenith of their productive capacity. 

The Butte di trict of Mon tana i ea ily the mo t 
productive district in the nited tate , and the Lake 

uperior copper region is s cond. The a t urn 
which these two districts have added to he world 
wealth are exce decl by only two mining di trict -
the Rand gold fields of outh Africa, with a production 
of 1F. 3,623,725 fine ounce , valued at 3,3 2,102.536, 
from 1 7 to 1922, and perhap the eta Madre of 
M xico, with a production estimated at 00,000,000 

~4.7Y. 

FIOUllE .-Value or met Is produced iu Leadville district, 1 1923 

till in ompl te, ho' -
di tri t mixed hem-

'Many d tails in this chapter are tak en !rom Mineral Resources, 1 - 1923. For 
lllOrtoompJet details the reader should consult th o reports. 

to 1,00 ,000,000 up to 1 3. The BinO'ham oeur 
d'Al n , and Joplin di tric al o exc eel L adville in 
the maO'nitud of h ir product. 

Th figur is pecially inter ting in bowing the 
ub rdinate po ition still oc upied by many di tric ts 

lik Goldfield, Tonopah and ripple reek who e 
ph nomenal ri e within the last 30 ear ha been the 
, ubj ect of o much public eli cu ion that it may have 
gi v n an exaggerated impr ion of their total output. 

uti! 1 91 the Lead ille di trict wa exceed d in 
value of output only by th Lake uperior copper di -
tricL and th Com tock lode, but in that y ar it wa 
pas ad by th Butte di trict, falling into fourth pla c, 
and in 1912 it wa outranked by the Joplin region. 
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PRODUCTION, HISTORY, AND M I E DEVELOPMENT 111 

LEADVILLE'S PRODUCTION OF METALS, 1860- 1923 

SUMMARY 

The accompanying stati tics have been compiled 
f the most reliable ources available, principally 
;mUnited States Min t reports , the annual volumes 
/ Mineral Re ources of the United States, and the 
~adville new papers . For the years prior to 1911 

ly figures for Lake County as a whole are available, 
~~t as the output of the other districts (St. Kevin , 
Twin Lakes, ugar Loaf, Lackawanna Gulch, Ten
n"ee Pn , Homestake Mountain , Weston Pa , Ah· 
ro~nte, and Big Engli h Gulch) aggregates less than 1 

included what is now Chaffee County, but the out
put of that portion has been deducted. 

Further details as to the source of the :figures are 
given in the hi tory of mining in Colorado recently 
published. 2 

The quantity and vn.hie of the annual output from 
1860 to 1922 are shown in Figure 40. The production 
of each metal for the same period is shown in Figures 
42 and 43, and the corresponding perc-entages of total 
n.nnual value are shown in Figure 41. According to 
these char ts the history of the distric t may be divided 
into three periods in which the predominating metals 
wer succe sively gold, silver and lead, and zinc. • 

FlOUR& 40.-Total QUMtlty and value or gold, silver, lead, zinr, and copper ore shippod from Lake County, 1860-1P22 

per cent of th annual total th ounty figur r pre
sent the L advill di tri t ati fa torily. Th ugar 
li>a.f district ha made a r gular but comparati ely 
small production in e 1 1 or po ibly earli r. 

The ~alues given on pn.ge 112 ha be n computed 
from the av rago annual mark t price of each m tal. 
Formanyy nr it was th cu tom of the Un ited tates 
~1int to fiaure the annual value f r ilv r b multi
plying the coinag value of the silver by the number 
of oune produc d, a procedur which r ul in a 
figure above the a tual sale price of th r e:fin d il er. 
!he table give the output of the ar a now included 
10 Lake County. In the arlier year Lake Count 

GOLD PERIOD, 1860-1875 

DISCOVERY OF PLA CER GOLD 3 

The hi tory of the discov ry of the Leadville de
posi pr ents a striking picture of the life of the 
pione r miner in the We t and of the large element of 
hance connected with it. Thi hi tory is therefore 

given here with all the fullne s of detail which the 
somewhat. imperfect data obtainable will allow. 

'Henderson, C.'\\., Mining In Colorado: U.S. Oeol. urvey Prof. Paper 138, 
pp. 13Q-175, 1926. 

'The foJiowiog paragraphs to page II are adapted from U.S. Oeol. Survey Mon . 
12, 1 , with v ry little chMge. 



Gold, silver, copper, lead, and zinc recovered in Lake County, 1859-19116 I-' 
I-' 

Gold (value) I . I I J 
~.'-:) 

Silver Copper Lead Zinc 

Ore I 
Year (short 

I I I I Average I 
Value .I I tons, dry I Average 

I 
I Average I 

I 
I Average j ITotfll value 

weight) Placer Lode Total . Fine ounces price per Pounds price per Value Pounds price per Value Pounds price per Value 
onnce pound pound pound 

$50,422 -----------r== 
-

1851H867. ----- -- - ------- $5, 272,000 ---------- - - $5, 272,000 37,600 $1.341 ---------- -- --------------- ----------r- -- -------- ------------------- --- --- ------------ $5,322,<122 1868 __ _________ ---------- 60,000 ---- -------- 60,000 452 I. 326 600 ------ --- --- --- ------- - - --- - ----- ----- ----------- ----- --- -- -- -- ----- - -- - - --- ---------- ---- -- ---------------- 60,600 1869. ·--------- ---------- 80,000 $10,000 90,000 679 I. 325 I.m :::::::::::r :::::::: :::::::::::: ::::::::::::::: :::::::::::::::::::::: ::::::::::::::: :::::::::::::::::::::: ~~:m !870 __ _________ ------- --- 6li,OOO -----------· 6li,OOO 465 1.328 
0 1871. _____ _____ ---------- so,ooo so,ooo 100,000 1,158 I. 325 

1A72 •• ••••••••• ------ ---- 66,500 66,500 133,000 I,MO I. 322 t:"l 

•m•- --- r- ---------- -- ---------- ---- ----------- ---- -------- -- -- ----------- ---- --- --- --- ---- ----- 135,036 0 1873.---------- ---------- 75,000 ISO, 000 225,000 2, 937 I. 297 3,809 -- - ------- ------- --- -- ----- ---- --- --- ------------------ -- ---------------- -- ----------- ---- - - - --- ------------ 228,809 b !874 __ _________ ---------- 70,000 143,503 213,503 2, 797 I. 278 3, 575 ---------- -- ----- ----- - ---------- - ---- ------------- ---- -- -- - ---- ------- - ---- -- ---- - --- --------- - ---------- -- 217,078 1875 _____ ______ ---- --- --- 17,237 25,862 43,099 16,868 I. 24 20,668 ---- --- -- --- ------ ----

;:;;:::::::: -- --~~i- ---~~- --;{;- :::::::;::::::: :::::::::::::::::::::: ~~~m 
0 

1876.---------- ---- ---- - - 30,000 30,000 66,000 23,203 I. 16 26,915 -- - - --- ----· ---------- >1 1877 ___________ ·-·- ------ •30,000 25,000 55,000 458,000 1.20 549,600 ----------·- --- --- -- --
1878. -- -------- ----- -- -- - •30, 000 30,000 60,000 I, 600,000 I. IS 

l~~:m : ::::: ::::: :~:: ::: : :: :: 
> 

1879 ____ _______ ·- - ------- 30, 000 60,000 90,000 8, 411,132 ]. 12 z 1880 ___ ________ '140,623 70,000 34,014 104,014 9. 977,344 I. 15 t::l 
1881. •• ....••. • -- - ------· 69,000 231,000 300,000 7, 966,406 I. 13 9, 002.039 - -------- --- ··------ ·- 0 1882 ___________ - -- ----- -- 63,500 256,500 320,000 8, 894,631 1.14 :o, 139, 76li - - --------·· --- ---- - --1883 ___________ ---------- 25,000 375,000 400,000 9, 049, 219 1.11 10,044,633 -----------· ---- --- -- - -- - --- ---- -- 111, 575,000 . 043 4,797, 725 -- ---- - -- - -- -- · -------- -- -- ------ - --- 16,242,358 

!:o 
t884. ___ ______ _ •232,002 30,000 470,000 500, 000 7, 270,313 I. 11 8, 070,047 •100, 000 $0. 13 $13,000 93,628,000 .037 3,464,236 ----- -- ------- -- -- ------ ------------- 12,047,283 

t:"l 
1885 ___________ --------- - •16,000 bSS, OOO 570,000 6, 441,693 1.07 6,892,612 •100, 000 .108 10,800 55, 522,000 . 039 2, 16li, 358 SO, 000 $0. 043 $2, ISO 9, 1140,920 t;) 
1886 ___________ ---------- •5,000 428, 691 433,691 6, 486,047 .98 6, 421, 187 •100, 000 . J 11 11, 100 84, 400, 000 . 046 3, 882,400 so, 000 . 044 2, 200 10, 7SO, 578 t:"l 
1887 _____ ______ -- - ------------------- 243,694 243,694 5, 994,324 .98 5, 874,438 •200, 000 . 138 27, 600 92, 359, 103 . 045 4, 156, 160 so, 000 . 046 2, 300 10,304, 192 '"d 
1886 _____ ____ __ - ---- ----- - ----- - --- - - 310,891 310,891 5, 486,004 .94 5, I Sll, 900 •200, 000 . 108 33, 600 73, 378, 149 . 044 3, 228,639 ISO, 000 . 049 7, 3SO 8, 737,380 0 
1889 _________ __ ----- -- --- - -- ---- ----- 189,397 189,397 6,1SO, 839 .94 5, 781, 789 266, 489 I . 135 35,976 83, 785,918 . 039 3, 267, 6lil ISO, 000 . OS 7, 500 9, 282,313 U1 .... 1890 _______ ____ 342,163 - ----------· 295,063 295,063 5, 313,930 1.05 6, 579, 627 I, 766,035 . 166 276, SOl 43,623,477 . 045 I, 963,056 ISO, 000 . 055 8, 250 8, 121,497 1-3 1891 __ ___ ____ __ 403,136 2,894 345,525 348,4 19 4, 793,015 .99 4, 745,085 4, 544, 202 . 128 581,658 63,444,973 . 043 2, 298, 134 ISO, 000 . OS 7, 500 7, 980,796 U1 

--- -·- 1892 ___________ 323,187 9,000 242,296 251,296 6,898,020 . 87 6, 131,277 5, 928,863 . 116 687,748 44,009, 114 . 04 I, 760,365 562,500 . 04.6 25,875 7, 856,561 0 1893___________ 351,794 - ----- - --- -- 902,244 902,244 6, 795,454 . 78 5, 300, 455 5, 000, 000 . 108 540,000 36,274,889 . 037 I, 342, 171 • 735,000 . 04 29,400 8, 114,270 

"" 1894 ______ _____ 347,143 --- - -- ------ 1,499,314 1,499,314 7, 695,108 . 63 4, 847,918 4, 000,000 . 095 380, 000 44, 733, 000 . 033 I, 476, 189 •1, 000,000 . 035 35,000 8, 238,421 
1895 __ _____ ____ 394,710 ------ --- -- - 1,386,359 1,386, 359 9, 435, 413 . 65 6, 133,018 2, 803, 550 . 107 299, 980 38,922, 572 . 032 1, 245, 522 1, 265,000 . 036 45, MO 9, 110, 419 ~ ~96 ___________ 349,333 ------------ 1,463,458 1,463,458 6, 623,704 .68 4, 504, 160 4, 071, 761 . 108 439, 7SO 31,993,777 . 03 959,813 642,000 . 039 25,038 7, 382,219 

7__ ___ ____ __ 413, 552 -- -- -------- ~.063,858 2,063, 858 5, 451,317 .60 3, 270, 790 3, 146, 802 . 12 377,616 23,700,908 . 036 853,233 2, 201,500 . 041 90,262 6, 655,759 > 
.J898 ___ ____ ____ 517,992 -- --- ----- - - 2,073,036 2,073,036 7, 068, 727 . 59 4, 170, 5SO 5, 543,964 . 124 687, 4SO 35,945,006 . 038 I, 36li, 910 2, 673,500 . 046 122,981 8, 419, 927 t;) 

1899 __ ________ , 525.728 ___ :___ _____ 2,196,498 ?.196,498 7,~1}8 .60 r.338 .. 071 3,202,828 . 171 547,684 159~. 720 . 045 2, I~ 942 10, 575, 240 . 058 613,~ 9, 882, 559 <l .... !9()() ______ ____ ._ 618,071 _________ ___ , 2, 529,512 ,5211,512 6, 96 • 279 . - . 6 '319, 713 2, 728,563 . 166 4~2;94 - 6 , 599, 65'1 . 044 2; 7 , 385 14, 4:tl, 000 . 044 635,404 10,691, 9M 
~ 1901. ....... ... 793,014 ---------- - - 1, 776,132 1, 776,132 6, 830,084 .60 4, 098,"0SO I, 930, 556 . 167 322,403 56,359, 708 . 043 2, 423,467 23, 167, 140 . 041 949,853 9, 569, 90S 

1902 . .. _________ 748,946 ------------ I, 203,924 I, 203,924 b, 64 1,857 1 .63 2, 990, 184 2, 611,167 . 122 318,1i62 39, 4SO, 178 . 041 I, 617,457 47,637,490 . 048 2, 286,600 8, 41 6,727 c.zj 
1903 ...••.• • ••. 770,000 -- -- --- ----- I, 339,974 I, 339,974 4, 973,033 .M 2, 685, 438 2, 556, 583 . 137 3SO, 252 36,363, 239 . 042 I, 526,836 76,566,000 . 054 4, 134,564 10, 037,004 

~ 1904 __ _________ 
663,487 -- --- -- -- --- I, 186,851 I , 186,851 b, 085,151 . 58 2, 949,388 3, 734, 693 . 128 478, 028 47, 180, 865 . 043 2, 028, 777 58, 254,363 . 051 2, 970,972 9, 614,016 

)\lOS_----- ----- 648,464 ---- ----- --- I, 180,401 1,180,401 4, 033,76.2 . 61 2, 460, 595 4, 486, 115 . 156 699, 834 51, 162,040 . 047 2, 404,616 70, 238, 634 . OS9 4, 144, 079 10,889, 525 ...... 
!906 __ _________ 672, OS5 264 1, 608, 146 I, 608,410 3,~. 338 . 68 2, 645,430 2, 092,735 .193 403,898 47, 41i6, 964 .057 2, 70S,047 70,198,462 .061 4, 282, 106 ll, 544,891 'Z 
1907 ___________ 631, 273 510 I, 004, 180 I, 004,690 4, 11>4,913 . 66 2, 742, 243 2, 679, 510 .20 535,902 32,519,796 .063 I, 723,549 67,247,381 .059 3, 967,595 10,033,979 ...... 

'Z 19Q8 __ _________ 408,711 ---- -- ------ I, 228,449 I, 228,449 2,893, 496 . 63 I, 533,563 4., 674,502 . 132 617,034 19,646,007 . 042 825,132 23, 188,080 . 047 1,089,84.0 5, 294,008 
0 1909 __ ___ ___ ___ 417,297 -- --- ------- I, 435,431 I, 435,431 3, 423,642 .52 I, 780,294 5, 182,608 . 13 673,739 21,073,992 . 043 906,182 38,637,315 .054 2, 086,415 6, 882,061 

1910. __ _. __ __ ___ 462 033 ·---------- - I, 213,134 I, 213,134 3,322, 015 .54 I, 793,888 3, 645, 157 .127 462, 935 19, 24.9, 503 . 044 846,978 li6, 367, 445 .054 3,043,842 7,380, 777 t::l !91J. __________ 4as: 419 ------------ I, 133,442 I, 133, 442 3, 007,296 .63 I, 593,867 4, 017,504 .125 502,!88 18, 4.99, 089 
. 045 1 

832,459 71,610,4.56 . 057 4, 081,796 8,143, 752 H 
1912 ____ ___ ____ S07, 59! ------------ 1, 103, 230 1, 103, 230 3, 000, 397 .6.15 I, 845,244 2, 06li, 800 .165 340,857 26, 234, 244 . 045 I, 180,541 I 05, 945, 783 .069 7, 310,259 11,780, 131 U1 
19!3 ___________ 528,311 ------------ I, 023,631 I, 023,631 3, 400,318 . 604 2, 063, 792 1, 923,987 .ISS 298,218 29,286,183 . 044 I, 288,592 93,842, 857 .057 5, 255,200 9, 9!9, 433 ~ 1914. __________ 547,463 ------ -- ---- I. 571,451 I, 571,451 3, 810,830 . 563 2, 107,389 2, 382, 910 . 133 316,927 26,784,615 .039 I, 044,600 78,763, 334 .051 4, 016, 930 9, OS7, 297 -1915 - ---- ------ 481,620 69,009 2, 177, 143 2, 246, 152 2, 571,002 .S07 I, 303,498 I, 803,423 . 175 315,599 20,957, 404 .047 984,998 72,493, 178 . 124 8, 989, 154 13,839,401 0 
1916.---------- 477,240 119, 169 1,601, 271 I, 720, 440 2, 931,281 . 658 I, 928, 783 2, 621,676 . 246 644,932 21,719,392 .069 1, 498, 638 76,785,567 . 134 10,289,266 16,082, OS9 ~ 1917 ___________ 422,428 110,325 1,004, 894 1,176, 219 2, 184,000 . 824 I, 799, 616 2, 182,623 . 273 595,856 !8,301,802 . 086 I I, 573,955 60,254, 333 . 102 6, 145,942 It, 290,588 !9!8 ___________ 355,840 92,066 751,173 843,239 2, 290, 121 1.00 2, 290, 121 I, 626,634 . 247 401 , 7M 22,469,915 . 07~ I, 595,364 46,715,736 . 091 4, 251, 132 9,381, 610 
1919.-- -------- 217,667 81,688 544. 268 625,956 1, 542,324 1.12 + I, 727,403 888,628 .186 165.285 II , 299,076 . 063 598, 851 j 23, 165,219 . 073 1, 691,061 4, 808,556 0 

____ l920---------~ 17Hr 1-138,864 629,SOI 768, 36li I, 099,688 1. 09 I, 198,660 799, 744 . 184 147, 163 8, 590, 188 . 08 687,215 18,754,531 .081 I 1,519~ 1 4, 3~510 t" 
1921. •••. ~----- -sl!, I 6,184 "3'02, 000 309, 144 .., • 043; 49/" -r.oo T,O'IJ;-4.97 1;107. 295 :-129 1 12,8U - 3, 637,889 . 04 1 59, 205 "l,821 ," . 05 ' 91, r, 1<1 , 7"Jr 0 
1922.---------- 112,547 315 412,743 413,058 952, 048 I. 00 952, 04.8 871,370 . 135 117,635 5. 521,818 . 055 303. 700 9, 003, 000 .OS7 513, 111 1 2, 299,612 !:o 
1923 ........... 115.975 16,224 256,280 271, 504 655,838 .82 637, 787 511,776 . 147 75,231 5, 624,958 . 07 393, 747 9,415, 000 .068 640,220 !, 918,4811 > 
1924 . • • • . ·- ---- 165,593 23, 463 956, 701 980, 154 519,460 .67 348,038 122.878 . 131 16,097 9, 687,587 . 08 775, 007 1 9, 191,000 . 06li 597,415 2, 716, 711 g 
1925<1 --- -- ---- 217,765 36,266 407, 725 443,985 892,135 . 694 619,142 171,000 .142 24,282 13, 888,000 . 087 J. 208, 256 7, 460,000 .076 566,960 I 2,862, 625 

--- ----- ---
Total185~1925 ·- ----- -- - 6. 858.462 45. 745, 2SO 52,603, 712 231,894,082 .......... 190,377,113 100,393,710 ---- - - -- -- 14,369, 845 1, 94.8, 863. i !2 - - · .. . .... 87.438. 563 1, 251, 569, 034 ---- ·· --- · 86,574, 663 431,363,886 
1926<1 • . ------ .. - -- - · -- ----- ------- -- --- ----- 375.639 635,300 . 624 ' 396,427 112, 000 . 138 15,456 17,882,000 . 083 1 1, 484, 206 22, 100,000 . 073 1,613, 300 3, 884,928 

52.979,251 232,529,382 - --------- ,190,773,640 IIOO~I~=J14.36li, 301 . 1. 966,745, 7121~-Tss. 922,769 
1
1. m. 669,034 ______ ____ 188. 187, 953 1 •ss. 248.814 

• Estimated by 0. W. Rendo.rson. • Cen.oos or 1.880. • Emmons, 8. F., op. cit ., p. 18. d Esthnst:.es su bJec t 1:0 revision. 
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The eorlie t publi hed record of exploration of the· 

l of the upper Arkan as wa that made by the 
rdl 0Y F · I h ' d . d expedi tion of iremont m 1 45. n 1 econ 
thlr d' tion in 1 42, Fremont had aimed at tracing 
~kan

1

sa River to its source, but, unwit tingly le~v
: the main stream , he h ad followed up the Fontame 
10~ 1 01·ue now called Fountain Creek, probably pass-
~w , . . 
. ar the present s1te of D enver , and s truck mto 
10u ne . 

1 
. h 

b" ountain at orne pomt near y opposi te t at 1
1

8 
m In 1 45 h. owever, n. indicated by General pace. ' . 

Warren, he probably . n ter d the moun tams near the 
lace where anon 1ty now .tands and cro ed the 

p t.h end of outh Park, r eachmg the upper Arkan as 
,~a~ley through the valley of Trout Creek. Thence, 

ground between the tribe of the Ar apahoes and t , 
who " ·ere constantly at war wi th each other and who 
made excur ion to the e mountain valleys imply for 
the purpose of hunting and without any permanent 
occupancy . 

During the pring, summer , nnd fall of 1 59, at the 
time of the gr at " Pikes P ak excitement," a continu
ous str am of emigran t wagon stretched acros the 
plains, headed chiefly for Gregor y diggings, by three 
rou te , all de tined for what wa broadly called the 
Pike P eak region. is generally the case in uch 
mining rushes, the golden dreams of mao of tho e 
attracted by the marvelous stories of the wealth that 
exis ted m the streams i uing from the mountain 

SILVER-LEAD DOMINANT---~c--ZINC DOMINANT~ 

following Lhe Arkn n a t 
w thou call d 
Piner River t it 

0 
(J) 

g) 

the olorado. It e m probable, th r efor , that the 
nnmo Fr mont P a \ hi h i given. to that of rr n
ruile Cr k would ' hav b n mor a PI ropri tcly 
applied to Tcnn P a whi h divide E gle tiver 
from Lh h ad of the Arkant~a . 1'her i little .fioubt 
th t thi trikinCY vall y wn aft rward vi it(;d b:v 
trappcr(and individual xpJor r ,4 but of uch, vi i 
no:rocord i kno\ o t hav h o 1 ft. Thi tegion, 
like thnt. of th parks, formed part f the de . atabl 

' .R ot tudtes Indicate tbat t rappers nod ludi vld unt' explflrers isited this 
llfioo eten before Fr~mom.- . W. ll. 

9927l- 27t-9 
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w r never r aliz d . !fany of the waaoos that had 
eros ed th plain in the early ummer , carry ina the 
triumphant devi e ' Pike P ak or bu t," returned 
ln.ter ' r the am r ut wi th this device ignificantly 
a.lt red to "Bu t d. " The mor adven turou and 
haJ'dy of the e pi o er~ pu hed r olu t ly up tlu·ough 
the r ky O'Ol'O' toward the ource of the 
Som of the e found gold in orth and 

1 ar creeks, in Ru el.l ul h , and on I r th , outh, 
and Middl Boulder cree1 , where the firt~t mining 
d 1 pme·n wcr made ' ith in the tate and where 

tn nd th e m ining town of Idaho prin.gs, Cen
ity BJ.n khawk, Rollin vi lle, and Gold Hill nod 
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the uni e1 ity city of Bould r. Other, ' and red 
acros the Colorado Ran~e into outh Park and found 
gold-bearing depo i on it northern bo~·d r , in rl'arry
all Creek and on the Platte in the ne1ghborhood of 
Fairplay.' Other went up Michigan Cre k nod ros ed 
over to Georgia Gul h and found gold near the 
pre ent town of Breck nridge. 'till oth rs cro s d 
over Trout reek Pa s into the Arkansa Ri r all 
and found gold on Cache reek Lake reek, and I ar 
Creek and in the b d of the \..rkan a . 

Early in the spring of 1 60 parties of pro pecr.ors 
were mining or pro pecting the headwat 1 .. of the Ar
kansas. \..mong them wore amuel B. Kellogg, later 
justice of the peace at Granite, and H. A. W. Tabor, 
later millionaire and lieutenant go' rnor of the tate. 
Mr. Kellogg had air ady had an xperien of 10 year~ 

1-

·. t-

1-t--'i-~ I 
e ltrn 

tunnel· the s cond ju t b low th now abandon d t ' . . ~ 
of Oro. Owmg to th n hne f th ground and th 
number of th persons pr nt, o-old wa.s di covered e 
an unu ual number of point , and 14 discovery clai~ 
of 100 f et a h wcr 1 ·at d. K llogg and Tabor met 
th pr pectors at th m u Lh f Iowa ulch, as th . 
return d from locating th di oY ry claims, and agre:~ 
to pr p t that gulch. Th . r tmn d to Cache Creek 
for pro i ion an i w nt final! to Ca.lifornia Gulch on 
April 26, l 60, n~ Iowa. ul eh had 1 ldcd little fruit 
to th ir labot . 

In spite of the difficulLi of eommu ni ation in this 
wild region, th.e n ' of th ri h di v •ry of gold 
spr ad with amazing rapicliLy . Th day after thea 
arrival 70 pcr~on am into alif rnia Gulch from 
th ·kan n. all ·; and by July it wa . timated 

r--

t- 1-

. 
t--t-+-1 \.. t-

... 
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186o - - - 166s~ - - t~1o 1875 1860 1885 1690 1695 1900 1905 1910 1915 1910 
Gold : one small block • about 10,000 ounces ($200.000) 
Silver: one em a II blotk - 200,000 ounce& 
Lead,zinc,and copper : one small block • ~000 pounos 

FIGURE 42.-Quantity or ore and met.als produced In Leadville district, 1860-1922 

in placer mining in California when he came to Colo
rado in 1 59. In F ebruary l 60, he tarted with Ta
bor and his family, pu hed up the Arkan a Valley, 
and about pril1 settled down at the site of the pres
ent town of Granite, 1 miles below Leadville. Here, 
having di covered gold in Cache Creek, where placer 
depo it were worked until1911, they whipsawed lum
ber to make luices for wa~hing its gravels. A. few 
days after their arrival new was brought to them of 
the di covery of gold in California Gul h . 

Pro pector had, it ceins, already preceded them. 
Foremo t among the names of California Gulch pio
neers are those of later, Currier, Ike Rafferty, George 

tevens, Tom Williains, and Dick Wilson, from the 
last of whom many of the following facts were ob
tained. The first hole dug in California Gulch was 
about 200 feet above th ite of the pre ent Jordan 

that there were 10,000 person in the camp. It ·, 
said that 2,000,000 worth of gold was taken out 
duringthefirst ummer. Probably cqn idcrablededuc· 
tions may be mad from thi e timate to allow for the 
exaggeration that fill men' mind in moments of uch 
excitement. The record of claiins located, howenr. 
sh ws enormous activity in rruning during thi summer. 
Itl California Gulch alone 339 claims, each 100 fee 
in width, were located. om of the miners arc aid 
to .lave carried away from 0,000 to 100,000 each 
as the re ult of their first ummer's labor. Tabor 
and Kellogg worked their own claiins and made about 
$75,000 in six days . The total production of the 
placo:r claim is generally stated at $5,000,000 to 
$10,()1)0,000, but a more con ervative estimate place> 
it at 2,500,000 to $3,000,000. The climax was oon 
reache:I, and after the first year the population of tbt; 
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new di trict., who e p ~ t olli e '"a then known Oro 
i ty rapidly decrca · ed, and within three or four ear. 

the thou and hal dwindled into hundr d . KeJlo<Yg, 
wi h the r tl ·pirit of the ' e · tcrn pro pc tor, 
wandered away in the early part of tho ummer inlo 
the an Juan region and di I not r turn. Tabor tarted 
the olitary tor e in th pl11cc, and hi 'vife wa at that 
timo th only woman in camp. vVhcn the product of 
the pla ers had gnldua.lly d crcn ed and the pro p rity 
of the camp wru at it. low · t ebb, h e mov d acr 
the range Lo Buckskin Jo whi ch wa th n en joying 
a :fitful pro. pcrity from the rich d \elopm n of th 
Phill ip mine; but he r'turnod ln,ter, when the di -
covery of gold in th Print r Boy vein r eYiv d for o. 
t1me the waning pro perity in th gul h. 

EARLY DE\'ELOP)lENT OF MINE 

In 1 61 u. ditch wa built from Evan. Gulch aero 
the head of California Gulch by moans of wlti h Juice 
mining wa carried on , but o" ing to the <Yr at co t of 

upplies, which lutd to be brought in on tho ba l· of 
animal , only the cry rich t gra,el could be work d 
with profit, n,nd at that time !itt! attention wa pn,id 
to vein deposits. It i prob~tbl that few if any among 
the early miners su pected Lhc xi tonce of the r al 
mineral wealth that the r gion conttJ,ined although th y 
wore much annoyed in their " ·orking by worn, iron
stained fragments of heavy rock which th y had to 
throw out b hand from their ~uice , the water not 
having u:fficient for e to co.rry them down. 

Report says that in ugu t , 1 61, . M. Rou e and 

prosp rity to th region. M a.nwhil th location ol 
th town of Oro had b n fl: qu .ntly chang d. ltwa 
at firt caLtcr d along ahforn1a Gul h , th n concen. 
traled at the mouth of th gul·h, n ar th pre nt citr 
of Leadville, and later mov d up to th vicinity of th. 
tn.mp mill , whieh till . tands among th few cab·: 

0 
. . lOS 

to. whi h Lh name ro 1ty 1 • y t appli d. 
Dming hi time th IIome tak min , in the a· 

watch Range n ar Homo talc Peal , oppo ite th head 
of the A.rkan a. , had b en open d and was yieldin 
rich il er or . In 1 75 n. sm lt r wa built at Malta 
, t of Oro i ty , o trca. t th ore from lhi mine and 
from others which it wa cxp cL d would he doveloped 
in that r O'i n. Thi m lt r lik o many ot]1crs 
built befor any ontinuou production could ~ 
counted on for a upply of or , ' a n ver succ , ful. 

SILVER-LEAD PERI OD, 1876- 1902 

In 1 77 <YOld c a ed to b the dominan t m tal pro
clue d, but pla r minin<Y continued in alifornia Gulch 
until 1 6. The comparati ly larg pla ·cr output 
re ord d on pag 112 f r 1915 and lat r y m came 
from a dr d<Ye in Lak unt,y ut id the L adville 
di tri ·t. The lod gold contain d a 0'1' ater propor· 
tion of · ih· r thnn th plac r gold. Although orne 
lode , like th Printer B y, w r oon worked out, the 
production of lode gold hn. b on ontinuou . In 1 1 
it in reused con iderably, pr umably from the ' old 
or hoot" in Iron Hill, and thi in r a o continu ed 
untill ~ , when th Antioch min wa opened in ~ 

tockwork in Gray porphyry and rai ed the produr· 
tion of <YOld or . Produ tion Lh n de lined uutill 91. 
when with the d vclopm nt f oxidized ilic ott ore in 
th Ibex lode g ld' a pr clu ed in far gr at r 11bun· 
dance than in the early ei<Yhtie ' . During the indu·· 

C. H. ameron, of Madi on , Wi ., ' truck carbonate ," 
of which a mall quantity was . hipped to George T . 
Clarke, of Don er; nnd that ample which h sen t to 
Chic11go y ielded by a ay 16-! oun e of s ilver to th 
ton. The Washo Mining Co. i aid to have been 
formed on the tr ngth of the disco erie but no 
work wa done upon the claim , whos location, if they 

, trial d pre ·ion of 1.'93 gold minin<Y wu ' for a hort 
tim pr emin nt, but for Lh p riod a · n. \\'h l the out· 
put of gold was OYer had ow d by that of s ih·er 11nd lead. 

r ally exi ted, i now unknown. 
In June. 1 6 , the :fir gold vein, call d tho Priuter 

Boy, wa disco er d by Charle J . Mullen and Cooper ' 
mith, who were pro pecting for J. Mar hall Paul , of 

Philadelphi:1, and in Augu t the Bo ton & Philadelphia 
Gold & ilver Mining o. of olorado wa organized, 
and a tamp mill wa built at Oro City, in alifornia 
Gulch, to treat the ore from this vein. 1, ou iderablo 
amount of gold i aid to ha\'e been obta!uod from it, 
though it i' difficult to obtain data as to its production . 
E timate~ place it total yield at 600,000 to '00.000. 
The 5- 20 ve'in wa al o pened at thi time on the ' 
oppo ito side of the gulch, and t.l:30 an extc~ion of the 
Printer Boy, called th Lo"·or Print, r Boy. A 5- tamp 
mill wa erected on the 5- 20 properLy in 1 71. The 
working of these mine , in which tke gold wa found 
in ne!5t of lead carbonate, was carried on more or le. 
continuously until 1 77 and impar ted at times a fitf ul 1 

DI OVERY F LEAD ARR ~ATE Ol_<E 

In the summ r of L 74 ih- r-1 ad mining bc~td D. 

The mo t pr ductive period in tho hi tory of the L<'ad· 
ville district extend d from the first hipment of l'8t· 

bonat in 1 76, until1902, wh n f r the fint time the 
value of Lhe zinc product xceeded that of nny other 
individual metal. Untill 76 the o- all d alifornia 
di trict had be n one of th many mall and compara· 
tively in ignifi ant proclu ers of gold with which the 
Western tate. abound. It had pa ed throuuh the 
excit ment and ru h which g nerally ac mpany the 
di covery of rich plac r gold, rapi lly attained a mnx· 
imum production in the year following the discovery. 
and thnn n.s rapidly d clioed. Owing to the won inu 
production after 1 69 Oro ity was in 1 74 almost 
d crted, only a few of the 10,000 miners r maining to 
earn a cant return from a few still profitable claim:. 
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The ite of the pre n t ·ity ~ .L eadvi lle wa an 
broken w1lderne ' , and no u plCIOn of the x1s tence 

0~ the imm n e d po i of ih-cr-lead and zinc ore 
0
h t were to con titute th chief basi of the di trict' 

:n;neral wealth had yet enter d the mind of the 

pr pector . 
If it had not b en £or the exton ive xperien e of 

two men who had ~orne to . ~l ifornia Gulch well 
equipp cl with t chn1 al kdl 1t 1s probable that, the 
reaion would soon ha,~ been abandone land the !rreat 
b~i of iJver-1 adore \\'On lcl haver mained ec.LU·cly 
ronccn lecl to a'mit the chance eli ·covery o£ orne future 
uenerntion. T th o two men A. B. W ood and W. H. 
\e1en . i · du the credit of being the fir t to r ecog
nize th value of the now fa.mou. arbonatc depo i 
of Leadville. Mr. Wood came to alifornia Gulch 
in April 1 74 to w rk the tarr plac r claim. While 
examinin()' th gravel in the gulch he wa~ struck by 

1heapp arance of what the min r call "heavy rock," 
omc of which he a ay d . Hi pc imens were not 

rich. riclding only 27 p r cent of lead and 15 ounce 
of ilver to the ton; but the matter cern d to him 
worthr of further in e tiaa ion. He put prospec or 
to work to find th crop pings o£ the ore depo its, and 
in June, 1 74 the fir t arbonat in place wa found 
at the mouth of th pr nt Rock unnel on Dome 
Hill. About tho same time ore wa ·eli covered in a 
haft unk by a Mr. B radshaw near the bed of the 
uch on the present Oro La Plata claim but it is 

maintained by some that his or was not in place 
butwa imply "wa. h" accumulated from tho abra ion 
of the adjoining croppin., . Pro p tina wa quietly 
continued by Mr. Wood, but no claim were tak n 
up, a the older placer claim , which though aban
doned would . till be in for ·e for another year, o red 
all the ground adjoining the gulch. :Mean"·hi ~ h 
tudied the occurren e of th miner l and the out< rop 
of lime t n on both ide · of nl if ornia ulch. In 
the prin.., f 1 7- h t k 1r. t ,-en. with l'rof. 
H. B('('O'Cr , t ben in rJwra f th Bos n - olomdo 
m~lting \ ork. at Almn., to Iron nd D me hill and 

show !them in th f r thu t \" r l th lop Lhe 
k nnd D m rlainu . 

thi~ nnJ th following ummcr th prin ipnl 
thalconstitut th ,·aluablc pr p rLy of the Iron ih· r 
~lining 'o . were lo atecl by M r . Wood und te on 
in the int rc t of D tr i per on . The fir t or wa 
extra ted from th o k mine, wher 1L lnrg rna s of 
hard carbonat form d n cliff outcrop on th ido of 
California Gul h. Thi or wa rich in 1 ad but ver 
low in ilvcr. During the ummer of 1 76 oro wa 
fir·t taken from the outcrops on the Iron and Bulls Ey 
claims, and ·om rich a sa , H. hiP"h a 600 to 00 
ounc to the ton, w re obtained from it. 

The firt working te. t of Leadville ore w re mad 
by A. R. M y r, a araduato of European mining 
chool. , who fir t cam to California Gulch in 1 67 

from Alma, acting as agent for the t . Loui m lting 
& R efining Co. In the fall of that y -ar he shipped 
from 2 0 to 300 tons of or , principally from the Rock 
mine hy wagon to Colorado pring and hen e by 
ra il to t. Loui. . The freight to Colorado prinf!S cost 

25 a ton, and the ore a•eraged only 7 ounce in ilver 
totheton;itcontain d6 porcentofleacl , howe,er,and 
in pite of the high co t of fr ight yi ldod a profit 
owinO' to the high pric f lead (7 cen a pound) th n 
ruiing. It h a,.ing thu be n proved that Leadville ore 
could be worked at a profit pro pecting wa carried on 
vigorou ly and th nex eli overy wn hat of GaUa
gher Brother~ on th amp Bird laim, uppo ed o.t 
that time to be the northern continuation of the iron
lime outcrop. Thi d i over.r wa made lR te in the 
fall of 1 76, and the !aim now form p.u·t of th prop
erty later l nown n · th ~\.rgentino Mining Co. The 

. Y. mine, on the southeR t lop of Iron Hill was 
also lo a eel in lc 76 h:r A. Y. Corman and other . 
During the winter the Loua - D rry mine wa~ eli ov
ered by two pro p ctor of the~ name , who r tained 
O\vner hip of the min for many ' ars and be arne 
wealthy from it ' produ t. In the spring and ummer 
of 1 76 eli coveric wPre made along what wa. then 
known as the second onta ton arbonate Hill, where 
the arbo11t1te and hamrock min were the first to 
yield con iderable quantitie of or . 

In 1 77 the £amou::s ore boclie on Fryer Hill were 
discover d by a singular chanc . t thi, point thoro 
i no outcrop, the whole urface of th hill being 
covered to an a\erage depth of 100 feet by cl trital 
material. Tradition ha it that two pro pectors were 
grub tak d by 1r. Tahor, half of all th y eli over d 
to b long to him. .Amon()' th provi ion wa a jug of 
whi kev whi h pro,cd o trong a temptn.Lion to the 
pro pectors that th y topped to di u it contents 
b Joro they had aon a mil from town. When th 
whi ~kcy had eli app ar d, though it influence wa 
probably till f lt , th " concluded that the pot on 
which the.~ had thu prrmaturely amped wa. a go cl 
a it for, pro p cting hole a~ an.r other. At a depth 
f 25 r 30 feet their haft tr!lC.k th famou ore body 
f th Littl Pit burgh min , at tho only point on the 

whol ar a of the hill wher rock in place comes o 
n ar the urface . Di co' ri rapidly multiplied in 
thi r gion; immen e amoun of or were taken out, 
and th claims changed hand at price that advanced 
with man- lou rapidit into the million . A half 
intere t on one claim, which wa old one morning 
for 50,000 after b ina transferred through several 
hand , is said to have been repur ha ed by one of 
th original holders for ... 225,000 on the followjng 
mormng. 

The foundation of Mr. Tabor weal h was laid in 
th :first di covery on Fl·yer Hill , but it amount was 
materially increa d in a inaular way. When the 
fame of the rich di ov ry of Fryer Hill b e arne known 
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at D enver whole al deal 1 , from whom he wa in th 1 7~ wa. followed ?Y a.reaction, as is indic~t d by the 
habit of b~ying hi pro\i ion ommis ioned him to decline 1.0 productt n m 1 1' and the dt irict tb 

settled down to a long period of pr perity. en buy for them a promi ing laim. On his return to 
Leadville, in accordance with the agreement, he p~r- On May 26 , 1 0~ stril e st:.·t~d at the in tigation 
chased on their account for tho um of 40,000, theclatm of a miner named ooney w lC tied up the lllin , 
of a somewhat notoriou pro pector, known a Chicken f r 22 days. For 11 time it assumed a character es 
Bill, on what i now Cbry olit ground. hicken Bill, 1 threatening that on Jun 13 ma.rtiallaw wa declare~ 
in hi ha te to r ealize had not waited until his haft. by Govorn_or Pitl in and by Ju.ne 1 ord .r wasre tored 
roached rock in plac~ but had " altod" it with o~e and tho mm resum d operatwns. Thts strike wa 0 

taken from a neighborin()' mine. fter the bargam brief that it had no ff ct on tho eli trict' production. 
had been concluded he could not r i t the temptation 
of r elating to a few of his friend the part he had pla ed 
in tho tran action. Tho report of what he had done 
thus r ached the ea1 of Mr. Tabor's Denver COIT pon
dents before he him elf arrived to deliver the prop rty; 
not unnaturally they doclin d to receiv it, and Mr. 
Tabor was obliged to keep it for him elf. With his 
associate , under th title of Tabor Borden & Co . he 
afterward bought and developed om adjoining claim , 
froin which they arc aid to have taken out about 

1,500,000 and later to have sold their property to the 
Chrysolite Co. for a like sum, probably in 1 79. 

In 1 77 Mr. Meyer persuaded the t . Louis melt
ing & Refining Co. , of t. Louis, Mo., that a m Iter 
should be erected at Leadville. This company started 
building in 187 the plant later known as the Harrison 
Reduction Works, which commenced smelting in 0 to
her, 1 7 . This '~a the sixth smelter built in the 
district, aHhough three earlier one -the Malta and 
the Lizzie, at Malta, and the Leadville, in California 
Gulch-were not succo ful. The Grant smelter 
and the La :Plata melter, both in California Gulch, 
commenced smelting in Juno and eptember, 1 78, 
respe tively. 

Although the production of the Leadville district 
has since been exceeded by that of other districts, in 
only a few of them has the maximum value of produc
tion been attained so oon after di covery. The first 
shipment oflead carbonate wa made in the fall of 1 75, 
and in 1 80, only five yem later, the annual produc
tion amounted to nearly 10,000,000 ounces of ilver 
and 66,600,000 pound of lead, and its total value to 
nearly . 15,000,000. 

It i natural that this exceedingly rapid rise to com
mercial pro perity hould have produced a typical 
w torn boom, during which overspeculation wa rife 
and lawless character were attracted in great numbers 
to the town. In 1 79, when the boom was at its 
height, the city abounded in footpads, and a saults and 
holdup were o common on the streets at night that 
the citizens dared not v nture out alone, and even real 
estate was sometimes boldly appropriated by armed 
ruffian against whom the owners had no redl·es . . 
Finally the 'overtried citizens organized a force of 
vigilantes and hanged two of the most noted characters, 
so that with the passing of the boom year the town 
assumed a more law-abiding character. The boom of 

ADVE T OF THE RAILROAD 

In the earli r years of Leadville's hi tory-that i, 
until the de elopm n t of the 1 ad arbonate ore hnd 
brought real pro pori Ly to th district-the only mean' 
of tran portation for r and uppli wa the pack 
train. Early in th ilvor p riod, how ver, with the 
characteristic ner()'y that g n rally f llow o closelr 
on the heel of important minin()' eli cov ries , railroa~ 
w r extended to th di tri t and afford damp! mean· 
for the importation of upplie an l th xportation of 
ore . 

The fir t railroad that mad a near approach to the 
di trict was the D nvor, outh Park & Pacific. Th~ 
line wa started in 1 77, b fore the comm rcial impor· 
tance of Leadville had b en appreciated, and when in 
1 7 the Lead ille boom b gan,' ork wa vigorouly 
pu hed with a view to the acqui ition of the traffic 
which so prominent a mining c nter would be certain 
to furnish . The road follow d the Platte anyon and 
then climbed up out of the canyon into outh Park 
over Keno ha Ilill. Early in the pring of 1 0 it 
reached Buena \ i ta, and th n th end avor to reach 
Leadville was abandoned, as th D UY r · Rio 
Gra1 ie and the At hi on, Topeka & antaFehad both 
secu ed the right of way up th valley of the Arknnsa. 
Aite: the con truction of Lh Denv r ' Rio Grande 
line. however, the outh Park road by agreement Wll\ 

ena?Jled to u c it tra from Buena ista into Lead· 
ville. In 1 4 Lead ill wa connected with omo. 
on the outh Park line, by way of the East Forkof 
Arkansas River, Fremont Pas , Tenmile Creek Blue 
River, Borea Pa , and Tarryall Cre k. Thi line·. 
now a part of the olorado outhern y tem. 

The first railroad tor ach Loadvme wa the Dourer 
& Rio Grande. This road (now the Den or · Rio 
Grande We tern) run tlwough the impro ive canyon 
of Arkan as River-the Royal Gorge-to alidn and 
thence up the beautiful open vall y of the riw to 
Leadville. The first train was operated Augu t _2· 

1 0. even years later the Colorado Midland Ratl· 
way, running ea tward from Colorado prings up the 
south fork of North Platte River into ·th Arkan a 

1 Valley at Buena Vi ta and thence up the valley, was 
extended into Leadville . Its track wa completed 
and its ftrst regular train run into Leadville on CJl' 
tember 3, 1 7. 



PBODUCTIOX, HISTORY, AXD MIXE DEVELOPMEXT 119 
lU E AND FALL IN PRODUCTION OF EACII METAL 

The economic history of the Leadville district dur
. u the silver-lead period may best be appreciated by 
:terence to Figures 40, 42, and 43. 

From 1 76 to 1 80 the total value of metals pro
duced roe to nearly $15,000,000, from 140,000 tons 
ofore. ilver then reached its maximum output, as 
the ore mined was ri h in chloride and bromide of sil
>et· After the reaction of 18 1 production increa ed; 
in 1 3 lead attained its maximum output, but the 
output of silver did not equal that of 1 0, as the sil
>er content of the ore had already begun to decline. 
Owing to changing price the maximum value for this 
part of the period was attained in 1 . 2 and wa not 
exceeded until 1 912. 

The production of s ilver and lead continued stead
ily, but owing to decreasing richne s of the ore and 
uenerally declining price of si lver the quantity and 
0 

value of each metal doer a ed on the whole, ~I though 
there wa an increas in the tonnage of ore mined. 
In 1 7 the ratio of ilver to lead was 1 ounce to 3 
pound ; in 1 7 and 1 79 it was 1 ounce to 5 pounds, 
and thereafter it declined annually until in 1 84 it 
was I ounce to 13 pounds. In 1 5 it increased to 1 
ounce to 9 pounds, owing to the production of consid
erable ilver from lode gold ore; but from 1 6 to 
I 90 it wa about 1 ounce to 14 pound . The price 
of ilver decreased from $1.27 a fine ounce in 1 74 
to 92 cents in 1 9. In this year work was begun in 
the Downtown district , and by 1 91 10 shafts had 
been sunk and ore discovered in four mines. The 
Downtown district became the center of mining activ
ity in I 92 and continued to be the center for the 
next three years. 

An added impetu was temporarily given to silver 
mining by the rapid ri e in the price of ilvor from 9 
cent a fine ounce in July, 1 9, to 1.17 in Augu t, 
I 90, but his advauc wa imm"diat ly followed by 
a pronoun d fall in il r pric . From 1.17 a fin 
ounce in ugu t 1 90, th pri e f 11 to 61 c nts in ' 
~larch 1 94. Tho mo t pr cipito.te drop occurr d in 
he ummer of 1 93 and coupled with tho eri us finan-

1 

cia! depr ion of that ar, re ult d in an almo t 
complete hutd wn f the ilv r-lead mine of the 
district in June. nl the mine that produced gold 
0~ had the ri h r bonanztt r w re able to con tin u 
operation . In o~ ruin the pulling of pump pre
paratory to the final abandonment of the properti 
was contcmplat d, anrl it was for a time f ar d that 
the mining of the . ilv r or of the di trict might not 
he able to recover. 

1'hesc extreme m asur however, prov d unn -
ary. A partial readjustm nt to the condition of 

extreme depr ion wa effected by an a!!.r ment be
tween mine owners and labore1 , reached on eptom
~r. 23, 1 93, for the adoption f a lower wage cale. 

hiS rnca ure enablerl m t of th min to r ume 

• 

operation and materially a i ted in tiding over a diffi
cult stage in si lver mining. 

The results of the decline .in the pri e of ilver were 
somewhat off3et by the added timulus given to the 
pro pecting and mining of gold. 'l'he gold-producing 
area of Breece Hill and vicinity had been attractina 
attention since the exploration of the Ibex mine i~ 
1 91, and under the stimulus of decliniug prices of 
ilver the search for gold ores so increa ed that the 

production of gold rose harply from 251,269 in 1 92 
to 1,499,314 in 1 93 . ince then the annual produc
tion ha fluctuated only slightly from this :figure. The 
maintenance of the total production of silver with o 
light variation during the period of rapid decline in 

price of silver that culminated in the hutdown of o 
many of the silver-lead mine was due in part to the 
large amount of silver recovered from the newly ex
ploited gold or . The increase in production of sil
ver in 1 95 is due to the arne cause. 

The mining of ores of all cla es art Leadville grad
ually recovered from the effects of this de line in 
prices of silver and continued succe fully over a lona 
period in which the price were much lower than at 
the time of the hutdown in 1 93. Thi inter ting 
fact appears to show that it was not so much the 
price of silver that prevented profitable mining as the 
rapidity with which the pri e fell. If the d cline from 

9 cents in 1 9 to 61 cent in 1 94 ha be n grad-
ual the mining companie might have ad ju ted them
elve to the chanaing condition and the industry 

need have suffered no eriou setback. In this a pect 
the sudden ri e in the price of silver in 1 90 is to be 
regarded as a eriou misfortune, f r it undoubtedly 
encouraged the und ertaking of mu h mining work 
which could not have continued profitably unles the 
prevailing high prices were kept up. Production of 
silver was retarded by the trike in 1 96- 97 ( ee pp. 
120- 121) and h n nLinu d teadi l , buL since 1900 
th ou putof ilverandleadon thewholeha d creased . 

In the wint r of 1 9 th mine were larg ly hut 
down by the mo t prolonged now torm in the hi tory 
of the di trict. now f 11 teadily for 57 days and 
blo ked all rout of tran portaLion. In the ummer 
of 1 99 a m lter trik, interfered with the acti ity of 
th distri t and for a time threat ned to be erious. 

By 1 90 the average alculated gros value of metals 
r covered from the ore mined which wa 105 a ton 
in 1 0 and 52 in 1 4, had declined to less than 
.,. 25. It decrea d further in 1 91 but returned to 
n ru:ly 25 from 1 92 o 1 95. It then deer a ed 
a.lruo t con inuously until the beginning of the zinc 
p riod in 1902, when itwa only 11.37. Thi decline 
wa. duo in part to th gradual depletion of oxidized 
ore and he opening of ulphid ores, but more par
ti ularly to the application of milling to the sulphide 
ore . Wh n Emmon ' :fu· t u1·vey wa completed, in 
1 1 almo t th only ulphide reached w re isolated 
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rna e of galena with the oxidiz d or . In that year , 
howe er, a body of galena and pyrite 7 fe t thi k wa 
found in the Wolf tone mine 663 f e t b elow the surfac . 
In the Ruby mine , on Iron Hill, tr -ak of galena ftnd 
pyrite had also been found. The Miner Boy on 
Breece Hill, wa producinO' ulphid and th Tiger 
mine, on Ball Mountain , wa p rodu ing galono, from a 
vein in Gray porphyry. 

In 1 2 several of the molting compani in talled 
plants for the treatment of sulphid , and in 1 3 the 
min on Iron Hill notably th A. Y. and Collateral, 
opened large bodies of ulphide. . Th production of 
sulphide ore offered a rious metalluro-ical problem 
to th smelter . The oxidiz d ores had con i ted 
mainly of lead carbonate and ilv r chloride, with 
oxid of iron and ma,ngane e anrl varying quantiti 
of silica. The fu·,t ulphid r ached were pa.rtly 
leached anrl cons i ted mainly of galena and pyrite, 
with varying quantitie of carbona te and ilica gangue; 
but below the zone of 1 aching the ulphides con tained 
large quantities of zinc and mall quantities of copper. 

Zinc in or old to the l ad bla t furnace or copper 
furnace ha always b een and till i penalized by the 

opper ha alwfl. s been fl. ry minor product 
1 

th L ad ille oro . on wa found iu Lhc ox"ldi 
0 

zed 
sil r-lead ore nod, x pt in a few plac only 

. h ' very 
mall 1 er ntage m t corre ponding sulphidn 

f h l. . " ores 
of th we t rn part o t c 1 tn t; alLhough bee , 

. . t } fi\lse o! then· great qu~n~1 y t1o e _oros contribut d mate. 
nally to the dt tnct produ tto_n of copp r. 'l'he ul
phide ore of the gold b lt contnbut d omowhatmore 
copp r per ton. o~o o~p . r wa doubt! s obtained 
from the corre pondtng o ' td .1z d ores, a indicated ' 
~a~e 129, wh re Lhe ompo it!on of imilarorc ( oxid~~: 
tll ou copp r or: ) mm d m r c_e~t years i tatcd. 

The copp r or 10 both tho ox1d1z d and ulphid 
zone form local h ot. in th gold and gold- il>e~ 
ore . 

The produ tion of c pp r b egan in 1 4 but did not 
a ume fl.ny importanc until 1 90, \hen one of the 
ex ptional d po its wn found in the Henrictt- 1aid 
of Erin min . It r ach d a maximum in 1 92, when 
a con idcrablo qunntit of copp r ulpha. t wa found! 
in the Ibex min j u t abo and grading into the uJ. 
phid zoo . For a tim hipm n t of thi unu ual ore 
amounted to 70 ton a day. inc 1 92 the output of 
copp r ha fluctua.Lccl and hown n lofinit relation 
to the output of any of th other m Lals. 

Zinc WAS al o a ry minor product dming th' 
period, a set forth in the ct ioo O\ering the zinc 
period (p. 121 ) . 

THE TR.TKE OF 1 96-97 

The s trike that oc lilT d in 1 96 clo ed nca.rl.r all 
the mines for four m on th and m ay be regarded a one 
of the oriou trik in tho arly hi tory of the w "t· 
ern m tal indu Lry . nlik th e trik of 1 0 it Wll3 

tartod by th a ti v iti c f d l ga Le of the IV tern 
Feder a tion of Min 1 . Tho trouble aro over ihe 

melter if over 10 per cent and un til a mark t was 
establi hed for zinc or wa r garded by the miners 
as a thing to be avoid d. Only sulphide ore from 
which zinc ha'd been leached or could be r eadily sepa
rated were mined. Th e or contained more ilver 
than the unleached sulphides but le~ than the oxidized 
ore or the residual rna es of enriched galena wi thin 
the oxidized ore, and the total value of ore produced 
therefore deqreased while th quantity increased. The 
percentage of lead in the ore probably decreased al o, 
but records of the quantity of ore produced are too 
few Lo afford compari on . The decline in pr duction 
of lead were due largely to the bu ine depr sion of 
1893 and the miners' trike in 1896-97 (pp. 120- 121) 
rather than to exha u tion of known or ' r e er v . question of wage . Th n oT ' m on t made between 

1 the min owners and miner on ep Lemb r 23, I 93, 
after the decl in in tho pri e of il\er, had reduced 
wag from 3 to 2. -o a day during fl.ll m nths when 

The r a tio of ilver to lead hown in Figure 42 do 
not repr ent the oxidized a nd suJphide lead ores 
only, a considerable ilver came from gold or , par
ticularly from the An lio hmine in 1 5 and from the 
Ibex and other mines in th e gold b elt during 1 93 and 1 
later years . By 1 95 , when work on the Yak tunnel 
began, the gold b elt, which includes Printcr Boy Hill , 
Breece Hill, and the area to the north and northeast 

I 

became prominent. The oxidized ores first discovered 
changed downward into sulphide ores, but con iderable 
contents of gold and silver, though not in constant ratio 
to each other, con tinned to the lowest levels reached. 
The marked ri e in gold production to its maximum 
in 1900 was due to the opening of gold ores in the 
Penn and Ballard mine , on the northwest slope of 
Breece ill. These mines were large producers for a 
hort time, but th bulk of the gold continued to come 

from the Ibe..'< lod . Tho maximum tonnage of ore 
wa. also shipped in 1900. · 

ilver did not reach 3 Y2 cen a fin ounce. In all 
months when it reached or xceeded that figure 3a 
day was to be paid. During the next three years il
ver never r eached th 3 ,Y2-cen t limi t, and althouah 
the increa ed production of gold h11;d enabled the 
camp to recover, wage had, in accordance with the 
agreement, remained stationMy. The di atisfnction 
arising from this condition continued to inCI·en e un· 

1 til it culminated in a trike on June 21, 1 96 , when 
1,600 men walked out and 90 per cent of the mines 
in the district hut down. The strike continued un til 
March, 1 97 . 

At first the strik rs woro orderly, and little trouble 
was experieneed, buL the importation of nonunion men 
led to the u ual difficultie , and con'dition soon become 
so threatening that in several of the mines arsenal 
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insta.lled and armed guards employed, and at the 
::mine a stockade wa built completely ar?und the 

pertY. ntil eptember 20, 1896, practically no 
pro·ng was done, and even the pumps were idle. On 
~~date the militia was called out and work was 
1 ~umed on a mailer scale. These conditions contin
resd over a period of nearly nine months, but the 
~eportation of new men and the gradual resumption 
~operations r ulted eventually in the defeat of the 
nion and on March 9 the strike was decl~:~red off. 

u Th~ effect of this strike was s rious. The produc
tion of all cla es of ore except high-grade gold ore fell 
ff enormously. The production for 1 96 repre ents 

:!most wholly the first ix months of the year, as may 
be een from Lh udden drop in all the production 
curn~ for that year. ( ee fig. 41.) The drop was 
still greater in 1 97, although the strike terminated in 
)Jarch, because many of the mines were flooded and 
had to be pumped out befor op rations could b re
umed. The proces of unwatering offered more than 

the u unl difficulti in the Downtown mines, because 
the urfa.ce waters that had filled the mines had car
ried down with them great quantiti of extremely fine 
silt compo ed of di integrated grain of dolomite, lo
rn!ly known a "dolomite and," whi h was deposited 
in all drifts and stopes, filling many of them nearly 
olid from floor to roof. This ina terial had to be mined 

out, a ta k that va tly increased the expen e and the 
length of time required to reopen the workings. In 
fact, in 1901, fi e years later, when Irving first vi ited 
the di trict he found many drifts still filled n arly 
solid with dolomite sand. In orne places the expen e 
of reopening could not be borne by the owner , and 
many min ~ , notably the group on Fryer Hill, were 
abandoned. o attempts to reopen them were made 
for more than ten years. A few in which the silt has 
not been removed stand idle yet. o wid pread' as 
the floodina o£ th mine that it· v n no' cu tomary 
to refer to the trik da · a th time of the " flood. ' 

In th min of th D wn town di tri t, ben ath the 
city of Leadville, ' h re th drainag problem w r 
the roo t diffi ult owing to the lower al itudo of the 
urface attcmp to unwater h min did not b gin 

until October, 1 9 , wh n a pumping ociation om
posed of practi ally all th I a ing compani and O\ n-
ers of land in th ar a was form d. n' atering wa 
completed in April, 1 99, wh n 15,000,000 gallon a 
day was b ina r mov d. 

ZINC PERIOD, 1903 TO THE PRESENT TIME 

GROWTH F ZIN PRODU TIO 

'fhc first recorded output of ziuc was made in 1 5, 
~ut the production of zinc, like that of copp r, wa 
msignificant for s v ral years . Mu h zinc blende from 
which galena had b en eparated w discard d. and 

99271- 27t-lO 

either lo t or reclaimed later, when the demand for 
zinc became appreciable. The zinc produced up to 
1898 evidently came mostly from concentrates from 
mixed sulphide ores and to orne extent from hoots 
of zinc blende accompanied by only mall amounts of 
other minerals . In 1899, however, the hipments of 
zinc ore and concentrate began to arow rapidly, owing 
to the enterpri e of a broker, who bought cheaply the 
unvalued zinc products and hipped them to Belgium. 

oon afterward American plants began to buy the 
zinc products, hitherto avoided becau e of their iron 
content. In 1902 the output of zinc exceeded that of 
lead, and in 1903 the value of i output exceeded that 
of silver. ince then it ha led all the other metal in 
quantity and value of output except in 190 , when the 
sudden fall in the price of zinc, due to the finan ial 
depre ion, reduced the value below that of silver and 
gold, and in 1921, when, during the wor t depre sion 
in the history of the di trict, there wa almost no mar
ket for zinc. The maximum output of zinc from ul
phide ore was made in 1903, and th light decline in 
1904 was evidently due o the failure of new develop
ments to k ep pace with production. The maximum 
value of zinc from ulphide ore wa recorded in 1906. 

In 1907- occurred a financial panic which seriously 
affected Leadville mining. ilver, lead, and zinc de
clined abruptly in 190 to less than 50 per cent of their 
values in 1907, and with them fell the total produc
tion. During the panic, when the pric of all the 
metals except gold fell ·o precipitately, the output 
of copper and gold remained unaffected. The main
tenance of gold is readily under tandable because its 

1 price is tandard, and the increased production of copper 
I in spite of a decrea e in price ignifies that the bulk of 

the copper produ ed wa a by-product of the gold ores. 

DI COVERY AND DEVELOPME T OF OXIDIZED Zl ' 0 ORE 

Recovery from th d pr - ion of 1907- was low. 
The Do' n town ar a had again become flooded , and 
plan for unwatering it w r not carried out until1914. 
The par~ of Iron and Bree e hill drained by the Yak 
tunnel, th n about 3 mile lona, \ ere more favored, 
but Leadville futur did not look very bright until 
th eli covery of large quantities of oxidized zinc ore in 
1909 and 1910. That thee ore had been overlooked 
for 30 ears or mor auscd both chagrin and amuse
m nt, and con id rable eli cus ion aro e a to where 
th blame hould be pla eel . Old hafts had b en unk 
and drifts opened through thick bodie of he ore, and 

, it had be n expo eel along the ide or floors of lead 
carbonate top ; n verthelc s all who had had the 
oppportunity to recognize it-practical minor~, engi
ne rs , and geoloo-i ts-failed to note its pre ence in com
m rein] quantity. The recognition of th e ore finally 
came ju t when the eli trict needed timulation . 

• 
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EARLY RECOGNITION OF ZINC CARBONATE AND SILICATE 

The pre ence of both ilicate and arbonate of zinc 
had been recognized as arly as 1 2, a shown b.) the 
following quotation :5 

Mr. Garri on (of t. Loui ) makes the prediction that at an 
early date Colorado will be made tributary to the we tern 
spelter industry. Probably the first call will be lJolade for car
bonates, calcined before shipping. This clas of zmc ore often 
so closely resembles lime tone that the ordinary prospector 
would not detect its value. If we remember correctly, Prof. 
Konig, of Philadelphia, has found calamine, or carbonate ore, 
in the vicinity of Leadville. hould a closer search, which we 
trust will be made at an early date, reveal the pre ence of 
larger bodies of this ore, zinc mining might soon be added to the 
list of Colorado industries . 

Zinc wa th n evidentlv of insufficient interest to 
stimulate prospecting for b-odies of high-grade zinc ore. 

In 1 1 or later Emmon 6 noted the occurrence of 
calamine at Leadvill and mentioned zinc bl nde and 
calamine as acce ory min erals. He evidently hnd 
con idered the problem of the di position of the zinc 
in the oxidized zone, as he show in hi de cription of 
the old Iron mine: 

In the body of the limestone, on the eighth level, not far from 
the north incl ine, a natural jointing plane forming one wall of 
the drift was ob erved to be coated with fine, ilky white cry -
tals which chemical examination proved to be calamine or 
silicate of zine. If the sulphureted ores, which will undoubt
edly be found when the mine workings shall have reached the 
limits of the zone of oxidation, are as rich in blonde as those which 
have been found in the A. Y. mine, it seems singular that little 
or no zinc has hitherto been found a sociated with the oxidized 
ore. This occurrence would seem to show that, owing probably 
to greater solubili ty, the alteration products of blende have been 
removed during secondary d position to a greater distance from 
their original location than tho e of the other sulphurets. 

Again , he writes: 

Zinc occurs in the lead carbonate ores in very small propor
tion and probably in the form of silicate (calamine), since thi 
is the only mineral of zinc that has been observed in the Lead
vUle d posits. It is rarely vi ible and generally forms fin , 
needle-like silky-white cry tals, lin ing drusy cavities and cracks 
or join ts in vein material and limestone . There is little doubt 
that it originally occurred a zinc blende, and, from analogy with 
the Tenmile deposits, it may be presumed that it for111ed a much 
larger proportion of the depo it than it does now. The much 
greater solubili ty of its sulphate than that of the other metals 
would account for its more thorough removal by surface waters. 

He not~d the absence of zinc in analyse of samples 
of basic ferric sulphate, a feature in .accordance with 
the ob'ervation , quoted above that the zinc had been 
further removed from the original ore bodies than the 
other metals, owing to the more r eady solubility of its 
sulphate, and he states that in spite of the comparative 
ab en e of zinc this metal wa " quite uniformly 
detected· in the produc ts of smelting." 

The analyses of different vein materials show little 
or no zinc. A siliceous hematite from the Chrysolite 
mine, carrying 2.56 per cent of zinc oxide, was aid to 

• Eog. aod Mln. Jou r., vol. 34, p.lR,l 2. 
• Emmons, S. F., Geology and mining industry or Leadville, Colo.: U.S. Geol. 

Sun·ey M oo. 12, pp. 37R, 3 9, 3n , Mi, 550, 556, 557. 560. 1 6. 

contain 'a rath~r unu u~l per ntag of zinc.'' As 
th e ein mat nal ' er m largo part imilar in col 
and o her i ibl featur o the r ddish-brown / 

b . 11 f ~ ores now mined, tho a n e m a o th m of any con. 
siderabl amount of zin may w 11 have diverted Em. 
mon ' attention, both then and in later years fro 
uch iron- tain d bodie as po ible oxidized zin~ or: 

\ ry li ttle drifting or other work beneath the old lead 
stopes had th n b n done, and no ground with 
abundant pock ts of alamine, uch a characterize 
mu h of the oxidiz d zinc or mined since 1909, had 
been expo ed. Ev n aft r som of the xten ive zinc 
ore bodie had been expo d along drif and other 
workings th trong re mbla.n of th reddi h-brown 
ore to iron ore at on xtr m and i.ron-stained lim tone 
at tho oth rand the clo re emblanc of thegrayoreto 
partly leached but unstain d bm tone wer hardly 
lik ly to lead one to u pect th pr nco of high-grade 
zinc ore. Th se or are in gencrHJ o different in color 
and t .'ture from tho more cry talline and brilliant pee· 
imen from other di tri , o common in mu eumsand 
other collection , that fai lure to recognize them with· 
out hemical examination i not urpri ing. 

Emmon , howev r , did r cogniz tho rather ex· 
ceptional occ nTence of mall quantiti of thedense 
white zinc ore that i id nti cnl in app nrance with 
"Chine e tal ,"a hown by hi di cu ion of the anal· 
y e . H e r gaTded thi material a. a mixture of hy· 
drated silicate of alumina and silicate of zinc and 
r emarked that "the o urrcnce of the zinc wa ome
whatunexp cted." In theoxten iveminingofox.idized 
zin orcs during tho la t fow years oro of thi type 
ha be n found only in mall quantiti nnd of ngrade 
too low for hipment xcept during a hort time when 
the price of zinc wa abnormally high. It i indeed 
triking that n ne of the many pecim ns of ores nnd 

vein matter taken during the ext n ive tudy of the 
or sin tho oarli r day proved Lo contain uny on ider· 
able quantit of zinc carbonat . 

In 1 9, after a period of exten ive development, 
durin g which many of the oxidized lead bodi had 
been followed down to the ulphide zone, Blow7 called 
attention to the abundance of zinc blende ju t below 
the zone of oxidation and off red the conclu ion thai 
it wa the result of downward ulphide enrichment. 
In his own words, 

The zinc sulphides are the most widely dis eminated and 
show plainly the resul t of their more ready olubili ty than tbe 
other sulphidEW and the redeposition of a large portion of th.e 
zinc, which has thus been removed from the carbonate ores. Thll 
fact is clearly shown in many ways but most sati factorily jll!i 
at the line of t ransition. The su lphides first encountered are 
invariably heavy sulphides of zinc, carrying a li ttle iron and 
very little lead. They have a close crystalline structure and 
lie in a laminated form, the lines of fracture being nearly l'er· 
tical. Upon these cleavage planes crystals of ceru s i teare fo~nd 
and often a small incrustation of native silver. Such depo Jt!, 

7 Blow, A. A., The geology nod ore deposits or I roo Hill, Leadville, Colo.: Am. 
lost. Min. Eng. Trno ., v I. I , pp. I - 172. I 90. 
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first encountered in passing from oxidized to unoxidized 
~·here t · ·1 I th · f h t · are always lowes 10 s1 ver. n e1r urt er ex ens10n the 
ores'gradua.Jly grows less and the laminated structure disappears. 
~:;ond this, again, the zinc sulphides appear to predomin~;tte 

1 
g clea.vage and contact planes with the gray porphyry, or 

3

1
°0g the lines of minor faults and cracks in the limestone. uch 

a;acteristics are also universally obser ved in other instances 

~ides those of Tron Hill: ~ * * . 
In advancing further w1thm the ore shoots the zmc. appears 

1 
lo e its preponderance over the other sulphides. * * * 

1~ seems probable that a large proportion of the zinc, which 
totally removed from the carbonate ores, has been rede

fs.'lited as a sulphide, and principally just below the line of com
~te oxidation, by surface waters, and such redeposition has 
pdYanced and increased pari passu with the limit and extent . 
a . 
of such oxidizing actwn. 

A 11 corollary of t he above, it is believed that at the present 
stsgeof development in Leadville, the sulphide of zinc form a 
larger pa.rt of the unox.idized ores than will be found in future 
and deeper explorat ion. 

This conclusion, in view of the fact that no zinc 
carbonate ore bodies had then been discovered or r ecog 
nized seemed \Cry plausible from the evidence in hand. 
It was evid ntly adopted by Emmons and Irving,S 
who wrote in 1907: 

The hydrous zinc sulphate is presumably more soluble and 
lr table than the corresponding iron sulphate. In Lead ville, 
uke gyp urn, which should have been formed by the reaction 
between iron sulphate and limestone, it is practically absent 
irom the oxidized zone and must have been carried away in solu
ioo or redeposited as a suJptiide below the zone of oxidation. 
I has, in fact, been observed that the sulphide ores are much 
richer in zinc blende immediately below the limit of oxidation 
than elsewhere. 

Thi hypothesis of downward emichrnent of zinc 
blende tended to delay the search for and di covery 
of the zinc carbonate ore , a~ the po sible existence of 
·uch ores mu t have been di mi ed from the minds of 
the geologists and consequently from the minds of the 
operators. The :field evidence on ~ hich thi hypoth
'i wa 1 ased, howe,er, may be interpreted in 

another way, o hown on pag 246; furthermore, lat r 
derelopm nt ha e hown that rich bodie ofzin blende 
are not limited to the top of th ulphid zone; finally, 
recent exp rimental evid n c and :fi ld ob ena tion 
in other part of h world hav ho'm that u h depo
jtion of condory zinc blend i v ry unlik ly. 

After th larg hipmen of oxidiz d zinc ore in 
1910 had attra d wide a tten ti n Emmon addTe d 
aletterfrom Dinard, Franc , to the L adville Herald
Demo raL,9 in whi h he a,id: 

.\t the time of my first study of th L adville district, in 
I , I was mu h puzzled to know what had become of the zinc. 
' * * I assumed then that owing to the superior solubility 
of the zinc sulphate, the oxidation products of that m tal had 
been carried much further than tho e of lead before being , 

.'Emrnons, S. F., and Trvlng, J.D., The Downtow·n district or Leadville, olo. 
· · Ocol. Survey Bull. 320, pp. 32- 33, 1007. 

. ' 'l'his letter, dntcd Oct . 11, 1910, bns been Quoted by tho Engineering nod Min-
~~ Journal ( ov. 12, 1910, p. 954) and by H. E. Burton in Mines and ::-!lnernls ' 

tbrnory, 1911, p. 436). 

transformed into the now stable carbonate and had po ibly 
been entirely removed in the run-off. 

Blow's observation that on Iron Hill secondary zinc blende 
had accumulated in the upper part of the sulphide zone seemed 
to account for some of the missing zinc, and from accounts 
published by you it is evident that much of it has accumu
lated as calamine in the zone of change from sulphide to oxide. 

Though I have particularly desired to study the 'zinc of 
Leadville, I have never been able to, because in 18 0 mine 
workings had not yet reached it, and when I next visited the 
district (1890) they had gone beyond it, and owing to the soft 
nature of the ground in that zone the drifts leading to it were 
for the most part caved and inaccessible. 

It certainly seems rather strange that those in charge of 
mines when this zone was exploited did not notice such bod ies 
of calamine as you describe, but it must be borne in mind that 
calamine is generally a white-brown earthy-looking material, 
which would not attract attention unless especially sought for, 
and that it was pay ore rather than material of only mineral
ogical interest that they were seeking, and at that time zinc-

• iferous ores were a particularly undesirable product. 

Another rea on, mentioned by everal writers,' 0 for 
the failure to recognize oxidized zinc ore i the fact 
that in the earlier days the presenc of zinc in the 
lead- ilver ores and aJ o in the iron ores was a decided 
detriment, and minern in consequence avoided points 
where a says showed a considerable percentage of 
zinc. According o G. 0. Argall and E. W. Keith, 
the presence of zinc wa e pecia1ly noticeable in ship
ment from the Carbonate Hill and Fryer Hill mines. 
The object of s arch in tho e days wa, lead- ilver ore, 
and a there was then no market for zinc there was 
no incentive to look for it, even though orne of the 
early operators may have recognized its character. 
Argall further tate that it wa after the gradual 
depletion of the ulphide ore and in con equence of 
the increasing expen e of deep operations that exploi
tation turned again to the upper levels in earch of 
ore that might not have been profitably mined when 
first opened and thus led to the discovery of the char
acter and value of the oxidiz d zinc d po its. 

RECENT DISCOVERY OF ORE BODIES 

Accounts of th re ent di covery of oxidized zinc 
ores in ex ten ive bodi at Leadville are not in accord.u 

orne tate that the di co,ery wa made through the 
curio ity of a Leadvill as ayer, who took the time 
and trouble to det rminc th con ent of a ample of 
high peeific gra ity, which had be n shown by a ays 
to contain little or no lead, sil er, or gold ; others t!J.te 
that the character of the rna terial was recognized by 
tho e '"' ho had dis overed and work d oxidized zinc 
ores elsewhere in th tate . According to J. B. 1c
Donald,11 .. 

ro Mining World, Dec. 17,1910, p. 1147. Keith , E. W., Lead ville Herald-Demo
crat, Sept . 20,1910, p. 1. Argall, 0. 0., Oxidized zi nc ores ot Leadville: Eng. and 
Min. Jour., Aug. 26, 1911, p. 309. 

11 Lend ville Hernld·Democrat, Sept. 11. 1910, and Jan. 1, 1911; Eng. j!lld Min . 
Jour, ov. 12, 1910, p . 95·1. and Aug. 26, 1911, p. 399; Min. World, Dec. !7, 1910, p. 
1147; Mines and Minerals, Feb. II, 1911, p. 136; Min. ct .. July 27, 1911, p. 85. 

"'PersonAl inl erv iew. A sim ilar account is given in Min. Sci., July 27, 19ll, 
p .. 
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the first silicate of zinc shipped from the tate was from t he shipped, but the in reusing price, whi h culminat d t 
Madon na mine at Monarch, Chaffee County, in 1902. * * * 7 cents a pound lat in 1912 an~ early in 1913, allow:d 

' h' d * * * The fi bl . . f t . 1 Several hundred tons of t he ore were s 1ppe · pro ta e mmmg o ~re con a.m.mg a . ow a 17 per 
first carbonate of zinc ever shipped from the tate came from cent, and th produ twn of OXldtz ·d. z.tn or iu 

1912 the Monarch Pool mine, at Monarch, and the two highest gra~e d t 
h St t t th 2:reatly incr a; . orne ore con amma a low n 1, cars of carbonate of zinc ever shipped out of t e a e 0 18 ~ b l M u 

day came from this mine. One car ran 46.7 per cent and the P r cent was hipped u t at a 0 0 t of the ore 
other 47 per cent zinc. shipped, how ver, a eraged ubout 30 per cent, nnd 

The following year (1903) Mr. McDonald and Mr. orne contain d a high a 40 p r cent . Th averaoe 
Harry P aul procured a lease on the Eclipse mi.n.e, at for all shipment wa 29.2 per ent. 
Monarch , and shipped a mi-xed carbonate and stlicate Owing largely to thi incr ase in pri o, whi hallowed 
ore almo t identical in character with that di over d everal small produc I of low-grade ore to hip at a 
in Lead iDe seven yetLrs la ter. Mr. M cDonald states profit, many en thu ia tic estimates were ronde of the 
that in the spring of 1906 he found the firs t carbonate vast quantity of or in r serve; but the rapid d cline 
and silicate of zinc ever found in commercial quanti- in price to about 5 cents a pound in the pring of 1913 
ties in the Leadville r egion. This wa at the Hill- for d most of the mall produc rs to top work, and 
top mine in the Hor e hoe district, which adjoins the production for 1913 was 1 s than that for 1912, 
the Leadville dis trict on the divide between Lake and and only a few proper tie be ides tho e of the We tern 
Park counties. Mining o. a t arbonnt Hill were ' ork d through· 

The first discovery of ore of thi kind within the out the year. Ore containing a li t.tl a 24 per cent 
Leadville district in r cent yea1 wa made in 1909 by of zinc, ho,Yev r , could be hipped at a profit durino 
W . E : J ones, a lessee in the R ober t E. Lee mine, who the summ r , and in 0 tober of that year it wn tated 
found a large body of zinc carbonate. hipments that 22 per cent ore could be mark ted. 12 

were made from this body and also from the P nro e In January, 1914, now m ltina r ate made it pos
dump bu t were of too lo' grade for treatment _and sible to hip arbonate ore con taining only 1 per cent 
failed to arouse much interest in oxidized zinc or es. of zinc. The average content of ore hipp d during 
In 1910 the firs t high-grade zinc or , repor ted as cal- that year was 24.3 perc nt, and in 1915 the averaae 
amine, was discovered by H. E. Burton, H. K. White, was 22.4 per c nt. In pite of this oppor tunity to 
and Alfred Thielen in a lea e at the Hayden shaft of ship lower-grade ore , and in pite of the report~d 
the M ay Qu een mine. Thi property was the first to opening of a large body of zinc carbonat ore averag
ship high-grade calamine ore. After this discov ry ing 25 per cent zinc in the upper lev 1 of the Wolf· 
S.D. 1i holson, manager of the Western Mining Co.'s tone mine in 1915/3 the production of oxidized zinc 
properties, began a search for oxidized zinc ores in the ore , as shown in the ac ompanying table, continued 
old workings of th e Wolf one and adjoining laims todecrea eduring1914and1915,the declinemorethan 
and di covered in th m the largest bodies ·yet found offsetting ub tantial in rease in output of zinc ul
in the district. o mu ·h were the owners impressed phide ore. Owing to the xtraordinarily high price of 
with the discovery that a banquet wa h old in one of zinc in 1915, however, the to al valu of zinc w more 
the larger st.opes (the " banquet hall stope") to cele- than double that of 1914. 
bratc a new ern of zinc mining. A general search for With the exc ption of a light gain in 1916, the pro
the ore throughout the di tri t followed, with there- duction of 0 -idized zinc ore continu d to decline 
sult that smithsonite and calamine in varying amoun ts r apidly. The great bodies in arbonate Hill, which 
were found in a number of propertie from Fryer Hill had come from horizons below the Gray porphF.r 
on the nor th to We ton P a s on the south. sill in the Blue lim tone, had become exhau ted, and 

PRODUCTION although another ext nsive body was found above the 
The e discoverie were made at a time when there Gray porphyry the quanti ty and grade of re from it 

was an increasing demand for zinc, and although ship- and smaller depo it throughout the di trict wore not 
m ents of oxidized zinc ore began only at the end of sufficient to maintain the output. 
1910, they became ver y large in 1911, off etting a The principal min producing o:xidiz d zinc ore 
mar·ked decline in the production of zinc ulphide ore from 1910 to 1924 are li ted below. Others were the 
and increa ing the output f metallic zinc in L ake Clover , Dome, Quadrilater al, ilen t Friend, Izard. 
County by 15,243,011 pounds. This increase, in spite M atchles , Mikado, Little liver, F ortune, Monte 
of a decrease of 7,996 ton in total shipmen ts of zinc Christo, Litt le Pittsburgh, Carbonate, R ubie, Il nwk· 
or from the Leadville di trict, was due to the higher eye, and Ruby (Weston P a;s ) . 
grad of the oxidized ores: At first only oxidized 
ores that averaged 30 per cent or more in zinc were "Eng. and Min. Jour., Oct. 18, 1913 , p . 761. 

"Mining Press, Mar. 20, 1915, p. 455. 
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Jlines produr.ing oxidized zinc ores, 1910-1924 

1910 ~I 1 1912 1913 1 1914 1915 1~16 I~~ 1919 1920 I~ 19~2 1923 I 1924 

y and Minnie--- ---------------- -- ------ ------ - ------- ~ -- - ----- X ---- ---- X == == -~- ==== ========-X--~ ~~lgi.nT-~--{ron--iJ~·~~- -iV{ini~g-Co-====== ============ ==== ==== ==== ==== -x --x- -x- -x- x I x I x - ~- -~- -~- -~-
e~:;,~: ::::::::::::::::::::::::::::::::::::::: ::::,: ~ :' ~ :::: :~:I=~= = ~ = =~ = ~ ~~~ . ~~ ~ ~ = ~ = = ~ = = ~ = =~= -~--
Chr) c·t hamus O'Bnen ___ ____ ___ _____________ _ ---- ------------ -------- X ---- I 

~;I~{ir;i~ ~~:: ~= ~=~: ~ :~ ~~~ :::: :~::: ~~:: ~: ~=: ~ ~ :: ::~ ~ : g: : F ~ - ~ -~--~- ~: ~: y~~~~ y: ~=~ ~=~~ ~: ~= ~ ~~: 
Highland Chief------------------------ ----------- ---- -X- X X X X X /-X- x ____ X I X X X I X 
Ibex (Little J onny) ----------------------- -------- - ---- I X X I I ---- ---- -- -- --- . 
La.Piata (Rickard)-------------------- --- ----========= -X- X x -~ - . ~ ·x- ·x-·x·,-x- ·x-j X X ____ , ___ _ Lillin n --.- ---------------------- ------------- X X X X _ _ _ _ X X X - - - - - - - - - - - - - - - - - - - - X - -- -Little Cluef---------- ------ ----------------------- X 1 X X I I - ~ ---- ----1--- -
Little Ellen------- -- ------------ ------- ---- -- --- -- -X- -X- -X- = = = = x x X -X- -X- = = = = -X --X X X ----

~:{~~:;===== ==~=============================== == == =~= -~- -~-= === -X -==== , ============================ ' ==== ~ew Dome (N isi Pr1 u ) --------------------------- - --- - ________ = = = = = = = = -X- -X- X I X x X X X L--

~~~~r~i·;;~-;;d- -~n~c~-= = = = = == === == = = = = = = = == = = = = = = = = = == = ~ = ~ x ---- ~ ; -- .. - = == = == == ==== = = == = = = = == = = === = RattlingJack.------------------------------------ ---- ____ -X- -X- X X -X- ____ 1 ____________ X X X Robert E. Lee - - - - - - - - - - - - - -- - - - - - -- - - - - - - - - - - - --- - - - - --- - x x _____ __ - ~ - ___ I_ _ _ _ . _ _ _ - - - - - - - - - - - - - -- · 
t. Loui tunneL----.------------------------- -- ----------======== - --- ~ ---- X X ____ 1 X X X X X X 

::;! ~~e~ci!~~~~t_?~~~=========================== ==== ·==== -x--x- ~ -x- ---- ---- ----1---- --~- ==== ==== ==== ===·· 
-~~ga~e~ 0-Jict~ted-(Mo~~iu'"g~-n-dE~~~i;g--t~~)======= ====-X- X X X ~ -~- -~ - ==?== ==== ==~= ==== ==== ==== ===: Tucson-:\Ioyer ----- -------------------------------- -- X X X X X · 1 • ~- --- ---- _ _ ___ --- " TipTop. and _vicinity (Harvard) --------------- -- --- ,----

1
--------1---- ---- ,---- , ---- ~- --- ---- --- -,----- -- I 

:\lahala ---- ----- -------------- -- -------------X - X X X X X X X ---- ---- ----1---- ---- ---- ----\\'e tern ~lmmg Co.: 1 X X X ____________ , ________________ ---- ---- ~ ---- X 

~~~o~!~d -C-Jont;~f(Ad-~~~-Co~)-== = ============ , - - -- X X X -X- ~ I ~ ~ rx· ---------------- ---- ~~-- -
~:&~~·::::::::: ::::::::::::::::::::::::::: :::: -~- -~- i ~- : -> ~: ':~ :::: : ~=: ~::~ : ~=: :? ~ : 1 :~: 
:\laid of Erin---------------------------------- -- - XX I X X X X X X I X X X --- - ---- ---- ----Wolltone ------------------------------------ X I I 

Yak tunnel : X x X X J ? --- - ---- - -- - ---- ----

~i\\0';::: ::: :::::::::::::::::::::::::::::: :::: :::: :::::-x- ::::I ~ !:::: -x- : ~: :::: :::: --,-- :::: ::: -x-

In the spring of 1914 the We tern Zinc Mining & 
Reducing o. b gn n th r ction of a zin oxide plant 
to tr at the oxidiz d ore .14 This plant, which had a 
capaci ty of 50 t n a day and wa de igned to treat 
zinc nrbonat or containing 16 per cent or le of 
zinc, w put int op ration in th fall of 1914'5 but 
was op rat cl for only a hor ime. In 1915, h~w-
mr it wa u · full r operated by th We tern Zmc 1 

Oxide o. on Jo"·-grade zin carbonat or , mainly 
from th R b r t E. L e mine, and ' as r port d in 
July to be ·icldina 150 tons n. month of a product con
taining 70 to 0 bp r enL zinc and r alizing 100 a 
ton.'1 mce then the plnnt ha been nlargcd and 
hn tak n n arly or quite th ntire output of o, idize l 
zinc or , nll of which have been of comparatively 
lo I' grn !e. IL ha b en operated almo. t continuously 
except during th ever d pre ion of 1921. 

"Eng. Bnd ~1 i n. J ur., llfar. , 1914 , p. 6i6. 
" Min. Rnd Eng. World, l'\ov. 14, 1914, p. 92. 
11 ~1/n. Pr , July 24, 9115, p. 144. 

\\1\ 

of tho 

oxidized zinc ore . The o sulphide ores came largely 
from mines erved by the Yak tunnel, which in 1912 
reached the Diamond mine beneath E van Gulch, 4 
mile from i ts portal; al o from mines of the Iron
Silv r o. in Iron Hill. 1 he average character of the 
ulphid ores i hown on page 126- 12 . . 

While th e mine continued productl e plan were 
perfected to unwater th e D owntown and Fryer Hill 
areas. nw-at ring th D own town area through t~e 
Penros haft began in 1914 and wa c?mpl~t.ed m 
1916, and the min has in e been producmg d1fferent 
cla es of oxidized and uJphide ore . It wa k ept 
op n during the trike of 1919 and the d_epre ion of 
1921 althouah produ tion wa not con tmuous. In 
1924: howev:r·, work on the lower lev 1 wa di co?-
tinued and in 1925 the mine wn. clo eel ; but late m ' . . 
1926 plans were made to unwater the rome agam . 
Unwatering of he Fryer Hill ar a throuah th e H_ar
vard shaft wa compl ted in 1917, and production 
of oxidiz d and ulphide or proceeded for a t ime, 
but the ro ult ' r di appoin t ina, and in 191 work 
was discontinued. 

About this time the Grnham Park area was also un
watered, and con iderable ulphicle ore wa mined, but 
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' hen the miners ' sLriko o curred early in 1919 and th been kept in e 190 and ar pr on Led in lh tables 
high o t of operation wa Jea>ing no profit Loth oper- on pag 126- 133. ( al 0 P· 330 .) During this 
a tors tho ground wa on e more flood ed. Wh n tun~ time, and probably throughout the zinc period, the 
began to improve in tore t in thi area wer on oh- output of ulphide ore ha ~r. domi~at d except in 
dated and in 1923 unwaterino- 'a once more un lor- 1912, wh 0 th utput of oxJdJzccl zmc ore reuched 
taken' under the management of George 0 . Argall. its maximum. e fig. 44 ·) Th pro lu Lion from 

hipments of ore wcr r umcd in 1925. sulphide oro wn b low. 
Another project, begun in 1922, is the driving of a ZZ61 

tunnel . 60° E. from tho west lope of anterbury 
1, I Z61 

Hill to prospect and drain tho ground as far a tu 
north ba e of Ball Mountain. The portal is 10,077 ozG 
feet above sea level, and it i planned to pa s about 

I 

240 feet below the Yak tunnel near the Dolly B haft. 616 , 

By ovember 1, 1926, it had been driven 3,400 feet, 
and near its breast had cut a body of low-o-radc zinc- 8161 

lead ore in a barite-quartz gangue. It had been 
conn cted with the two Ro eville shaft and the Ll6l 

Minneapolis shaft. 
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Until the mixed sulphide ore wore reached it would 
have been a relatively imple matter to keep a r ecord 
of the sources of the gold, ilver, and lead, a the ore 
mined were chiefly lead carbonate ore and oxidized 
siliceou ore, with a mall proportion of iron oxide 
and iron mangane e oxide ores which con tained mall 
to considerable amounts of ilver chloride. When the 
mixed sulphide ore were reached, however, the ource 
of the metals could not be so well determined without 
detailed tatistical record ; but no such record were 
kept for all classes of ore until a y tern wa e tablished 
by the we tern offic of the nited tat Geological 
Survey. Detailed record of tho L ad>ill e ore have 

I\ 
I 

l
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Sulphide ores produced in Leadville districts, 190 - 192ii 

Pyritic ores o 

Year I 
Recovered content A vcragA of origina l contents 

Ore (~hort --- -
tons. dry Silver (fine Cop j Zl Gold I Sil ver I Copper Load (per Zinc fl'l 
weight) I Gold \fine ounces) ounces) (pou~~) Le d (pounds) ( pou~~s) (ounces pc.rl (ounces (per cent) cen t) t'fOt) 

ton) per ton) 

-ti-~-5-=-=-= -==-=-=-=-: · _}_J_~_: 
2

-~~-~- ~=~==~===== =========== === ========'==== ======== ====== :=~===~= === ===='-==-=-==-=-= ======= ===< 1911 __ _______ 147,535 32, 933. 55 1,970,054 3,57,92 1, 49,99 , ___ ___ 0.22 13.35 1.22 
1912 --------- 127, 575 32, 462. 4 1, 536, 592 1, 74 '246 2, 511, 562 1_ ___ __ . 254 12. 04 . 69 
1913 -- -- - ---,.- 152,223 1 23,744.01 1,959, 621 1,714,724 3,9 9, 755 -- ---- .156 12. 7 .56 
1914 _____ __ __ 174,610 I 31, 110. 74 2, 343,943 1, 120, 12 I 9, 518, 416 ______ . 1 2 13. 42 . 49 
HH5 _________ 161,677 51, 716.79 1,560, 191 1,092,425 3,707,810 -- ---- .320 9.65 .34

1 1916 -- - --- --- 161, 096 54, 574. 15 2, 039, 723 J 1, 6 , 230 3, 154, 19 ~ ------ . 339 12. 66 . 52 1 

1917 ___ ______ 12,533 35,570, 9 1,247, 574 1 1, 143,659 2,610, 052 ----- - ~ .277. 9.71 .44 
191 -- - ----- - 91, 03 5, 754. 37 1, 112, 765 55 '3 7 1, 475,416 ------ . 063 12. 12 . 30 
1919 -------- - 66, 500 3, 733. 70 664,276 I 2 3, 75 1, 547, 59 ------ . 06 9. 99 . 21 
1920 --------- 33, 71 2, 337. 70 219,907 1 153,905 1, 319,004 ----- - . 069 6. 52 . 23 
1921 __ _ · ----- 40,337 1, 965. 0 6 2, 2 , 29,282 1, 495,4 0 - -- --- . 049 16. 91 1 1. 03 
1922 ------- -- 37, 365 1, 82. 00 490, 905 402,357 1, 464,597 ------ . 050 13. 14 . 54 ' 
1923 -- --- --- - 8, 91 727. 30 129, 729 16 ' 19 332,259 ------ . 0 2 14_ 59 . 95 
1924 ------ - - - 34, 150 9, 64 . 60 22, 149 24,215 34, 047 ~------ . 2 3 . 65 . 04 
1925{Gold ____ 33,000 6, 1. 00 2, 429 -- - -- -- --------- ---- --- ______ . 209 . 07 

ilver --- 13,047 15. 30 254,547 30,000 1, 00 , 300 ------ . 062 19. 51 

a 100 -.1911, includes oro ~ith. silica in excess or iron; a lso smull quantities or dry siliceous lead and copper ores· 1912- 1917 includes or~ with silicJ in exce>S of irJn: 
191 - 1923, rucl ud os only oro w1th rrou rn excess of s rhca. ' ' · 

b E.<cludes 2,032 tons of copper sulphide ore. 
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Sulphide ores produced in Leadville dist?·ict, 190 -1925-Cootinued 

Siliceous dry gold-silver ores 

Recovered contents Average of original contontsb 
Ore (short 

Yesr tons, dry) 1 Silver (fine Copper Gold Siluer c 'Le d ( I z· ( 
weight Gold (tl neounee) Lead (pound ) Zinc (pounds) !(ounces per (ounces opper a per mc per 

_, ____ I 
1

_ -_o_u_nc_es_>_-1-_CP_o_un_d_s_) -I------I------ too) per ton (per cent)_:~-~..~ cent) 

~f: ~~3 ~ ~3: ~~~: ~~ i~~: ;~~ ~66: ~~0 i~~: g~~ [ = = = = = = = = = = = 0: ~!Q 6: ~! 1: ~i I 0: ~b 
7, 446 5, 132. 50 101, 3 6 222, 106 153,457 ------------ . 6 9 13. 62 1. 49 1. 03 

191 ---
1919 ---
1920---
1921---
1922---
1923 ---
1924.--
1925.- -

19,2 0 10,614. 0 166,487 330,470 471,95 '------------ .551 1 .64 . 6 1.22 

10, 169 5, 96 . 10 160,473 411,3 4 174, 716 ------------ . 5 7 15. 7 2. 02 . 6 
1 • 973 2. 450.40 43. 01 56.445 300. 718

1

______ _ ____ _ . 129

1 

2. 31 I . 15 _ 79 ___ ___ _ 
2, 212 5 . 30 16, 622 23, 535 144,756 ---- ------- . 266 7. 51 . 53 1 3. 27 
1, 067 474. 40 13, 011 27, 000 61,300 ------------ . 495 12. 19 1. 27 2. 6 

Siliceous lead ores 

1910--- 7, 61 I ____________ -- ----- --- ------------------------ ------------1- ------- ------- ------- ------- -------
1911.._ 21,632 2, 534. 95 192, o 5 92, 941 3, 4 1, 518 ____________ o. 11 _ o. 21 I . o5 ____ __ _ 
1912. -- 13, 040 2, 109. 02 110, 092 35, 5 2 4, 479, 214 ,_________ __ _ . 162 8. 44 . 14 17. 17 - ---- --

1914..- 17, 100 4, 9 9. 00 290,906 4, 6 5, 245,333 -- --------- - . 292 17. 01 . 25 15. 34 - -- ----
1913.-- 10,991 1, 703. 3 99,225 20, 195 2, 658, 549 ---------- --1 . 155 9. 03 . 09 12. 09 -- -- ---

1915.-- 1, 802 1, 567. 04 32, 154 13,423 451,203 - ---- - ----- - . 870 17. 4 1 . 37 12. 52 
1916.-- 2, 208 570. 77 63, 840 3. 779 13, 562 - ---- - ----- - . 259 28. 91 ------- 1 . 42 
1917--- 3, 053 975. 61 31, 546 14,932 586, 760 - --- - ------ - . 320 10. 33 . 24 9. 61 
191 ---, 4, 441 1, 459. 6 37,65 33, 545 32,450 - ---------- - . 329 . 4 . 3 9. 37 - ------

!~t== -- ---;~~ - --- ~ ~ ~~~-~~- --- _>:_ !~~- ----~~:_ ~~~ - -- __ !~~~!~~- == = = = = == = = = = - -~~ ~~~ - -~~:-~~- - - _ :_~~- - ~~~~~- == = = = == 
1922--- ------- -- ------------ ------ - ---- ------ ----- ------------ - ----------- - ------- ------- - ------ ------ - ------ -
1923.-., 2, 405 441. 90 73, 176 26, 239 395,233 - ------------ . 1 4 30. 43 . 55 . 22 
192L. 3, 032 316. 70 27, 30 655 521,4 4 - --------- -- . 104 9. 01 . 01 . 60 
1925... 3, o51 314. 4o 29, ~51 2, ooo 565, 4oo ____________ . 1o3 6. 5 . o3 1 9. 25 __ ____ _ 

Siliceous copper ores 

!:!~=== ! :==~=~;~= = == = === = = = == === ========I======================='========= === = ==: ===='====== =!= ===== = = ===== =:=== = = == 1913 ... ----- ---- ------------ ---------------------------- ------- -- ----- ------- - ---------------- - --------- - -----

:m::=j ~: ~g~ l, ~~~: ~4 1~i: ~g7 1 i!i: i~~ f6: i~i ========== == 
0

: ~~2 ~i: ~5 :::
1 0

: ~i 1======= 
:m::: -----364+ ------3.·6-- -----6;-66- ----2 -.-s92- -- ----2.-176- ========== == ---.-22-- -i-.-6-- --3.-9-= ======= ======= 
1~19::: --- i;s66T ____ 963:74- ----46;764- ---i37;6oo- -----ii;426-j====== ====== :~56 ~!: 9i ~: ~~ : ~~ !======= 
1920_ __ 2, 011 1, 219.00 49,920 158, 1 1 13, 156 -- ---------- -------------- - --------------- ------

:m::: ::=======,========== == ===========c========='============ ======== ==== === ===== ======='=======J======= === == ~= 1923___ 3, 716 1, 795. 50 67,501 309,303 1 33,653 ----- --- ---- 4. 83 18. 16 1 2. 2 -52 '- ------
1924...1 1, 147 23. 90 19, 396 62,935 22, 06 - -- --- --- --- . 718 16. 91 2. 74 . 99 -------
1925___ 1, 150 740. 70 35,454 9 '500 4 '900 - ----------- . 644 30. 3 4. 2 2. 13 ------ -

Zinc-iron-lead orcs 
----- I 

1907- -- 200, 197 d 1, 40 . 26 d 523, 979 ~~ 
(d) e67,247,3 1 

190 --- 95, 30 d 73. 00 d 145, 941 (d) e23, 1 '0 0 
1909--- 127, 640 d 3 . 10 d261, 792 (d) (d) t3 ' 637, 315 
1910 ••• 163, 21 d9 4. 5 d 39 ' 03 d45, 444 d 9, 559, 942 t52, 056, 941 
1911... 79, 376 d 1, 250. 04 d 1 4, 726 d 91, 315 d '503, 662 t26, 460, 1 4 
1912..- 104, 14 d2, 149. 35 d463 394 d 131, 239 d12, 153,436 t34, 263, 116 
1913 --- 97,704 d 1, 3 7. 25 I d443: 165 d 77, 247 d!4, 102,554 t30, 502,3 4 
1914 --- 111, 947 d2, 319. 54 d 300, 505 d 51, 395 d10~ 105, 767 ,t2 1, 972, 2 
1915--- 136, 555 d 1, 595. 41 d404, 396 d6, 00 d12, 56, 24 t41,740, 312 
1916 __ _ 147, 295 d 2, 031. 07 d340, 463 d 1, 835 d 12, 922, 633 t45, 33, 373 
1917 --- 14 '945 d 3, 510. 02 d 343, 277 d47 715 d10, 44,497 e3 ,552, 342 
191 --- 125, 281 d2cl 0 9. 60 d302, 7 5 d 11:490 d 7, 307, 290 lt40, 334, 21 
1919--- 46,967 733. 22 d 112,276 d 25, 05 d2, 70, 173 i tl '573, 049 1920 ___ 30, 99 d 303. 35 d 6 '626 d 40, 004 d 1, 49 • 5 1 tl2, 923, 696 
192!__- 1, 292 h 11. 50 h 2, 401 ----------- h 62, 1 i 610, 000 
1922---

l!: :i! 1----:~:n~r-:~~:-;lr -----------
h1 , 043,675 i 5, 127,000 

1923 •• _ ----------- h471, 966 1 i2, 65 '000 1924_ __ ----------- h1,546, 164 i3,326,000 
1925--- 12,743 h2 . 15 h31, 550 ----------- hi, 5 3, 000 i 3, 637,000 

d~_stimnted recov ry, as load and Iron oooceotrates nod lo zinc residues. 
;zAmc figu red as recovered retort zinc and recovered zinc In zinc oxide. 

f. 03 I 5. 00 I . 00 I /23. 00 
f . 03 I 5. 00 j . 00 /23. 00 
/.03 j 5. 00 f . 00 f23. 42 
f.03 f 5. 00 f . 00 f25. 12 
f. 03 /4. 30 f7. 34 /23. 29 
/ .02 f 5. 55 f 0 f24. 00 
f . 03 f 4. f9. 39 /23. 00 
f . 03 f 5. 37 f . 74 /21. 20 
f.02 I 5. 00 f . 65 1 f22. 09 
g_ 02 g 5. 17 g . 37 920. 96 
f.033 /4. 3 

,--- ----
f 7. 79 f20. 00 

f . . 03 j 4. 33 ------ - 1 6. 25 /24. 90 
f . 03 f 4. 11 f 5. 52 !2 . 25 
f. 025 f 4. 00 f 4. 44 1 f27. 13 
; . 009 j 1. 6 12.41 129.3 

--- --- -- ---- --- - -- ---- j 4. 96 i30. 4 
h . 006 g2. 74 k 14. 04 

. 056 i7. 96 1 ; 19. 45 
h . 002 j 7 j 19. 97 

verage assay of crude oro, mostly milled (load, wet assay) . 
: ~verago assay of groator part of original ore for which dntn were available (load, wet assay). Average nsssy of aU zinc sulphide was 21.69 per cent zinc. 
1 ecovcrod In zi nc residues. Some load recovered lu loaded zinc oxide. 
Zinc In terms of recovered zinc In zinc oxide and loaded zinc oxide. f
1
Aver•gc assay of original content; no deductions for loss in smelting. Ali to zinc plants in 1921 and 1922. 
nciudes much low-grad dump material milled. 

• 
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. 1 z1·nc when pyrite was di pla d by ulphur by the a .d The sulphide ore fall into two ma1~ cas es-- . - c1 
iron-lead (blende-pyrite-galcna) and 1ron. sulphtdes manufacturer \\ ho had b en u ing Leadville or 
(both massive and coarsely disseminated pynte).accom- During 191 to 19.21 pyr.ite n early barren of precious 

Panied by too li ttle lead or copper to b credited by m tals, or 0 low m pre IOU -m tAl on tent a to have 
k l no valuable re idues, or shipped to eastern plan the smelte1 and lit le enough zinc to rna e on Y. a 

small p nalty or to avoid the penalty but enough ~1- wher n? attempt wu made ~0 . av the residues, 
ver to make hipping worth whil . Thi econd ~~Jn aggregatmg 37•35 ton ' contammg 15,551 ton of 
class from 190 to 1911 included minor quant\tl ulphur, w re s ld f. 0 · b. L advillc for 17 ,333. 
of ore containing 4>1 per cent or more of lead or 2>1 This figur rcpr ut only a ery small part of the 
per cent or more of copper, classified a l ad a~d cop- ulphur from L nd,ill utilized for the manufacture of 
per sulphide or . Beginning wi th 1 9~ th~ ~am cla s ulphuric acid, but the valuo of th sulphtu· in the 
of pyritic ore wns fur ther subdivided J~ to I~ cou or preciou m tal b aring pyrite ent to ulphuric !lCid 
in which silica exceed iron (coarsely di emma, ted py- plant wa paid for by a red u tion r wiping out of 
rite) and iron pyrites with iron in execs of ilica (mas- m lting charge · 

sive sulphid . Ore contain ing 4>1 per cent or m~re Barren or nearly barren pyrites produced in Leaduille,19/ -m1u 
of lead or 2 >1 per cent or more of copper were de 1g- for the manufacture of B11lplwric acid ' 

nated lead and copper or of their respective cla , 
which seems to be confined to the ilic ou ore. The 
siliceous ore is a dry gold- ilver ore; the iron pyrites 
a dry silver ore. 

ince detailed record have been kept the to tal out
put of dry pyrit.ic ore with exces iron has consid rably 
exceeded that of zinc-iron-lead ore ex ept in 1917 and 
1918. The zinc-iron-lead ore has contributed from 2 Y2 
to 4 times as much zinc as•l ad and he. been an impor
tant contributor of silver. 

The iron pyrites ore, wi th exc of iron over silica, 
has ranked second among the sulphide ores a a con
tributor of silver, but its commercial value has depended 
considerably upon its fluxing properties, which are due 
to its exces of iron over silica. [t has al o added to 
the supply of lead and copper , but the percentage of 
these metals is too low to be paid for by the smelters, 
and the same is frequently true regarding gold. 

Considerable pyrite ore has al o been shipped since 
1906 for the manufacture of ulphuric acid . In that 
y ear the West rn Ch mical & M a nufacturing Co., 
which made several produc , including ulphuric acid, 
began buying pyritic gold and ilver ore and zinc-iron
lead ore from Leadville, Kokomo, and Red Cliff. The 
pyritic ore was roasted directly and the residue sold 
to melters . The zinc-iron-lead ore wa partly roa ted, 
magnetically sepaxated, and wet concentrated. The 
partly roa ted pyrite con entrate was further roasted 
to make sulphuric acid, and the lead and zinc sulphide 
concentrates were sold to smelters. 

During 1917 and 191 the powder plant of E. I. du 
Pont de emours & Co. at Louviers used considerable 
pyrite from Leadville and R ed Cliff. Practically all 
the pyriLc ore (a well a the roasted pyrite concen
trate) contain d some gold and silver, and' most of the 
cinder orr · idue was hipped to smelters. The pyrite 
ore was ·la ed with the iron pyrites ore represented 
on page 126. Tho quantity of precious metal bearing 
or hipped to sulphuric-acid plants was never sepa
rately recorded in publi hod r eports because it merely 
went there for ron ting. one was hipped after 1921, 

Year P~ rites Equivalent 
suJphurb 

hort ton3 hort ton3 

\ 'alue 

191 --------------·----- 2, 947 1, 253 6,935 
1919 ___ ------ - --------- tl }5, 417 6, 756 i5,91 
1920. ________ _________ - a }, 101 7,169 9,699 
192L _____ ---- --------- 93 373 5, 1 

--3-7-. 3-5- 11:5,' 551 --17 -:333 

G Large quantities or precious metal bearing pyrit.o were shipped from lrotllo 
191i, and the cont.onts are included in the gold, silver, coptler, nod lead labl!!. 
The value or sulphur lor those years should be lnrgc, but paym ut lor !ulpbur 
was indirect and was ex pre d in the reduction or lrci~bt and or roasting and 
smelting charges. The sulphuric acid WIIS therefore a valunble by·produrt. Partly 
roasted pyrite from magnetic separntion or iron from lron·zinc·lead oros was also 
further roasted to make sulphuric acid and met.ol·beariog cinders. 

b The above figures indicate an average content or sulphur io pyrites ore oi l 
per cent In !91 , 43. per cen t in J9JP, 39.6 per cent In 1920, nod 41.76 per cenl in 
1921. Pure pyrite contains 53.4 per cent. 

The siliceous pyritic ore has con tribut d more gold 
than all the other sulphide ore and has contained 
more silver to the ton, but it i far behind the iron 
pyrites ore in total quantity of ilv r contributed. It 
al o contain more copper than th iron pyri te ore 
but not. quit. enouU'L. Lo be paid f r. 

The iliceous lead and copper ulphide ore differ 
from the iliceous pyritic ore onlv in containing 
more than 4Yz per c nt of lead or more than 2H per 
cent of copper. Owing to the relatively small quan· 
tities mined, however, they do not contribute nearly 
so much lead and copper to the di trict's output a the 
other three classe of ulphide ore. 

The siliceous pyrite, lead, and copper ore have 
come mainly from the lode and connected replace
ment deposits in the Breece Hill area, and too. minor 
extent from vein and replacement deposits along the 
Tucson-Maid fault zone in Iron and Carbona te h1lls. 
The pyrite with excess iron has come mainly from the 
Yak and Moyer-Tuc on mines and in part from the 
Garbutt, Greenback, Harvard, and Gambetta. The 
zinc-iron-lead ores have come from the large replace· 
ment bodies in lime tone in the we tern half of the 
district. They commonly contain 2Yz to 7 times 6 

much zinc as lead but are the poorc t in silver 
and gold. 
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The oxidized or s coiTespond in a general way to 
the ulphide or~ a r egards the ratio of iron to silica, 
b t lend and zmc have b come separated, and mnn
u uuiferou or es are of con ider able importance. The 
"~9 c predominating in quantity shipped are siliceous 
cold nod ilver , lead, zinc, and i1·on-manganese oro. 
giliceou copper ore an d iron fluxing ores are ubordi
nute. "Oxide ore " a cla i:fied by the melters in
cluclr, be ide oxidized ore, ore unaffected by oxidation 
but contHining Jes than 6 per ent of ulphur. Ore of 

thi kind is present in Leadville but contributes only 
an in ignificant fraction of the output of "oxide ores." 

The oxidized siliceous gold and silver or ha e 
been the largest contributors of gold but are faT be
hind the principal sulphide ores in output of ilver, 
copper, and lead. Their content of gold bas frequently 
been higher and their content of ilver lower than 
that of the siliceous sulphide ores. These ore ha e 
been subdivided into gold ore and silver ore only 
since 1920. 

Oxidized siliceous gold and silver ores produced in Leadville di strict, 1908-1925 

Year 

190 --- - -- - - - ---------- - - -
1909- --- ---- - - - ----- - --- ---
1910. ------- - -- - ---------- . 
191L----- - --- - -- ---------
191 L- -- - ---------- - - ---- -
1913. - --- -------- --- ------ . 
191L-------- ----- -- ----- -
1915-----------------------
1916.- -- ---------- --- - ---- -
1917-- -------------- -------
191 --- - -- -- ------ - - - -- --- -
1919.-- - - - -------------- - --
1920.-- - ---------- - ----- - - _ I 
1921 : 

Gold ore _________ _____ _ 

ilrer ore ---------- -- --
1922: 

Gold ore _____ __ ______ _ _ 
ilver ore ___ . __ _ _ - __ . - -

1923 : 
Gold ore __________ ___ _ _ 
'ilvcr ore ____________ --

1921: 
Gold ore _________ _____ _ 
'ilver ore (mo tly old 

Jag ) - ---- - ---- - - ---- ' 
1925: 

.~d r - -------------· 
'ilv r o re (m o ly o ld 

lag ) . ____ _ 

Ore (shr. ro 
tons, dry 
wei[ htJ 

25, 741 
2 , 054 
21, 2 0 
24, 790 
21, 36 
24, 316 
33, 000 
44, 734 
13, 76 
10, 233 
6, 271 
6, 244 
9, 73 

2, 591 
1, 426 

3, 912 
14, 415 

3, 300 
19, 021 

2, 095 

61,40 

l, 30 . 

9 1 09 

Gold ( fin~ 
ounces) 

Total 

Silver (On e 
ou nces) 

Reco"ered coo teo ts 

A,·erage 

Copper I Gold I Silver Coppe r Lead 
(pounds) Lead (pounds) (ounces per (ounces per (per cent) (per cent) I 1 ton) 1 too) 

--------- - -- ,----- ------1-____ -__ - --- _________ _ , ______ __ -- - - -- - - ------ -- -- - -- -- -

------------ -- - - ---- -- - - -------- -- -- -- - - - - - -- - ---- -------- - - -- ---- ---- - - --
9, 412. 50 105, 620 20, 64 311, 93 0. 3 4. 26 0. 42 0. 63 
'233. 3 10 , 4 5 47, 617 366,923 . 3 5 1 5. 0 .11 6 

9, 59. 6 127, 375 50, 7 2 1 470, 897 • 405 1 5. 24 . 10 . 97 
15, 361. 23 166, 159 94,300 539, 20 . 465 5. 04 . 14 2 
32, 1 1. 21 150, 257 60, 212 72 ' 14 . 719 3. 36 . 07 1 

4, 614. 64 1, 6 0 249, 293 521, 195 . 333 1 5. 1 . 90 1. 
1, 30. 37 4.6, 030 57, 191 I 137, 564 . 179 4. 50 .2 . 67 
1, 741. 6 57,420 7, 594 1 7, 966 . 27 9. 16 . 06 1. 50 
2, 769. 23 55, 126 1 , 494 141,967 . 440 8. 3 . 15 1. 14 

12, 11 . 70 101, 2 2 1 '0 191, 092 1. 233 10. 26 . 09 . 97 

4, 5 7. 10 I 15, 29 23, 1 2 2 ' 575 1. 770 6. 11 . 45 . 74 
27. 00 1 ' 556 3, 373 26, 74 . 019 13. 02 . 12 . 94 

7, 121. 99 27, 320 37, 323 110, 454 . 1. 21 6. 9 .4 1. 41 
234. 70 66, 935 13, 52 535, 990 . 016 4. 64 . 05 1. 6 

5, 567. 03 12, 743 3, 06 I 60, 571 I 1. 6 7 I 3. 6 . 06 1 . 92 
9. 60 67, 42 5, 005 ,1, 0 0, 195 ----- - -- 3. 54 . 01 2. 4 

26, 52. 54 15, 644 6, 79 65, 969 I 12. 17 7. 47 . 16 1. 57 

. 90 204, 501 I I 3. 33 --------1 2. 7 
;,-;~/' ·:.: ::: ~ --; -;~ -7, 596. 20 9, 135 7. 01 . 25 2. 10 

] 7. 40 290, 299 1, 000 4, 7 3, 900 ,-------- 2. 94 ---- ----, 2. 42 

The ili cou 
f cop per. 11 th 

pp r r diff 1 fr m h iliccou ll'Old and ilver ore in ontaining more than 2P1 per cent 
or ar mm d in th upp r 1 \7 cl of the Breece Hill area. 

Y ar 

Oxidized copper oTe (with exec iliw ) prod t£ced in Leadville district, 1911-1919 

Or 
(short Lon~l 
dry wcl ~hL 

Oold 
(tlnoo uoces) 

6. 76 
96. 64 
1 . 46 
10. 70 
24. 90 

4, 217. 54 
2,40. 00 

405. 30 

Recovered conten t 

Total 

SiJYor Copper 
(One ounces) (pounds) 

96 
1, 771 

9 
706 

5. 252 
29, 573 
25,465 
10, 019 

110 

190, 727 
101, 476 

7, 037 
14, 035 

425, 0 
639, 672 

26, 970 
402,060 

1 ' 16 

Lead 
(pounds) 

I A vert go 

1
--;;-:;-;- I il vor -,-Copper I Lead 

l
(ounces per (ounces per (per cent) (por cent) 

ton) I Lon) . 

0. 006 
. 10 
. 2 
. 079 
. 007 
. 495 
. 320 
. 104 

,,----- --
0. 0 7. 5 ,--- - - ---
1. 97 5. 65 0. 14 
1. 39 5. 5 - ----- - -
5. 23 5. 20 - - - - - - - -
1. 56 6. 33 - - ----- -
3. 41 3. 7 5 I . 51 
3. 3 5. 50 1. 33 
z. 57 s. 16 1 . 45 
. 79 6. 73 ----- -- -

1 



130 GEOLOGY .-\.XD ORE DEE 0:31T OF LEADVILLE MI I ""G DI T.Rl T, OL R D 

"Metalli " in th Leadville di trict repro ent un
u ually rich bun he. of ore in the ili eou gold, ilver, 
and copp r depo it . The name was originoJly giv n 
to the piece of gold that did not pa through tho 
screen in ampling, but it meaning ho broadened. 
They occur mostly in oxidized ore but may al o be 
found in enri h d sulphide ore. hipmcnt of this 
material average les than 1 ton a year and con ist 
largely of native wire and flake gold, native . ilver and 
horn ilver and ar<Yentite par·ated from ore of or-

Profi ably min d. Mo t of it i sili eou (" hard c . . 
1 

ar. 
bonate" ) and i 1 s d ~rab o fro~ th . rnelter' 
standpoint Lhan lead or \ 1th xces Iron. 

" M etall·ic ·" shipped J1·om Leadville, 1909-1025 

Gold (fine 
ounces) 

-Silver (fine 
ounces 

' 0 ' dinary grade. The material include be ide oxidized 
ore highly enriched sulphide ore and orne unu ually 
rich silver-hi muth-gold ore. 

Oxidized lead ore, formerly th principal ore mined, 
ha long been subordinate to the principal ulphide 
ore in quantity mined and in lead, copper, gold, and 
ilver recovered. Its content of lead and its ilver

lead ratio (1: 20 to 1 :40) are mu h lower than tho e 
of the enriched ore mined in tho earl:r days, and it 
doubtle include ore that formerly could not b 

1909 ---- ---- ---- . ---- - ----- -----
1910 -- ---- ----·· - ----------------
1911 ---------- --- - --------------

i~g ============ ===~== ========== 1914 - ------------------ --------
1915 -- -------- ------ -- ---- ----- -
1916 - ---------------- - ----- - ----
1017 -- --------------------------
191 - ---------------------------
1919- --- --------- -- ---- -- -- - ----
1920 - ---- . --------- . - - ---. ---- --
1921 -- - - - - - - - - - - - - - . - - - - - - - - - - - -
1922 -- -- ------ ------------ --- ---
1923 ---------- -- ---- -- - ------ - --
192 4 - - - -- - - - - -- - - - - -- - - - - -- - - - - -
1925 ------ --- ------ ---- -- -- - ----

Oxidized lead ores produced in Leadville district, 1908-1925 

Recovered con leo ts 

Year T otal 

2, 973. 66 
3, 920. 90 
2, 223. 13 
1, 657. 66 
1, 27 . 56 
4, 773. 91 
4, 17 . 75 
1,2 5. 56 
1, 169. 01 

7 0. 74 
1, 10. 2 
1, 169. 01 

60 . 5 
2, 730. 77 

312. 5 
5, 655. 12 
1, 417. 35 

Average Ore (short 
!ODS, dry 
weight) 

Gold (floe I 1lrer (flue Copper Lead Gold Silver Copper 
ouncesj ounces) (pounds) j (pounds) ----__ 

-------------\----~------

42 
1, 30i 

725 
il6 
350 

1, 293 
1, 538 

310 
55 
260 
5 i 
55 
19 
750 

i 
1, 465 

ll2 

Lesd 

per ton per ton Per crnt Ptr Clllt 

1 I I 
Ounct$ Ounct$ 

190 - --- - - - - -- - - - - - - - -- -- 24, 616 - - --- - - - - -- - - - - - - - --- - - - -- -- - -- - - -- - - - - - - - - - - - - - - - - - . - - - - - - - - - - - ---- ---- .... 
1909_ __________ ___ _______ 27,504 
1910-----------·--------- 01 1 761 
1911. .-- -------~-- -- ---- - ' 13,123 
1912_______ ______ ________ 23, 754 
1913 - -- -- - ---- - ---------- 32, 153 
1914___ ___ __ ____ __ ___ ____ 29,2 
1915 _____ ___ ____ _________ 16, 002 
1916 ------ -- ------ --- - - -- 19,716 
1917----··- ---- - -- --- --- -- 16,416 
191 : 

ilica excess------ ----
Iron excess _______ ___ _ 

1919: 
Lead-copper ---- ------

ilica excess __ _ . _____ _ 
Iron excess ------ - ___ _ 

1920: 
ilica excess------ ----

Iron excess ___ _____ ~ __ 
1921 : 

ilica excess ____ __ ___ _ 
Iron excess __________ _ 

1922: 
ilica excess ___ ___ ___ _ 

Iron excess------- ----
1923: 

Silir.a excess __ _______ _ 
Iron excess __ ___ _____ _ 

1924: 
iJ ica ex cess _______ __ _ 

Iron excess- ___ _______ _ 
1925: 

ilica excess ____ ___ . __ 
Iron exce . _________ _ 

27,957 
17, 551 

653 
1 '916 

1, 0 7 

17, 26 
694 

4, 023 
435 

3, 372 
3, 569 

11, 345 
2,41 

1 • 954 
4, 335 

23, 26 
4, 932 

4, 317. 97 
4,470. 20 
5, 54 . 97 
9, 314. 94 
4, 49 - . 76 . 
3, 4 3. 43 1 
2,242. 04 

a, 319. 05 I 
114. 10 

16. 33 1 
1, 059. 75 

10. 50 

1, 354. 60 
6 . 0 

2,072. 00 
------------

1, 756. 90 
43. 10 

31. 60 
61. 20 

1, 4 4. 50 
46. 60 

1, 29 . 20 
62. 0 

10,506 
172, 17 

5, 624 

33, 632 
1, 331 

34, 914 
60,002 
3 • 740 
27, 5 5 
42, 20 

67,520 
' 005 

75, 923 
5, 146 

141, 055 92, 361 
6, 2 272 

I 67, 146 ------ ----
2,263 ----------

26,503 
16, 060 

77, 212 
• 657 

91, 25 
19, 033 

110, 154 
22, 5 1 

606 
2, 975 

41, 274 

3, 560 
157 

·5, 200 

0. 33 
. 1 
. 173 
. 31 
. 2 1 
. 177 
. 137 

. 119 

. 007 

. 03 

. 06 

. 01 

3, 666, 124 . 076 
119, 452 . 099 

I 1, 052, 73o I . 515 
106, 464 --- - ---. 

624, 533 1 . 524 
0, 255 . 012 

2, 079, 163 I . 073 
412, 167 I . o25 

2, 967, 0 6 . 07 

6. 50 
12. 9 

6. 0 
6. 50 
5. 50 
5. 0 
6. 17 

7. 59 
4. 6 

16. 09 
9. 14 
5. 17 

0. 13 

. 10 

. 12 

. o1 I 

. 13 

. 12 

. 02 

5. 1 
. 01 

7. 91 . 26 
9. 06 .02 

16. 69 -- -- ----
5. 20 ,-- -- ----

7. 6 . 01 
4. 5o 1 . o4 

6. 1 1 . 1 
3. 5 . - - - - -- -

I I 
4. 85 ---- ____ , 
4. 39 ---- ---· 6 3, 047 1 . 011 

4, 230, 000 . 054 4. 62 . 01 I 

7. 3i 
10.3 

9. 5i 
. 93 
. 2 

9. 55 
. il 

13. 40 
11.25 

5. 9 
13. I 
7. 91 

10. 2, 
61 

13.0 
12. 21 

9. 26 
12.33 

9. 16 
. 52 

990, 00 I . 013 I 4. 5 ··-------\ 
--~~~--------~------~------~------~----~-- --'~·----~----~----~---

• Inc.ludes £0 tons or copper-lead ore. 
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A complete record of oxidized zinc ore has been 
k t ince mining of it b gao in 1910. Immen e 
b~~ie of lllgh-grade or were mined during the next 
four years; but after the_se were exhausted no more 
e,xten i>o high-grade bodtes were found, and both the 
quantity and the grade of ore shipped have b en 
decl ining almost steadily . t present ore containing 

low as 16 per cent of zinc i treated at the local 
zinc oxide plant, and little is shipped away from the 

di trict. 

Oxidized zinc ore (ca1·bonate and silicate) produced in Leadville 
district, 1910-1925 

Year 

IU0------- --- --------
1911 ------------ ----- -
1912--- ------- - ----- --
1913--- ----------- -- --
1914--- --- -- - --- --- -·-
1915--- -------- --- ----
1916--- - - - -- ----------1917 __________________ , 

1U -- ------ ----------
1919--- ------ ---------
1920 -- ---- ------ - --- --
1~1-- ----- -----------
1~2-- --- ------- -- -- --
1~3-- ---- ------------
1 924 ---- - - - - - -- - -- - - - -I 
~2j _________ ___ _____ _ 

Ore (short 
tons, dry 
weight) 

'059 
3, 905 

142, 7 2 
135, 760 
113, 1 

2, 592 
5, 513 

69,23 
21,292 
16,542 
16, 726 
4, 277 

11,343 
20,304 
1 ' 01 
11,7 2 

Recovered 
contents 

(pounds) a 

4, 310, 500 
45,143,65 
71, 6 2, 667 
6313401473 
461791,046 
30,6 4, 552 
30, 174, 903 
21, 116, 726 

6, 3511 6 3 
4, 592, 170 
5, 301 35 
1, 200,000 
3, 76, 000 
6, 732,000 
5, 7961000 
3,823,000 

:;: f /; " . ., ~ 

Average assa y 
(per cent) b 

32. 2 
31. 05 
29. 2 
27. 45 
24. 3 
22. 4 
21. 52 
19. 4 
1 . 64 
17. 0 
21. 79 
17. 97 
21. 36 
20.72 
19. 56 
20. 26 

•Zinc in terms or reco>ered retort zinc and recovered zinc in zinc oxide. 
l A mage assay or original content; no deductions for loss in smelting. All to 

nne plants. 

'l'he manganii rou iron-sil er ores of Leadville are 
divided into three commercial cla e : 

1. Ore that contain su:flicient ilver and lead to be 
mined for the e two metal . This cla i included with 
lead ore if the lead content is 5 p r cent or more, other
wise ' ith dry iron-mangan e ilver ores . Ther is 
rery li ttl ore of Lhi cln. · io the tl i lri t. 

2. Ore that ontain no l nd but om 
ufficient maogo.oe e and ir n and litll nough ilica 

to be u ed for th manufn ture of pi g lei n and 
ferromangan e. 

3. Or that ont,ain Loo little ih- r , I ad, or man-
gane to be includ -d in the other two cla but 
ufficient mangan e and iron and littl enough ilica 1 

to be old a flux to 1 ad and copp r melt r . The 
~alue of or of thi ]a d pends on th combined 

ont ot, the ilica coot n , th 
preciou -metal ont nt, and d due ion and adju t
mcnt of th e fa tors ba d on temp rary d mand 
ofthesmeltm. Th gr aterpartofth manganiferou 
silvor ore mined o.t L ad ville belong to this cla . 

Bofore 1917 sm Iter commonly paid at the rate of 
_15 cents a unit (per c n t) for the exc s of combined 
Iron and mangane above 40 per cent after deducti o 
of the iii ·eous mo-t rittl. They al o paid for 9- per 
cent. of lh ilver ·on cnt at N w York quotntion . 

The deduction of -!0 p r cent from the combined iron
mangane ·c coot nt was made in lieu of a hargc for 
_melting. L ad wa paid for os iron . 

Record d hipment of manganif r u and man
gane e or oxclu iv of tho cla d a 1 ad ore are 
shown below. These figures are not included in tho e 
on page 112. R cord for ycnr~ arlier han 1 91 
are incomplete, and no e timate i ' attempt d of the 
value of ore hipp db fore that year; but the quantit,
shipped from Colorado in 1 6 to 1 90, nearly all 
fluxing ore from Leadville, wa about 300,000 ton .17 

Mangani[fffous iron a (silver) ores produced in Leadville district, 
1 91- 19115 

Oro used in the manufacture of fc~ro mang . lo re for Ouxing (dupli-
nes and spicgcleisen c·nted in other tables) 

Year ---~ Q ~ Net valuer. o. b. Le.ld-
Gra<Jc unntlty ville ( rnd e 

(per rent (long ton • per cent 
l\fn) · naturul - - ::-!u) 

Quantity 
(long tons, 

natural 
weight) wmght) Tot I 

1 
A ,-ernge I -

~--
91 ----- ------ 964 $7,230 7. 50,___ ___ 79,511 
92 - --- 25-3 2, 942 14,710 5. 00 ------ 62, 309 

1 93 - --- 30 5, 766 23,064 4. 00- ----- b55, 962 
1 94 ....... ... 2.5 7, 022) 26, 221 3. 2 ...... ............ C3 1, 6 7 
1 95 ____ 2 -os 13,464 40,661 3. 02 - ---- -1 54, 163 
1 96 --- - 22-35 9, 072 3 '0691 4. 20------ , 13 '079 
1 97 ---- 27-31 16, 519 39, 565 2. 40-- ---- 149, 502 
1 9 ____ 1 -33' 1 1 4 1 61,1 51 3. 2 __ ____ 99, 651 
1 99 __ __ 16-431 29,355 6,697 2.95 _____ _ 79, 55 
1900---- 1 -451 43, 3031 205,256 4. 7-1: ___ __ _ , 1 '509 
1901 ............ 16-30 62, 3 5 24 1 Q 4 3. 9 ............... ... 1 22 1 1 7 
1902 ____ 1-321 13,2751 52,371 1 3.95--------- 194, 132 
1903 ---- ------ 14, 56 55, 710 3. 75-- - - -- 179,205 
190~ ---- 15-321 17, 074 54, 104 3. 17 _____ .../ 105,27 
190o ---- H-41 45, 8371 110, 4971 2. 41 ------ 1, 73 
1906 ---- 26-36 32,400 97,600 3. 01_ ___ __ (d) 
1907 ____ , 20-25 41, 694 9 '311 2. 36 -26 31, 544 
190 ---- 22-26 15, 973 39, 46 2. 4 7 6-22 35, 5 1 
1909 ---- ----- - 12, 905 29, 6 2 2. 30- ----- 52, 119 
1910 ............ ------ ________ , __________ .................. 5-261 55,770 
1911- ---------------- - --- --- ------ ---- 4--!0 41,753 
1912 ---- - ----- -- - -- -- - --- ------ - ------ 6-24 4 161 
1913 ---- - ---- - - ---------- --- -- ---- ---- 2-37 49,753 
19H ____ 21 2,100 4,956 2.36 5-371 37,71 
1915 ____ 20- 35' 15,956 41, 527 2. 60 5-3o

1 
'14, 965 

1916 ---- 2-!--H> 90,600 2961 262 3. 27 5- 35 1 16, 263 
1917 ---- 19- 32 104, 115 267, 2 4 2. 57 5-37 U20, 600 
191 ---- 16-40 103, 55 723, 179 6. 96 5-35 h24, 931 
1919 ... __ _ 26-39 22,221 359,927 16.20 5-35 i29,769 
1920 ---- 19- 40 14,629 152, 170 10.40 3-22 34,670 
1921 ____ 20-41 1,4H I 1,527 13.10 3-25 10, 19 
1922 -------- -- --------1------ ----- ----- 4--1 13,951 
1923 ---- 1 - 3 201 626 109, 407 5. 30 2-27 10, 376 
1924 ---- 13-3 25, 270 13 ' 49 5. 49 13 j 4, 4 4 
1925 ---- 17- 3 5, 93 24 296 4. 10 5-2 j 11,44 

10, 333 3,466:076 == == 2, 322, 963 

• The larger part or the ore indicated here is manganiferous iron ore. The ore 
containing over 35 per ceut or manganooe mal' be considered manganese ore. 

b Includes 1,500 ton from Montaua. 
c Includes 1,049 tons from Montana. 
d Ore ror !luxing not reconled. 
•Includes 796 ton con taining le s tbao 5 per cent or manganese. 
/ lnclu{!es 1.02 tons ~on tain log less tban 5 per cent or mangauese. 
, Include 141 tons coutaioing I than 5 per cent or manganese. 
h Incl udes 1,684 tons cont.aioiug less tban 5 per cent or manganese. 
iJucludes II tons containing less than 5 per ceut or manganese. 
J Dry weight. 

From 1909 to 1914 no ore wa hipped for the man
ufacture of piegelei en, but the war cau ed so great a 
ri e in the price of manganese that. the mine1 

nrrewett, D. F., U.S. Geol. Survey Minenl Resources, 1912, pt. l, p. 212, 1913. 
'l' he figures recorded include small quantities or ore from iontaua. 
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attracted to the d 'elopment and mining of ore of 
this cla s for sale to manufacturer of piegelei en 
and mangane e. The annual production of pieg l
ei en ronched a maximum in 191 but rapidly de
clined wh n the war demand cea d. During tho war 
a large quantity of ore containing 30 to 35 per c nt of 
mangane e was open tl and shipped, but only a com
parati ely small quantity of mangane e ore containing 
35 per cent or more of mangan e wa found. 

_The contribution of manganiferou fluxing ore to 
Leadvill ' output of gold, silver, copper, and lead from 
190 to 1923 i hown below. B ides these ore mai
ler quantities of iron fluxing oro o entially free from 
manganese hftv been hipped ince melters wore first 

fll' t tabli hod in th di tri t , but a detailed 
. f ~~ of sh1pm nts separate rom tho o of manganifero 

k 1 . u ore 
has ?e~n d-ep~ on y m~~ _19 ~ 5. ~ ee below.) 'l'he iron 
01f·o 1hnc du. e . rowdn OXI 1z . ore rom

1 
~he western part 

o t 1 tnct an magnettto- p cu ante ore from th 
Br c e iron mine. This mine was productive b f 6 

·1 · · d" d d · f e ore 1 0, untt 1 ore wa t nr m avor of brown 
from Fry r Hill. or cord of its shipm nt wa kore 
until 1907, but from 1907 to 1920 it hipped 7 ;~ 
hort _ton of iron oro ~vith a v ry low cont nt of ~old 

and d er. R cent h1pment hav contained 0.06 to 
0.17 ounce of g?l~ and 2 to 4 oun E'S of ilver to the 
ton. Below th1 n·on or wa found and mined much 
siliceous gold- ilv r ore. 

Oxidized iron-manganese (silver) ore f or fluxing, produced in Leadville distr ict, 1908-1925 

Rocoverod contents 

Year 
Ore (shcrt 
tons, dry 
weight) 

T otal 

Original avcrtge 
COntCDl (per cent) 

_, __ A vemgo • 

Gold il ver Copper Lead Gold J iiYer II Copper / Lend l----~---
(fine ounces) (fine ounces) (pounds) / (pounds) (ou ~~~) pcr , (ou~~~) per (per cent) I (per cent) I Iron gao~~ SIIK'I 

·1--1--1· _, _ I __ 

me: . : ~~: ii~ ::::::::::: :::::::::: :::::: ::}::: :: ::)::: :::::1:::::::: :::::: :t :::::::::::: ::::::; 
191L ___ a 64, 296 a 1, 566. 16 319,574 --- --- ---- , 2, 353,112 0. 02-l I 4. 97 -------- ~ 1. 3 ------ -----~ ~ - - .. . 
1912____ a 69, 05 a 1, 799. 62 276, 016 -- -- - - - - - - 1, 702,976 . 026 3. 95 -------- 1. 22 - - ---- ------ -~~ .. . 
1913 ____ a 61,389 a 1,410.03 312,207 1,566 1,720, 661 .023 5.09 -------- 1.40 ________ _______ .. . 
1914____ b 4 '839 192.45 220, ~1 34 , 1, 271, 7 1 . 004 4. 52 -------- 1. 30 '------ ------ - -- ~~: 
1915 ___ _ c 16,761 95. 91, 9"1 - ---- - -- -- 403,242 . 006 5. 49 -------- 1. 20 43. 6.5 14.0 11. 10 
1916____ c 1 ' 215 2 . 03 110,743 ---------- 245,522 . 002 . 0 -------- . 67 43. 64 12. 27 12.95 
1917___ _ C21, 447 291. 17 114,094 2, 666 515, 970 . OH 5. 32 -==------=--, 1. 20 33. 5 13 79 13 3!' 
191 -- - - C26, 955 291.05 172,475 1, 569 7 3, 906 . 011 6. 40 ___ _ l, 45 33. 97 12: 9 16:!6 
1919 ____ c 33, 341 86. 41 259, 65 1, 9 5 42, 365 ------- - 7. 79 ------ -- 1. 26 31. 53 14. 23 17.51 
1920 ____ c 37, .934 90. 70 270, 431 ----- - - - - - 1, 043,66 . 002 I 7. 13 ___ 0 ___ 0_2 __ 1 1. 3 29. 90 15.6 15. 5Z 
1921_ __ _ c n,6 4 6.00 97,77~ 5,724 354,417 ' .007 .37 1.52 31.16 16 . ~6 13.33 
1922 __ __ cd 15, 01 30. 07 92, 50" 1, 338 649, 99 002 l 5. 5 2. 06 32. 52 13. 73 II. 0 

1924_____ _ C5, 027 . 90 31, 0 4 - - -- ------ 196, 062 . 002 6. 1 --- - ---- 1. 95 36.50 13. 00 11.70 
1923 ____ , c 12,079 1 . 30 9, 2 - ---- ----- 436,247 : 002 7. 44 ======== , 1. 1 31. 50 14. 10 16. 65 

1925 ____ c 12, 22 1 7. 0 91,091 - - -- -- -- - - 535,500 . 001 7. 10 ----- - - - 2. 09 32. 26 ,14. 3 15.22 

• Includes iron fiux and some silic ous gold ore from the Breece Iron mine 
b Iron and iron-manganese (si l\·er and some lead) flu x. · 
e]ron·mangane C (silver and SOffit lead) flu x. 
d Includes 176 tons of iron On <. 

Oxidized iron ore for fluxing, produced in Leadville distr ict, 1915-192J a 

1915 ________________ _ - ------
1916 ___________ __ ____ __ _____ _ 
1917 _______________ _______ __ _ 

191 -------- - --- -- -----------1919 _____ __________ __ ___ ____ _ 
1920 __________ ___ __ _________ _ 
1921 ________________ ________ _ 

Ore (short 
too•, dry 
weight) 

Gold (tine 
ounces) 

5, 699 539. 55 
3, 79 333. 01 I 
6, 050 300. 33 
2, 0 1 - -- - -- -- - -
1, 726 5. 5o I 
1, 990 3 4. 00 
6, 25 2. 10 

R eco'"ered con tents 

T otal 

Silver (flue 
ounces) 

Copper 
(pounds) 

Lead 
(pound ) 

3, 992 556 514 
2 9 2 

24: 373 ,----6:919- ---49: i6i-
1 , 257 I a, 6n 14, 296 
7, 063 - - ------- - 39, 3 
9, 67 I 507 3, 596 

1 ' 471 11, 705 234, 74 

Gold 
(ounce 
per ton) 

0. 095 
- 0 6 
. 050 

. 050 

. 193 

. 013 
-----

. Small ou tput in !922 include<! with iron manganese flux. 

Average 

ilvcr 
(ounces 
per ton) 

Copper Lead 
(J)I'r cent) I (Jl'r cent) 

0. 70 --- - -- -- _____ .. 

4: ~~ , -- -0:-~f ----6:-~ 
4. 09 _ _ _ _ _ _ _ _ L 14 
4. 6 . 01 2. 10 
2. 95 . 09 I. 
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Ores containing valuable quantiti es of bismuth have 
asionally been sold in mall amounts, but no sys

~~atjc records of shipments or bismuth content were 
kept for several ~ea1 , and recently producer~ of 
bismuth in the Umted tates have been r eluctant to 
disclose the quantity and source of their output. In 

the L eadville district bi muth ha been found in the 
Floren0e, Lilian, Pre ident, Ballard, Little Prince, 
Big ix, Highland Mary, and occasionally in a few 
other mines. The few scattering records of bi muth 
produced from Leadville ores are as follows: 

Bismuth produced in Leadville district 

Mine 
Price of 
metallic 
bismuth 

per pound 
Ore (tons) Bismuth 

(pounds) Value Source of information 

----------------i-1-- ---------

(n) ------------------------------ ------ ---- - -- - . - 1 --------- - ------ ----
Probably Ballard ___ _______ __ _____ ··----- · 1. 18 __________ ---------- $10,000 / 

Mineral I nd u try. 
Leadville Herald-Demo

crat. 

:~:::: ::::: ~~ :::::::::::::::::::::::::::::::~ i: !~ ---;253."6" :::::::::: 1ig: ~gg 
J90L-- Ballard and Big ix_ ___ ___ _____ ___ _______ 1. 2 c36 5, 2 10,705 1 

Do. 
Mineral Re ource . 
Mineral I ndustry. 

. Do. 
Mineral Re ource . 

!905.--- Ballard. cl________________________ ________ 2. 14 c 9. 2 / 1,7 4. 8 /3, 19 
J90L -- Two mmes 0-- - ---- ··-------------------- 1. 25 --- ------- 8, 333 12,500 
!907 -- ' (h) ----- -- ----------- ---- -- --------- - -- 1. 25 - -- ------- -- -- - - ---- ------ ----

:~:f:: l _ ~-i~~d~~~- ~~~~~ ::::::::::::::::: == :::::: ----- =·-~-- g~ :: = ::::::: ---- ~~ ~:~- 1 

---' ------'------·-- -- --- L $205, 844 '------------
• Locality not given. 
14 to 10 per cent ore. 
<Ore averaged .17 per cent of bismuth; Mineral Resource; gives 5,184 pounds, valued at $314. 
d)finegiven in Mineral Resources. 
'6.4 to 13.9 per cent bismuth, Mineral Industry, vol. 14, p . 52. 
1 E:timated by taking a ,·erage of extreme percentages anu average annual price of metal. 
1Name; of mines withheld. 
1 Ore mined but. not so ld. 
IJI.6 to 15.97 per cent bismuth. Ore yielded "several tons" or metal. 
1 ReporteJ simply as one lot of 15.47 per cent bismuth in tbe form or carbonate. 

These data are sufficient to show that the total value 
of the bismuth produced from Leadville ores has been 
only a mall fraction of 1 per ent of the total quantity 
and value of metals derived from the district. 

GROWTH OF THE CITY 

The growth of the city of Leadville up to 1 0 is 
de cribed by Emmon 18 in the following word : 

The nucleus of the present city of Leadville con isted of a few 
log house cat.tered along the borders of California Gulch below 
the Harrison R duction Work . In the pring of 1 77 a p tition 
forapo toffice wa drawn up by l\Ie srs.Jicnd ron, l\I y r, and 
Wood, which n ces itated the adoption of a name for th new 
town. :\.lr. l\leyer propo ed the name of Ceru ite and Aga -
siz, both of which wer rej cted as being too scientific. Mr. 
Wood proposed the uame of Lead ity, to which Rend rson 
objected that it might be confound d with a town of th same 
name in the Black llill , and th name of Leadville was finally 
adopted as a compromi c. The r:lpidity of the growth of this 
city borders on the marvclou . In the fall of 1 77 the popula
tion of Leadville was c tim a ted at about 200 per on . The 
busine houses of the town w re a 10 by 12 grocery and two 
saloons. 19 In the pring of 1 7 a corporation was form ed, 
which was continued for six week , when the town's growth 
justified its transformatio n into a city of these ond cla s, 1r. 
W. H. James being the first mayor and John W. Zellers city 
treasurer. Within two years Leadville gr w to be the second 
city in the tate, with 15,000 inhabitant and as es able prop
erty of from $ ,000,000 to $30,000,000. I n 1 0 it had 2 
miles of streets, which were in part lighted by ga at an exp n c 
of 5,000 per ann um. It had waterworks to supply all the -"U .. Oool. urvc~ Mon. 12, pp. 1-1- 15, 1886. 
"-~ loeal consns placed tho population in 1 i7 at 5,0 10. 

business portion of the city, having over 5 miles of pipes laid. 
I t had 13 schools, presided over by 16 teachers, and an average 
attendance of 1,100 pupils; a high school, costing 50,000; five 
churches, costing from $3,000 to $40,000; and three hospitals, in 
one of which 3,000 patients were treated during the year. In 
1 0 1,400,000 was expended in new building and improve
ments. It had 14 smelter , with an aggregate of 37 shaft 
furnaces, of which 24 were in active operation during the census 
year, and its producing mines may be roughly e timated at 30. 

ince that time the numb r of inhabitants has 
fluctuated con iderably . In 1 90 it had fall n to 
10,3 4 but in the next 10 years it rose again to 12,455, 
only to f1tll back in 1910 to 7,50 . In 1920 it was 
4,959. A con iderable deer a e in population had 
tak n place in 1919, owing to the d pr ion that began 

on after the nd of the World War. Continuation 
of the depre ion through 1921 doubtlc caused fur
ther deer a e. 

During the 44 year · that have pa · cd ince the first 
o-eologic report of Emmons •va publi hed the city, 
in pi te of th flue tuation in i population, has grad
uall - pr ad over a wider and wider nrea. othing 
will more trikingly r veal thi fact than a comparison 
of the photograph taken by Emmon in 1 0, which 
form the fronti piece of th fu t Leadville r port (pl. 
4 of thi report), with the ono taken in 1912 (pl. 1) . 

During th period from 1 9 to 1907 the workings 
of the min extended beyon l th Carbonate and 
·Pend r.v fault zone and pr ad b neath the city treats 

I 
a far w t a HmTi on Av nue. haft and dumps 
app ar d within the citv block , o that ma ny a high 
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cribb cl-up " ·a t h eap ( pl. 1) Lood ide b - id 
with dw !ling~ and th eli po al of wa to bocfl.me R. 
eriou. probl m, for n clump could not bo xt ncl ed 

beyond th limi of tho urfac prop r ty of Lhe min , 
nor ould it bo permitted th<~.t building hould be 
overwhelm d by the growing n.ccumulation of debri . 
To one looking a tward ov r the city tho gallow 
frame -vie in promin nco with the teepl of hurches 
and other high buildings and exceed them in number. 
( ee pl. 1. ) 

POWER 

Throughout the larger part of the h istory of the 
Leadville eli tric t steR.m ha boon the ourcc of power 
for hoi ts, compr or plan , and mill , and to a very 
small xtent it i till in use at one or two of the min . 

Cu tom electric-power er vicc wa in roduc d in 
L eadville in 1907 by the Leadville Ligh t & Power Co., 
a sub idiary of th Central Colorado Power Co. Prior 
to this time cu tom electrici ty wa avail able for liO'h t
ing only, excep t for two or three small power instal
lation in the town and an in terch ange of po\ er orvicc 
be tween adjo ini ng mine . Until tho ummer of 19 9 
the Lendvill Light & P ower Co. op l'ttted with it own 
steam plant in alifornia Gulch neaT the portal of the 
Yak tunnel. The cnpacity of th is plant wa 3,000 
kilm atts. In July, 1909, the entral Colorado P ower 
Co. began to operate it hydroelectric power plant, 
replacing the st am-plant service in Load ville with serv
ice from a sub tation on its high-ton ion line . T he 
Central Colorado Power Co . and the Leadvill e Light 
& Power Co. were later reorganized and con olidatcd 
as tho olorad·o Power C . In eptember , 1924, th 
Colorado Power Co. wa ab orb ed by the Public, ervice 
Co. of Colorado. 

The hydroelectric tation known as the ho hone 
station, operates on diverted water from Grand Ri ver 
and is about 12 mile e s t of Glenwood pring . Tho 
tran mi ion line extend from the ho hono plant 
eastward, O'enerally following the line of the Colorado 
Midland Railway over Hagerman P ass to L end ville, 
thence oorthea tward over Fremont P ass to ummit 

ouo ty, thence eastward over Argentine P as (alti
tud 13,000 feet) into and through Clear Creek County, 
and thence to Denver. Curren t from the high-ten ion 
line is di tributed by mean of sub tations and local 
di tribution sy terns . ubs tation are located at Den
ver, Idaho priog , Dillon , and L eadville. The Lead
ville ub tation compri e three 1,500 kilovolt-ampere 
transformers with one pare unit ; t.hese step down to 
6,600 vol ts for eli tribution. The distribution line 
ar e copper circui on wooden pol . The Lead ville 
network of distribution lin s extends westward to the 

ugR.r Loaf mining distric t and to the mining district 
at tho head of Upper H alfmoon Gulch, just a ·ro a 
divide from the Lackawanna mining di trict, north
ward to the upper reach of Big Evans Gulch, and 

ell tward to th head of Iowa ul h. Thr e-pha·e 
60- yclo urrent i d li ver d to th ·u ~o:n rat a poten. 
t ial of 440 volt , th company prov1dmg the nee . 
sary tn:tn former . The rat for po' er ervice ar 
uniform ov r the ntire sy tern. Public-utili ty ertic: 
in Colorado i und r th control f a commi. ion wi th 
which the rat f ftll cu tom pow r ompanie must be 
fi.l ed. The laws ar purticularl. evore in p nalizing 
any eli criminati n b tween cu tomers. The power 
cu Lorn r ha ix month in which to a rtain which of 
the chedules i parti ularJy adapted to hi. r'quire
mcnt , and th r after h e opera un Lor that ch dule. 
The compros or rate is avR.i labl wher a c mpr or 
is the pre lom.inating load, and th h oi t mLe where a 
mine hoi t i th predominaLina load . 

With tho exception of tw la~rg min who e 0,"11• 

ers are unwillina to und r tak tho expon e of electrifi
atioo and th abandonm nt of a v ry con idcnble 
team iu tallaLion, practically all pow r u ers in the 

LeR.dville mining district in r c n t y ar~ ha\ e pur
chn. eel th ir power from the Colorado Power o. In 
general , in the L iLdvill district good t am coni can 
bo obtained at '3 to ! a ton, th priced p ndin<r on 
the 1 cation. 

In January, 1910, th ompany' op rating r cord 
for Leadville how 1,743 horsepower onnoctcd load, a 
peak of 1,30 kilowat on Lh ub tation; and an out
put to he eli tribution n t \ rk for tho month of 
477 ,327 kilowatt-hour . In Dec mb r, 1914, the or
responding £0'ure wer 6,569 horsep wer connected 
power load, 2 350 kilowatt ub tation p ak and an 
output of 1,202,7 0 kilowatt-hom . 20 

CHRO OLOGI S MMARY 

In order that th principnl vent in the hi. l ry of 
Leadville may mor a ily b pa eel in revi ". the 
following chronologie ummary ha b en prepared. 
The information ha been ulled from ruany ourc . 

18!2-1 59. Valley vi ited by trappers and individual ex
plorers. 

1 ~- Fremont enter and pas e th rough upper Arkan as 
Valley . 

1 58. Organized prospecting exped it ions from Auraria, Ga., 
in J une find gold in Cherry Creek and on outh Platte Ri1•er, 
near pre ent site of Denver. Ru h to " Pikes Peak" region 
begins. 

1859. On January 7 J ackson finds placer gold in hicago 
Creek, and on May 6 Gregory fiud decomposed oxidized out
crop of gold lodes on North 1 ar Creek. Rush to "w . tern 
Kansas' continues. Gold-bearing gravel depo it found on 
northern border of outh Park, in Tarry all Creek, on the Pintle 
near Fairplay, and on the t ributarie of Blue River ncar the 
present town of Breckenridge. Gold discovered at junction 
of California Gulch and Arkansas River by later and others. 

. B. Kellogg comes to Colorado a fter 10 years' experience in 
placer mLning in California. 

1 GO. D eposits found in a valley lead ing from Io"a Gulch. 
California Gulch preempted in 100-foot claims for 7 miles. 

20 Information obtained rroro Colorado Power Co. 
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California mining district organized by later, Currier, and five 
thers on April 12. Kellogg and Tabor enter California Gulch 

0 Ap~il 26. Plac r gold excitement grows. Probably 10,000 
0~ple at work by July 1. Discovery cl~im, a?ove A. Y. and 
~Honie mine, produced $65,000; other cla tms d td as well. 
' 1861. Lake County organized as one of original 17 Colo-

do counties by Territorial legislature. (It has been cut down 
ra . ) p . several times to present stze. roductwn of placers decreases, 
and population of Oro City begins to dwindle. D itch for carry- · 
ing on sluice mining built from Evans across head of California 

Gulch. 
186cl. Oro City abandoned. 
1865. California Gulch almost abandonded. 
1866. Only 150 permanent re idents in Lake County. 
1 67. A few prospector· only left in Oro City. 
1868. In June Printer Boy vein on Printer Boy Hill discov

ered by Mullen and mith; F ive-Twenty and Pilot veins lo
cated. In August stamp mill built at Oro City to treat ore 
from Printer Boy m ine. Lower Printer Boy mine located. 

1869-l SU . Period of depression. California district nearly 
abandoned . 

1871. Homestake mine, on Home take Mountain, in Sa 
watch range, opvned. Placer mining continued in California 
Gulch with decrea ing yield. A 5-stamp miU erected on the 
Five-Twenty property. 

1 73. Several rich gold strikes in California Gulch . 
1 74. Placers on higher ground in California Gulch devel

oped. tevens and Wood find ~arbonates. 
1 15. Chlorination works built by Breece in California Gulch 

fortreatment of gold ore from Berry tunnel. melter at Malta, 
10 tons capacity (two roasting furnaces and one blast furnace), 
under construction, expecting to treat Home take ore and other 
ilver ore which it was hoped would be developed. Wood and 
!evens locate claims on contact between Blue limestone and 

White porphyry on Rock and Iron hills, covering la rge portions 
of Iron ilver Mining Co's. property. Work begun on present 
Rock claim (Dome Hill) in the fall . 

1 76. hamrock and Carbonate mine , on Carbonate Hill, 
located. J. H. Dana mine, on Long & Derry Hill, located by 
Abe Lee. Rich ore found in croppings of I ron and Bull's Eye 
claims, on Iron Hill. A. Y. mine, on Iron Hill, located. A. R. 
~!eyer makes first shipment of 200 to 300 tons of carbonate 
ore from Rock mine, on Dome Hill, to t. Loui , Mo. Camp 
Bird and Charlestown claims located on r orth Iron Hill by Gal
lagher Bro . Long & Derry min located by Long & Derry. 
Colorado b come a tate. Lizzie m Iter begins operation at 
)!alta. 

1 17. Petition for p t office fil d, and name of Lead ville 
adopted on January 1 . Ore di covered on Fry r Hill by 
George Fryer. Little Pittsburgh min , on Fryer Hill, located a 
month later by Riche and Hook for H. A. W. Tabor. Tabor 
buys Chicken Bill's "salted" ground for . 40,000 and, with 

ocia.te , under title of Tabor, Borden & Co., develop it and 
find it to be very valuable. Cr scent, Yank e Doodle, Catalpa, 
Evening tar, Morning tar, and other mines on Carbonate 
Hill opened. ensus by local town board on Decemb r 24 
showed population of 5,040. L adYille smelter begins oper
ations. 

l 7 . melter of La Plata Mining & m lting Co. "blown 
in" in June. Leadville made a city of the second cla 
piing works of August R . Meyer & o. and Eddy, Jam o. 
start work. Grant smelting works begin operations in ep
tember. Harrison Reduction Works ( t. Louis m lting & 
Refining o.) begin operations in October. 

1 78- 1 Si. I ron-Silver mine the leading producer. 
1 79. Chaffee County made from a part of Lake County by 

tate legislature. Leadville second largest city in olorado; pop-
ulation 15,000; a able property,$ ,000,000 to 30,000,000; 
)llade a city of the first cia . Morning tar very Jarg pro-

ducer. Little Pittsburgh Coo olidated Mining Co. incorpo
rated, covering Little Pittsburgh, New Discovery, Dives, Union, 
and Winnemuck claims. Arnie, Dunkin, Matchless, and other 
mines on Fryer Hill begin producing. Tabor, Borden & o.'s 
property purcha ed by Chrysolite Consolidated Mining Co., 
capitalized at $10,000,000, including the Carboniferou , Chryso
lite, Fairview, and All R ight claims. Pendery-Glas Mining Co. 
organized. Evening Star produces largely. Robert E. Lee 
vein di covered in winter (January?). Carbonate ore discov
ered on Little Ellen Hill, and Little Ellen mine opened. 
Highland Chief mine opened on north slope of Breece Hill. 
Pendery shaft strikes second or Gray porphyry contact. Ameri
can smelter erected by American Mining & melt ing Co. in 
California Gulch; begins smelting in May. D enver, South 
Park & Pacific Railroad reaches Buena Vista in the spring . 
Ore struck in Breece iron mine, on Breece Hill. California 
smelter erected and begins smelting in June. Billing & Eilers 
smelter begins operations in May. Ohio &. Mi souri smelter 
erected in Big Evans Gulch; begins operations in June. Gage, 
Hagaman & Co.'s smelter and Raymond, herman & Mel ay's 
smelter begin operations in June. Elgin smelter erected by 
Elgin melting Co. and begins smelting in June. Cumming & 
Finn's smelter begins operation in July. Little Chief smelter 
begins operations in Augu t. Adelaide smelter begin opera
tions during the year. 

18 0. Henriett mine begins producing (?). 'liners walk 
out on strike May 26; martial law declared by Governor Pitkin 
June 13. trike terminates June 1 . First train run over 
D enver & Rio Grande Railroad reaches Leadville August 2. 
Two de peradoes, Frodsham and tewart, lynched, and period 
of extreme lawle sness brought to an end ovember 20. ev
eral ore-buying companies active: also 11 or 12 melter y ield
ing bullion and four stamp mills operating during the year. 

18 2. Arkan as Valley melting Co. formed, by consolidation 
of Billing & Eiler's Utah smelter and the A. R. Meyer & Co.'s 
sampling works; largest smelter in Lead ville. Grant molter 
destroyed by fire. 

1 3. ix large smelters in operation. Little Jonn y haft 
down 120 fee t . Breece iron mine the only producer on Breece 
Hill. Adam Mining Co. incorporated, including lontarf, 
Brookland, and Moyamen ing claim . 

1 i . Manville smelter put into operation. melters at 
Leadville still taking most of the ore, but those of Denver and 
Pueblo increasing their purcha es. everal mills active. Little 
Jonny producing I ad-silver ore. Iron Hill continues to be 
largest producing center, but depo its on arbonate Hill re
garded as chief lead re erve. 

1 5. ulphide t ruck in ew Pi ttsburgh group. melter 
competition pronounced. Four tamp mill begin operations 
in April on gold ores: Oro mill, 25 tamps ; First National, 10 
~tamps; even-Thirty, 5 stamp ; Lilian, 20 stamp . Mixed 
ulphide ores first mined for lead and silver; no market for 

zinc. Concentration plant reoted at Iron- ilver mine in April. 
Concentration plant installed at Wolftone mine Augu t 15. 
F. L. Bartlett begins experiments at Portland, Maine, on treat
ment of lead-zinc sulphides, which resulted in e t.abli hment of 
a zinc-oxide plant at Canon City ix years later. ilver ord 

' strike ulphides eptember 12. California Gulch placer pro
duce 60,000 in gold during the year. Concentrating plants in 
use to treat zinc-lead ores; de igned to make high-grade lead 
concentrate from low-grade zinc-lead sulph ides; the zinc- ul-
phide concentrates are allowed to accumulate, and later (1 99-
1901) l~~.rge quantity shipped to Wale and Belgium; 1900-1902, 
domestic m Iter succeed in treating ore and concentrates and 
drive Europ an buyers from market; 1907- 1914, large quantity 
of zinc concentrate re-tr ated by magnetic eparation at Canon 
City and Pueblo. 

1 G. Concentration plant erected at Col. eller mine in 
January. Project of drainage tunnel from Malta ea twatd 
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first suggested. Leadville monograph publi hed . Alice placer 
bought May 1 by Leadville Tunneling & Mining Drainage Co. 
for draining all Leadville mines. 

1887. Colorado Midland Railway reaches Leadville, and 
first train run into city eptember 3. 

1889. First work started in Downtown district beneath the 
city of Leadville. 

1 90. Large deposit of copper-bearing sulphide ore found 
in Henriett and Maid of Erin propertie . 

1891. Ten shafts sunk within city limits of Leadville, open
ing up Downtown district. Ore encountered in Penrose, Gray 
Eagle, Lazy Bill, and tar of Hope shafts. American Zinc 
Lead melting Co. (Bartlett process) started operations at 
Canon City. John Campion finds gold ores in Little Jonny 
claim. 

1892. Center of mining activity shifts to Downtown dis
trict. July 2, plans drawn for drainage tunnel from Malta 
to drain Leadville mines (often discu sed and debated again 
as years went by but not yet started in 1925). 1 ovember 26, 
Little Jonny mine shipping copper sulphate ores. New smelt
ing plant errected by Bi-Metallic melting Co. on site of old 
La Plata smelter. 

1893. Sudden fall in price of silver cau es shutdown on most 
of lead-silver mines July 15, and vigorous prospecting for gold 
ores results. Gold from Breece Hill propertie begins to make 
gold output of Lake County important. Gold production rises 
from $250,000 to nearly $1,000,000. On September 23 mine 
owners and miners agree on a reduction of wage until silver 
rises to 3~ cents a fine ounce. 

1 94. Gold production increases from $900,000 to $1,500,000 
Gold producers include Ibex Co., comprising Little Jonny, 
Uncle am, Little Stella, and others; Little Winnie, evada, 
Little Ella, Valley, Midnight, Australian, Virginius, Fanny 
Rawlings, St. Louis (Colorado Prince and Miners Boy) , Eliza, 
Highland Chief, ettie Morgan, and Great Hope. Resurrection 
and Garbutt were among the pwmising prospects. Yak 
Mining, Milling & Tunnel Co. incorporated. 

1895. Extensive developments in Downtown di trict in 
Gray Eagle, Pocahontas, Bon Air, Gazelle, and other mine . 
Work on Yak tunnel started by enlarging the first 3,000 feet 
of the ilver Cord single-track tunnel to double-track. The 
next 1, 42 feet to the face of the ilver Cord tunnel remained 
single-track, but from that point a double-track tunnel was 
cut. 

1 96. trike of 1,600 miners June 21; later pread until 
nearly all mines in the district were closed. Militia called out 
September 20 to protect property and quell disorder. 

1897. March 9, strike declared off by miners' union and 
strikers return to work at old wage cale. 

1 9 . October 22, work begun in unwatering mines of the 
Downtown di trict, flooded during the strike. 

1 99. Snowstqrm in January to March for 57 days cau es 
blockade and ties up many of the mines. In April unwatering 
of mines in Downtown district practically completed through 
efforts of a pumping association composed of practically all 
leasing companies and owners of territory in the Leadville basin; 
15,000,000 gallons of water a day handled. Two-mon th smelter 
strike occurred during the summer. Leadville very active; 
producers worked to the limit, and much exploration work 
undertaken . Nearly all lead smelters in the Rocky Mountain 
States taken over by the newly organized ·American melting 
& Refining Co. Ibex workings aggregate nearly 45 miles. 

1900. Leadville very active. Highest gold production in 
history of the district. Zinc industry grows, and treatment of 
lead-zinc ores receives attention . A semipyritic smelter started 
in ovember, 1 99, by the Boston Gold-Copper melting Co. 
is operated continuously through 1900. Leasing system pre
dominates. 

1901. ew zinc concentrating mills at Minnie andRe urr . 
tion mines. cyanide mill erected to attempt to treat g;~ 
ore from the Garbutt and Little J onny. 

1902. Ohio & olo~·ado m l~ing C~. com~letes meltingplani 
at alida. Magn tiC separatiOn mllls butlt at Canon City, 
Pueblo, and Denver. 

1903. Magnetic separation plant er cted at Resurrection 
mine. Milling plant for low-grade sulphides erected at Arkan. 
sas all y melting Co. 's plant. Fifty-ton concentrating mill 
erected at Ballard mine. 

1905. Rho (frequently sp lled Rowe) magnetic separation 
mill erected at mouth of Yak tunnel, replacing the old Yak 
concentrating mill. 

1906. Damascus, A. Y. & Minnie, Adams, and Rho mills in 
operation. 

1907. Financial panic in the fall causes partial cessation or 
mining activity in the di trict. Only Rho mill active. Down. 
town mines allowed to fill ' ith water. (Compare 1916.) 

190 . Rho, Adams, and Leadville District (new) mills active. 
1909. Adam mill clos d. On January 1 Yak tunnel reaches 

a point 3 miles from portal. May. 15, first wire-rope tramway 
in Leadville installed at Tu son mine on I ron Hill. Augu t 14, 
first recognized body of zinc carbonate ore opened in Robert E. 
Lee mine. eptembcr 25, Robert E. Lee begins shipment~ or 
zinc carbonate ore (unsucce · ful). October 30, ak tunnel 
r aches Resurrection haft o. 2, nearly 3~ miles from portal. 

1910. Zinc carbonate ore found in old workings of Arnie, 
Henriette, Maid, Wolftone, Morning Star, Evening tar, Big 
Chief, Ca tle View, Arnie, Iron ilver, and Fryer Hill mines. 
Heavy shipments to about 1915. Carbonate of zinc ore di. 
covered in Lime and tevens shafts October 29 . 

1911. Rho mill closed. Zinc carbonate ore discovered in 
Ibex mine April . 

. 1912. Leadville lines Pumping Co. signs contract to un
water mines of East Fryer Hill, May 1 . Zinc carbonate ore 
found cptember 7, in La Plata mine, on Dome Hill. Yak 
tunnel winze on Diamond ground, 4 miles from portal of tunnel 
on October 26. Year shows maximum yearly output of zinc 
carbonate ore. 

1913. Drop in pric of zinc slowed up production of zinc 
carbonate. 

19U. A 50-ton zinc oxide plant built for treatment of zinc 
carbonate ore containing 16 p r cent or I ss zinc. Operated 

' only short time in 1914. Leadville District mill remodeled, 
and flot.ation equipment added. Op rated on lead-zinc ore 
from Lead ville and Red liff. Unwatering of Downtown mine 
planned and installation of equipment begun at Penro e shaft 
by Downtown Mines Co., a consolidation of large group or 
mines of lower Carbonate Hill and upper part of area within 
the city limits of Leadville. Iron-manganese ore shipped from 
the tar mines was fir t shipment for manufacture of spiegel· 
ei~en or ferromangane e since 1909. 

1915. Water in Penrose shaft (Downtown) lowered from 23 
to 700 feet below collar. Up to the end of 1915 this unwatering 
bad not affected water in W olftone and other shafts on Carbon· 
ate Hill to any extent. Plans formed to unwater mines in 
Fryer Hill. Claims consolidated and pumps installed at Bar· 
vard shaft by U. . melting, Refining & Mining Co. Zinc 
oxide plant, unsuccessful in 1914, treated 16 to 20 per cent 
(some small purchases of even lower grade) zinc carbonate ore 
from April, 1915, onward. Considerable interest shown in de
velopment work on Prospect Mountain. Derry Ranch dredge, 
on Arkansas River at mouth of Box Creek, 12 miles below 
Leadville, operated for first time. This placer production first 
for Lake County since early placer mining in California. Gulch; 
continued in 1916-1920, 1923, and 1924. Lead and ilver 
production continued to decrease, but gold from Breece Hill 
increased he a vi!y. 
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1916. The 50-ton zinc oxide plant operated on low-grade or . 
(Operated continuou ly 1916- 1925, with one short interval of 
'dleness in 1921.) U nwatering of Fryer Hill mines completed, 
1 

d zinc carbonate and iron sulphide ores sh ipped. Down
:;m mine , allowed to fill with water in 1907, again unwatered, 
and produced large quantities of oxide of lead , zinc, iron-man
ganese, and other ores from 1916 to Augu t, 1923, when pumps 
1\'ere again removed from the lower levels. 

1917. Greenback and Mikado shafts in Graham Park un
~·atcred, and ore shipped; Mikado working deep-seated ore 
bOdies of Venus claim and Marian group of claims (Iron-Silver). 
October 13, 1oyer mine practically exhausted of ore that could 
be mined at profit, and pumps pulled; mine closed after almost 
20 years of service. Zinc carbonate shipments decrease con
~derably. Production of gold orcs of Breece Hill also decrease. 

1918. Zinc sh ipments fur ther decrease. Tucson closed in 
July, ore of present commercial grade being exhausted. Oper
ations by . . melting o. on Fryer Hill abandoned in June, 
though le sees continue through y ar. Work begun in July of 
clearing old Pyrenees shaft (more than 1,200 feet deep); en
largement to three compartments planned by Iron- ilver Co. 
Greenback mine closed during summer. Wolftonc mine closed 
December 1. Drop in price of zinc in December; was first 
stage in big depression, but Mikado and Yak kept open to 
aroid prohibitive cost of closing and reopening. War bring 
first shipments of pyritic ore barren of preciou metal to sul
phuric acid plants in Colorado and to eastern plants, ns di -
tingu ished from pyrite carrying precious mctaJ hipped since 
1906 for making sulphuric .acid with return of cinders to lead 
smelters. (Barren pyrite shipments continued in 1919 and 
1920.) 

1919. All metal mining adver ely affected in January and 
February by high cost of operating and low price and poor 
demand after World War. Short labor strike in April re ulted 
in clo ing several mines, including tho e operated through 
~likado shaft. 

1920. Complete cessation of all zinc shipments in N ovem
ber. The 50-ton zinc oxide plant doubled in ize; new unit 
not used till 1922, whereupon old unit was idle. 

1921. Very little production of zinc during yen.r cut gross 
production seriou ly, because it affect also production of lead 
and ilver. Probably the worst year of Leadville's hi tory. 

1922. Improvement gen raJ, including r umption of zinc
ore shipments in r ovember. (See also 1920.) 

1923. Expira!,i n f Pit,t,man Act silver purchn c (July 1) 
cut ill-er produc ion. 

Ml lNG DEVELOPME T 

EXTENT OF WORKINGS 

The amount of und rgr und xplorn.tion 10 the 
Leadville di trict is di.ffi ult to timate with an1 ap
proach to accuracy, for althouah man of tho min 
maps arc complete o much ntir ly unr ord I work 
.h been dono by own r and 1 and by pro p c
tors in a small ' ay that m a memcnt of min map 
must nee arily fall far hort of the truth. It un
doubtedly amounts to many hundreds of miles and 
may now equal if ind ed it does not xce d that of 
a~y other mining d.i trict in the nited tates. The 
II'Ide eli tribution of the or d posit ov r the entir 
aroa and the omparatively hallow depths at which 
they lie in nearly all part of the district have natu
ral_ly l d to their attack at a larg number f different 
POJUts, with th result that most of the district is 
honeycombed with working . In plac s wh re or 

depo its have been richest, a on Fryer, arbonate, 
Iron , a.nd Breece hill , the working are of course 
greatest in xtent and complexity. On the north
w st lop e of Carbonate Hill o great has been the 
amount of underground work that the dumps have 
all run toaether in on great rna of debri , and it 
almo t eems that more of the hill i above ground 
than ha been left belo\L 

The working~ r pre nted in Plate 13 include 1,329 
haft 155 tunn ls, and 1,62 pro p ct hole and to 

the o mu t be add cl mnn. more no' ca ed in and 
ob cured or covered by clump . ]though th re tric
tion of tho ores to the edimen ary formation ha 
re ult · l in , hallow shttf and the footage of hafts i 
th refore relatively mall compared with hb.e laLeral 
exploration, it forms a urpri ingly large total. R c
ord of the geology in 411 of the 1 329 mapp d haft 
have been obtain d. orne conception of the aagre
gate amount of haft work may be gained from the e 
411 haft , about one-third of the total numher. The 
total footage in the e 411 hafG \Va 35.5 mil in 1901 
and ha been va tly increased ince, a exploration has 
be n pu hed to deeper horizons. It would not be 
urpri~ing if the aagregate 1 ngth of all the haft , 

tunnels, and pro pect hol in the di trict proved to be 
about 75 miles. 

Of the amount of drifting, tunn ling toping, and 
other underground exploration ev-en a rough e timaLe 
i impo ible, but it obviou ly is va tly in exec of 
the total amount of hafting. 

A early a 1 4, eight years after the di ov ry of 
lead carbonate ore bodie , an estimate of the amount 
of cl velopment work in 60 of the principal pr clueing 
mine am unt d to 356 24 fe t, or 67.5 miles.~ 1 At 
that carl - date the workings of one mine alone, the 

hry o!ite, amounted o 9.1 mile . Th ext nt of the 
workings ha of our e, been enormou l) in rcn eel 
ince 1 4. In 192- the working:s of a ingle mine , the 

II ex, on Brc c Hill, had an aagr aate length of 50 
mil . 

\Ver it po ihle to form an approximate e timate of 
the aggregate co t of all excavation it i probable 
that the total would form her , as in other mining 
eli trict a notably large percentage of the gro value 
of the total metallic product of the di trict, as it would 
ne e ' arily include a vast A.mount of unsucces ful and 
to ally unprofitA.ble exploration. 

RELATION OF EXPLORATION AND DEVELOPMENT TO 
GEOLOGIC STRUCTURE 

PROGR.'E S OF DI COVERY 
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were few owing to the concealment of the principal ore- 1 the Ibex mine,. on "!3r ece Hill. . inc~ 1905 interest 
bearing b d beneath White porphyry and .to the has cent red cht fly 10 deep r worl mgs m the ulphides 
exten ive covering of bedrock by glacial depo 1 nnd on Iron Hill and in Graham Park, notably the ilver 
"wash." ]rom w t to cast the outcrops arc located ord and Iron ~1 r Mine Co. , and the siliceou gold 
on the west lope of Carbonate Hili, at the sou~h o~d orcs of Brc ce Htll. From 1910 to 1914 the zinc car. 
of Carbonate Hill, near California Gulch, in Caltforma bonate orcs of Carbonate Hill and west rn Graham 
Gulch between Rock and Iron hills on Long & Derry Park ov 1 hadow d the other ore ' but Lh sulphide 
Hill, on Printer Boy Hill, on the north lope of Br~ece ore have furnished the teadi r output. 

Hill, nnd in Evans Gulch on the south lope of Lrttle METHOD OF OPE I o MI E I " DLA KET" ORE nonu; 
Ellen Hill. 

In addition to these localiti at which the ore is 
expo ed at the surface two other localiti where it 
reached bedrock surface beneath " wash" and " lake 
beds" were the seat of chan o di covery. Tho fu· t 
two outcrop di covered were in the neighborhood of 
the placer min , as would be expected; but these 
discoverie were clo ely followed by 0r simultaneou 
with tho e on Carbonate Hill, Little Ellen Hill, and 
the we t brow of Iron HilL Of the two chance di co>
erie made by working that penetrated the wa h, one 
was made on Fryer Hill under purely fortuitous circum
stan es, a d cribed on page 117. The other appear 
to have been in th<> vicinity of the Argentine tunnel, 
where the wash is thin and the ore comes nearly to 
the Ul'face. 

From the outcrop exploration was pushed inward 
and downward along the contact farther and farther 
beneath the overlying porphyries. In tlu way min
ing progressed eastward from the we t brows of Iron 
Hill and Cn.rbonate Hill and the p0int of di covery on 
Fryer Hill, northeastward from the southwest slope of 
Little Ellen 1:-Iill, and southward in the Argentine 
tunnel. 

The work progres d from the outcrops rapidly 
durmg the period between 1 76 and 1900. ot until 
1 9 wa work pushed westward from the brow of Car
bonate Hill and downwm·d beneath the city of L ad
ville, but by 1 91 a large number of hafLs hau b eu 
sunk in thi part of the district, and new and ex ten ive 
ore bodie were opened up. !though the outcr0p on 
tho north lope of Breece Hill, where the Little Jonny 
mine is located, was mined in it upper portion in com
paratively early years, the exact date are not known. 
The outcrop dipped southward so steeply into a little
known and deeply buried portion of the district that 
it wa not until 1 93 that exten ive exploration was 
carried downward toward the south and reached the 
very extensive ore bodies which have since made the 
Ibex mine so famous. 

The cent r of the greatest mining activity has shifted 
a number of times . In the early eighties Fryer Hill 
and Carbonate Hill figured most largely. Iron Hill 
and Little Ellen Hill occupied somewhat subordinate 
although very important positions. In the early 
ninetie the center of mining a tivity and interest 
shifted to the Downtown district, beneath the city of 
Leadville. In 1 93 it shifted again to the vicinity of 

r early all the outcrop mentioned on pag 117 \Yere 
"blank t" re bodi or replacement d po its in lime
stone beneath a capping of porphyry. As the ore 
horizon oincid d with th lim ton -porphyry contact 
it wa commonly all d th " ontact"; and after 
everal ore horizon had b on di cover d, that between 

th Blue lim ton and the overlyin<Y White porphyry 
became known a tho "first on tact, " and lower hori
zon w re number d in downward uc o ion. The 
early development wer all along th "fir t contact," 
which commonly had an a tward dip a a result of 
po tmineral faulting and tilting. 

Exploration at fu t followed the 11 ontact" inward 
and dow·nward from th outcrop along in lines, and 
le els w r run at ucce i e erti al inter al . 

orne of the old incline in arbollfl.te Hill, Iron 
Hill, and Little Ellen Hill are hown in Plate 43. 
Drifts at ucce ive lev l followed th contact, and 
as it was neces ary to maintain the prop r grade and 
at the nme time not depart from the undulating and 
in pla e exce dingly irregular contact, the e drift 
usually follow d inuous and wandering course , there
by mat rially increasing the d.i tance over which ore 
had to be trammed to roach the main haft. Owing 
ali o to the undulating nature of the conta tit wa u u
ally impos ible to keep in lined shafts at n. con taut 
lope, for if that were dono hey would ei th r penetrate 

the overlying porphyry or depart from the contact into 
the lime tone b low. orne effor to maintain an 
even lope took in lines o far into the verlying 
porphyry or underlying lime t ne that exploratory 
winze or raises were neco ary to find the contact. 
Consequently the slope wa generally changed many 
time in the downward coUI'Se, and the hafts were 
difficult to maintain. 

From the o-called contact drifts cro cuts were 
driven backward toward the mouth o£ the incline and 
rai put up to the contact, which became ucces ively 
higher as distances ere gained from the main level. 
An additional source of trouble with the e inclines lay 
in the natUI'e of the porphyry near the conLact. Thi 
rock is u ually . oft and claylike along the contact for 
great di tancc from the outcrop and make hea>Y 
welling ground, which mu t be clo ely timbered and 

is even then di.llicult to support. For these rea ons 
inclines were alway more or le s un ati. fnctory, for 
they were difficult to keep in repair, were expensive 
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operate and maintain, were of limited hoisting 
: pncity, a.nd involved longer distances for .under-
ound tra.mming than the more direct approach . 

gr.~ inclined shafts reached greater depth and thus 
becaroe more unsatisfactory, and as the increasing 
knowledge of the geologic occurrence of the ore 
jnrolved less uncertainty, vertical shafts were sunk 

50016 
dista.nce back from the outcrops, and many of 

the old inclines were abandoned . At :Gx,;t these shafts 
were unk only to open up ore bodies whose presence 
had been sufficiently demonstrated by inclines; but 
presently they were also sunk in considerable numbers 
forexploratory purposes by companies owning ground 

00 
th& dip beyond that owned by the companies 

owning the outcrop. Though ome of the old inclin 
continued to be used for many years after the superi
ority of vertical shafts had been demonstrated, they 
were pra.ctically abandoned at a very early stage of 
Leadville's history, and by 18 5 it had become a rule 
of t.humb with the miners to start a shaft almost 
anywhere in the porphp:y and sink to the contact. 

The method of procedure u ed with vertical shafts 
is imple, and though frequently varied in detail is 
the same in its broader features throughout the dis
trict. _A tation is often cut at the contact and ex
plora tory drifts run from it, but unless the contact is 
inclined o that. eros cut can be run beneath the ore 
body at a considerable angle to it strike stoping is 
not carried on from this level. If no con tact level is 
tarted the eli ta.nce of the uppermost level below the 

porphyry contact is governed by the inclination of 
the contact and the po ition of the ore body. If 
much ore lies on the up-dip side of the shaft the sta
tion of t.he uppermo t 1 el may be cut well within 
the porphyry cap and drifts may be run through the 
porphyry into the lime tone through and beneath 
the ores . If the ore sought lies on the down-dip side 
of the hRft the first 1 v l is started \Yell b >1 w t,he 
contact and lriv n outward until the contact · cut. 
A imilar our e i follow d on each uc e ding level. 
Except where ore i n ounter d on the le el, ntis 
are pu t throuah the lim tone to the contact abo 
In acneral rai put up f r mining do not t nd 
much more than 60 f et, but ra.i. for exploring the 
contact and lo ating th ore bodie may be extend cl 
upward for 100 fe t or more. From the tops of rais 
short explora.tory drif arc frequ ntly run along the 
contacts to locate ore bodies, but xten ive explora
tion i rar ly carried on from any individual rai . 
In ome place intermediate le ls having no connec
tion wiLh the shaft ar run from rai e , but this 
practice u ually arise from an incomplete knowledge 
of the form ~ud po ition of the ore when the develop
ment was planned. quare ets a.re u ed in all top , 
b~t in places where th ground is v ry heavy . oli l 
cnbs of timber are sometime.s employed. 

ub equent to the -ploitation of the ore of th 
first or upper contact, vertical shafts were carried deeper 

and more contacts at succes ively lower horizon 
were found. ( ee p. 1 and pl. 59 for de 'Cription of 
contacts in different localities.) Plate 9, A, shows he 
main working shaft of the Wolftone mine, a vertical 
haft about 1,500 feet east of the outcrop of the con

tact. The " first contact" was cut in the shaft at a 
depth of about 650 feet, and the Cambrian quartzite in 
the footwall of the Tucson-Maid fault was reached at 
the bottom of the shaft. Plate 44, A, shows the Pyre
nees (Rialto) shaft, as formerly equipped, located where 
the White porphyry was deepest. The shaft wa sunk 
for 1,065 feet to the "first contact." 

V\'here an ore body followed up the dip was found 
to he cut off at the footwall of a fault, and the signifi
cance of the fault was understood, development pro
ceeded in a different way. The ore was traced down 
the fault until its position on the footwall side was 
determined; then it was followed up the dip of the con
tact, the development perhaps meeting workin!!S that 
had been driven downward from an outcrop. Explo
ration along the fault was conduct d either by an in
clined shaft along the footwall, or by a vertical shaft 
started on the hanging-wall or downthrown side and 
pas ing Lhrough the fault into the footwall. hort 
crosscuts were driven from either shaft to explore the 
fault zone. · 

Several notable examples are worthy of mention, as 
a correct interpretation of the geology has in large 
measure afforded the courage required for this method 
of procedure. One of these is the Mikado mine, at 
the northwest end of Iron Hill. (See pl. 21 , e tion 
J-J'. ) 

Con iderable rich ore was first found immediately 
beneath the " wash" on the up thrown side of the faul , 
near the Camp Bird tunnel, on6 of the fir t point of 
disco ery in the di trict. This ore worked by the 
open-cut method, wus cut off harply on the west by the 
Iron faul t, and at tho suggestion of the uperint nd nt 
Mr. Chadbourne, a haft, the Mikado ro. 1, was sunk 
on the clovmthrown side of the Iron fault about 450 
fe t to the we t of its outcrop, to develop the pos ible 
ontioua.tion of ore in that direction. The haft pene

trat d the overlying White porphyry at a depth of 260 
f et and reached ore and the sedimentary formations. 
Workings soon developed the pr ence of the Mikado 
fault, 400 feet we t of the Iron fault and of much 
greater throw. The or on the bench betw en the 
faults was in turn ut off sharply again t the Mikado 
fault. In 1 90 a second shaft, the Young America 
or Mikado No.2, was unk nearly 500 fe t we t of the 
ld shaft. Thi cut the fault and th n entered t.he 

grH.nite. Dragged-in ore was found along the fault 
and was mined tnrough levels run east from the haft 
above its inter ection with the fault and we t below . 
the intersection. The haft did not follow the fault 
sur£a,co becau e of the soft ground and great flow of 
water. The lowest of the west lev I at a depth of 
1,000 feet encountered the limestone on the western 
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or down thrown ide of the fault, but no or 
developed. 

A third de p haft, the R. A. M. , was unk about 
350 fe t outh- outhw t of the MikAdo o. 2. ( ee 
pl.19.) Thi haft lik wi 'e ut the MikAdo fault and 
penetrated the granite, and exten ive de elopments 
on th mo d eeply buried portion of the 11 con tact " 
wcr' later carried on tlu·ough it. 

During thi dev lopment the wor kino-s in the Wolf
tone, RobertEmm t, and other neighborino- mine ' r 
being ext nd d do' nward on th e dip of the eral 
contact , and the xploration down the dip then joined 
that proceeding upward from the fau lt. 

Perhap the mo ucce ful xamplc of d clopmrnt 
down the dip of fault is that of the M K eon h aft , in 

outh Iron Hill. A lnrg . hoot of ore min d at Lhe 
old Iron incline wa follow d we tward to it outcrop. 
The lower portion of the outcropping or body ben t 
downwar d along he Iron fault. A large amount. of 
dragg d-in ore wa found in the fault, and an inclined 
shaft wa carried clown in the footwall toward t.hc w t. 
Ore wru th n eli cover cl on ucce ive lower b nch 
between the main Iron fault and a . ri e of maHer 
parallel fault on th 'firs contact" until th low t 
le cl was r eached, and th nee it ontinu d ''e' t on th e 

atellite workings. ( co section E - E' , pL 24.) 
The historically most in ter t ing of the exnmple of 

development of this kind i that which led to the di -
overy of the D owntown district, where orcs hP.vc been 

mined directly beneath the city of Leadvill . The 
fir t development in thi neigh borhoocl wa on tho out
cr op of the 11fir :st con tact" on th we t side of Carbon
ate Hill, wher e the cont.act dips gen tly ea tward from 
the Car·bonate faul t zone beneath th White porphyry 
cap that extend ea tward to Lhe Iron faul t . Access was 
fir t gained to the or bodie by mean of incline on 
the contact, of which the more xt n ·ive were th 
Combination, Carbonate, Yankee Doodle, and Cr cen t. 
E a tward progre on the "fir t contact" wa then 
gained by a row of vertical shafts east of the inclines. 
The next tep in the development wa the inking of 
ver tical h aft at or near tho mouths of the inclines, 
tiD ea t of the Carbonatc-P ender y fault zone. In 

the e hafts a " e ond con tact" beneath a sheet of 
Gray porphyry wa di CO\ercd in the Blue limestone. 
This con tact in tlll'D was followed ea tward. For that 
plU'po e in lines were driven along it from t.he bottom 
of vertical hafts, notably tho e of the Lower H en
riett and W aterloo mines. The" ccond contact" was 
also opened up in t he Lower E vcnin o- tar, Forsaken, 
Halfway, and Harker mines. 

A third eries of ore bod ic was in like manner di -
covered b elow the Parting quartzite in the White 

· lime tone, and ub equen tJy ore wa e>en found below 

that member in the Low '1' or am brian quartzite its If 
11 of thi d vel pm nt wa on th upthro, n id:oi 

th arbonat -Pendcry faul t gr up. 
nc>~· tage in the exploration was then ini tial d 

by th inking of haft within and on the w t :r 
downthrown ide of th Carbonate-P ndcry fnult 
group. orne of th , uch as tho M y r and Yank 
Doodl , were loca.ted L fnr ca t and cncountere~ 
the faul t on i t dip a h rt eli tanc blow ~~ 
lU'facc. They wcr thcr f r ompclled to folio~ 

tho fau l t downward in inclin from th ir h ltollls : 
s ar h of the downthrown p art of th o "fil'st ontact." 
Other haf ts wer mor fortunately locaL d at greater 
di tance from th fault and continu d down until the 
"fir t c n tact" ' u reach d. It wa oon di co1ercd 
that in, tend f a ingl fault Lh r w re a ric of 
parall el and in ter c ting fault whi ch c n titute the 
P ndcry grou p . E ach I' tho faul ts Lhr w the con
tact a t p far ther n th w t, and b Lw en them a 
eri e of or e-b arino- b n h wer e found. The occur

r ence f or on th b n he d moo trat d that ore 
could be r a onably lo k d for b neath tho ity, nnd 
d eper haft w r unk at ucc · iv•ly grcnter d~. 
tn ncc w tward until they ncroa heel upon the limit 
of the i Ly i lf. mong th larg r haft were 
the P m e, Bon ir, Lnzy Bill, W ldon No. 2, tar, 
P ocahon t'fi . oronado, and apitol. With their uc
ce ful completion arne Lh mining in the Downtown 
district, b neath the ity of Lca.dvillc. Wi th the 
l o-al problems involved in the right to mino beneath 
the city and tho onflicti no- laim on crnin()' urface 
and mining right , the r moval of wa t rock, etc., 
thi report is not ·oncerncd , but tho c problem have 
·on titutcd non gl igible fa tor in th '" t 11·anl mim· 
Lion of exploratory work. 

What may b alled a third ag in th de~elOjT 

ment of the L ad vill di trict a stage that became p · 
sible only aft r g ologi condition had b en fully 
demon ira ted, wa that involved in the drivin()' of long 
tunnel to accompli h the threefold purpo e of draina17r, 
exploration, and development . Only on of the eproj· 
ects has so far been carri ed to a ucce ful completion, 
although undry hort a.dit tunnels of a purely explor· 
atory character, or for the purpo e of opening a par· 
t icular deposit, have be n driven. The Yak tunnel, 
one of the mos t ucces ful ven ture in the Leacl'rille 
di trict, wa tarted by • . . Blow and at fir t wo 
known a the Blow tunnel. The plan was the direct 
re ult of knowledge of geologic conditions. By reason 
of the series of north-south faults by which eastward· 
dipping sedimentary rock are uccessively tepped 
upward oward the ea t, thi adit tunnel ''a in· 
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ded to penetrate the several ore-bearino- contact 
ten · h b d d. t once but many tJm , t e num er ep n mg upon 
~enurobcr of fa~lts iut Pocted. From it . porLal in 
the overlying Whi te porphyry on the we t ~Ide o.f the 
[ron fault it eros ed tho fault and ucce 1vely mter
'ected the Lower qw1rtzite, White lime tone Parting 
·unrtzite Blue lime ton , and White porphyry, thu 
~ploriog each cont.ac t ucce ively and repeating the 
proces after the next fault had be n cro ed. Drain
sue wa at the arne time furnished to greater depth 
than had ·et be n attempted in any other mine. It i 
doubtful if the original plan for this tunnel anticipated 
the complex condition introduced by the Br ece. Hill 
roa of porphyry, but it penetration of thi rna ha 
auain enabled it, by ros ing the W ton fault, to 
e.~plore the succ ive forma ion of the Ibex region 
and those in the vicinity of th Re urrection haft by 
cro iog them at an ano-le to the dip. The g 'ologic 
information thus furni hed ha been invaluable, not 
onlyfor cientific tudy but for a cle rer understandina 
of the po sibiliti of the di trict. 

The manner in which th Yak tunnel ha pro pected 
he Leadville reg ion may b e und 1 tood more ·clearly 

by con ulting the pecial Yak tuunel ction of Plate 
15. Had the tunnel be n much lower the ore bodie 
developed, which have ·unfortunately been mainly 
below the tunn l level, might have been more easily 
operated and drained · but a much longer adit would 
then have been nee ary, and throughout the greater 
part of its length the tunnel would have cut only Lower 
quartzite and granite, which would hav made it va tly 
I · ati factory as an exploratory project. 

The y tern adopt d by the manager has been to 
dri re a erie of branche or "lateral " on the tunnel 
lerel. orne of the e branches ha.vo been connocto I 
with the bottoms of th main working hafts or with 
some portion of the workin of neio-hb ring mine · 
othe1 luw b n arri d for purpo f expl ration 
and dcv 1 pm nt into around own d 1 u cd or ot.her
w· c c nlr lied by lh tunn l company. F'r m th c 
latera l' a ri ~ of winz ~ ha b en unk thr ugh 
which or b di htw be n min d. Oth r ore bodi 
abore lhe Lunnell el, ha> b n min l t1U'ough ro.i 
Drainaa arrang men ha b n mad with many of 
the companie b nefited. 

Laterals conn tino- dir tly with th ho , 
Rubie, North Mike, uth ifike, Ibex . 4, Little 
Winnie, Re un Lion o. 1, Fortun , R urr tion 
Xo. 2, and Dolly B ha b n dri> n , and othc1 arc 
proj cted conn ting with 11 er large number of 
~·orki ng on Iron I ill , Brecc Hill, and Little Ell n 
Hill. ln addition i_ working winze hav been unk 
by !h company. The t>r the Whit ap, or l , 
~l ike , Willard , My Doy and Diamond. 

Another long d.reinao-c tunnel wa at one tim pro
jected but n vor carried to complcti u. Thi tunnel 
wa to have tarted with it portal at ~1 alta at an alti
tude of 9,569 f t (old . . G oloaica.l urvcy datum ). 
Without making llowanc for grad this would ha>e 
made the tunnel level 764 f et b low the Yak and 9.J6 
feet below the collar of the aid-Combinati n haft, 
with which it wa originally d r!"iancd to conn ct. The 

timated length wa 21,000 fe t to the l aid haft. For 
the Downtown di tri t and Fryer Hill and th rcaion 
to the ea t u h a tunnel would hav been atisfil. tory 
a it would have been well up within th cdimcntary 
formation . B eyond the P endrry fault it would han 
pa eel through grnnite, and though p rhap ,-aluabl 
and atisfactory for drainag and the opcrn tion of 
known bodi "of ore, a a mean of e.·pl nttio11 it ,\·oulcl 
have furni h ed little information of nduc. \fork wa 
started on his tunnel in 1 92 by the in kino- of a eric 
of hafts at it•L •rvaJ along the propo ' E'U cociJ , and 
the project ha often been r evi\·e l in the nc"· pap r , 
but no further work has been d ne. 

Tlt Canterbury Hill tunnrl b auo in 19_2 , is men
tioned o::: ·page 325. 

DEPTH OF :\liNE WORK!. .G 

The depth of the Leadville mine i definitely lim
ited by geologic condition . Practically all the work
able ore depo it are confined to th comparatively 
thin coverinO' of cdimcntary rocks and th i1· inclu led 
porphyrie that o>erlie the ba a.l granite. haft and 
other undcraround workings ar therefor likewi c con-
fined to thi eri except where true ural condition 
have made a pa " ·age tlu·ough araoite de u·able to ap
proach a fault d or otherwi e d pre ' ed ore body. In 
a few place fis tu' veins xtond downward in o the 
gr mit , and haft ha,~e b n unk into thi formation 
to exploit them but o far the :ricld of the lode ha\e 
b n disappointitw and will probably never ju tify 
xpl ration to any on idorabl d pth into the granite. 

For lhc ' e r a~ons mo t of th L adYille haft are r 1-
ati,~ 1' halJo,,~ , anti by far the areater numb r of them 
ar le ' th1m 1,0 0 feet d ep. The hallowe t working 
hafts ar g nerally n ar the utcrop of one of the 

·'conlac . ' Th d epe tare tho e intended to reach 
down-fau.ltcd amcnt of ore bodie . 

The edimentary rocks which contain the or -bear
ina contnct · range from the ba e of the V\eber (~) 
formation down to the pre-Cambrian gran ite and have 
11n avcracr aggrrgate thi kn of 560 feet. By omit
ling th Lower or ambrian quartzite, which only here 
and there arrie ore min rals in commercial quantity 
( oe p. I , ) , thi · thickn i reduced to 400 feet . The 
thickn · of material that mu t b p netrat d by the 
cl cp 'L i · YCII'Y much incr a cd by o,·erl ·ing 
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and includ d bodie of porphyry of varying but in pla by ina curate id~~tificnti n. of th drill ~ore' . The 
great aggregate thickne s and by a variable amou.n t purpo e of the dnllmg has of COUI' ·o be n e1Lht'r to fi d 
of glacial debri . In the northea tern part of the d1 - or or to d tcr~ine ~h shape ~n~ siz of ore bodi:. 
trict the augr uat thickncs; i further incr ased b) a Wher ore has een mterscct Y the drill it i 1' o o il .I d o 
co r of ' Weber haics" and "Weber ~it , "which in cout o a Y recoumzo ' an an a say give lefin·· 

~ · · l Wl · h he the far n01'thea t corner attain a depth of 1,200 foot. informatwn as to lis vn u · wr 1L a not been 
The maximum po ible depth of mining for th in ter c t d the natur and po ition of the rock cutbo 

blanket ore may be determined with con id rabl the drill ar .. th only guides to the pr bable occurrenc~ 
accuracy for ea. h block of faulted ground from tho g b- of rc bodie , and th Y no d to b d t rmincd with 
logic ctions on Plate 14-17, 20, 21, 23-26, and 2 . ~rea car nod accuracy. Withi? th limit ofacore, 
From the esection it appear that without exploration l1m tone hale, P rphyry, gro.mte, and quartzite are 
of the southea tern part of the di trict, where the for- often exec dingl difficult to di tinguish corrcctlv. 
matwn are very deeply buried beneath porphyry of Thi i particularly true of the di tin tion bctwe~n 
Ball Mountain and where xploration has not yet be n hal and porphyr · r th drill ore alway 
carried to any con iderable depth, mining can never b examined by om on ' ith geol gicexperien accuraie 
extend d much deeper than 2,000 feet. It i po ible d t rmiuation uld be illltde. Many difficulties 
that vein may be discovered that will make it em could thu b av rt cl, nnd g olouic information that 
de irable to cmTy exploration d eper into th under · would be invaluabl for th dov lopment of the 
lying granite, but a mo t vein in the quartzite have property ould b · obtain d. 'l'hi hn rarely been 
o far proved di appoin ting it is not believed that lcep done. Th d termination of the formations cut has 

working will ever constitute an important pha e of until recent years been iotru Led to utter!· un killed 
mining in the Leadville di trict. The one po ible ex- men, and innumerabl drill re ords have thu been 
ception may be in Bali !fountain, where the geologic render d worthl.e Oft n int rpr tation of two 

ructure is yet unknown and where ore-bearing con- drill hole lo ated a few f t apart ha>e hown im-
tn.cts may be more than 2, 000 feet deep. po ible difference in the character and thickne of 

the rock ncounter d. oine record of drill holes in 
the Iron Hill area at first app ared incompatible with 
the geology until the exi tence of the Tu on-Maid 
re rsefaultwa prov d. Failuretodotectthepre ence 
of thi fault from the vidence in the record reflect 
more on tho e who were inter t ding ologic tructure 
than on those who interpreted the drill core ; but in 
some other place faulty or que tionable drill records 
hav render d the interpretation of geologic tructure 

PROSPECTL G AND DIAMO 1 D DRILLIN G 

Prospecting in the Leadville district for unopened 
ore bodies is carried on by hafts and tunnel and by 
diamond drilling. Wh n the po ition and character 
of a contact are known vertical hafts may be sunk to 
this contact and drifts driven along it for exploration. 
The fact that the rocks and the included ore bodie 
lie in positions inclined at relatively low angles to the 
horizontal makes the risk of sinking vertical shaf 
for exploration relatively small. In those portions of , 
the area where ore bodies are clo ely s paced the inkinu 
of shaft without knowledge of the exi tence of ore 
bodie below is a common proced ure, inasmuch a a 
certain amount of ore is alway to be found at one or 
more of the conta.c Much of thi exploratory shaf 
sinking ha been ucce ful. orne has resulted in 
failure, but this ha generally been in r latively little 
known territory. 

uncertain. 
Mo t of the drilling has b en done Jrom undcruround 

When. the v-ertical haft has been sunk through the 
overlying porphyry to the ore-bearing horizon drift 
are u ually driven along the contact so as to .ma.intain 
grade. uch drifts rarely follow any givP.n direction. 
The ore bodie are o irregular in horizout.fl,l extent 
that one direction i usually a good a another. 

A gr0at deul of money has been spent at Leadville 
in diamond drilling, and much of it ha been wa ted 

working . A few cliam n l-drill hol have been put 
down from the surface in relatively little explored 
portion of the district . uch ar the Edith, J1y 
Day, purr, IJaddin, and Anchorego drill hole ; but 
the e are exceptional. It · ommon pro edw·e to sink 
diamond-drill hole from the bottoms of sho.ft after 
the shafts hav been an·ied to varying di ances from 
the urfa e. I t i difficult to ' jus tify thi procedure, 
a.s the added expen e of sinking the haft before the 
diamond-drill hole was begun resulted in no additional 
information. Pre umably, however, he practice is · 
chiefly the result of eli courauement. A haft i unk 

1 in a certain locality with the idea of reaching the con· 
tact or ore-bearing lime tone parting at some up
po edly limiting depth. After the haft ha been 
!riven to this depth and is still in porphyry, either the 
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finances of the com puny become too _1 nder to per~it 

1 
ther inking of the halt r the mmCI" b come dis

u:raucd. Having air ady spent considerable money, 
~~e c;ropany feels that a drill hole will give the nee-

or)" information as to lower rocks at the least cost. 
omo dinm nd-drill hole are put down from the bot

tom of shafts that arc producing ore at high r horizons, 
but theso a.re to be r egarded as simply part of a y -
tcmatic policy of drilling carried on cl ewhcrc in the 
mine of the company. 

The drilling from underground working has been 
of great pro pectiY value. Th relatively great hori
zontal extension of the ore bodic and the low angle 
at which they lie make vertical hole a v ry sa ti factory 
method of proc dure, and many or bodic have been 
di co\ercd in this manner. In addition , geologic in
formation as to the position of the con tact , in trusi'e 
porphyry bodies, faults, and other tructural featmes 
is of much alue in planning the method by which 
ore bodie may be most profitably approached and 
pxploitcd . 

Uniform pacing of drill hole. is not nee ary. 
Exploratory diamond-drill holes in the Yak tunnel, for 
instance, are not located at r -gular intervals but arc 
dcivcn in tho e portions of mine where geologic c
tiou app ar to indicate that rna ses of ore may be 
di covered. In many places geologic ctions indicate 
that diamond-drill holes would be of relatively littl 
•aluc, a formations in which there is no po ibility of 
the ex i tence of ore are known to be pres nt both 
above and below the drift or stope. Irregular pacing 
~ al o due to he som what irregular na tme of th 
workinQ'S. Although the location of diamond-drill 
hoi appears to be governed in part by the actual 
geologi indications, it i pe1·hap mo tly controll d 
by the cone ption of the meaning of such indica ion 
that i held by the uperintendent or foreman wno is 
cnrryina on the ~ rk, and the r a on f r hi concep
tion are not alway a ily per ptibl . 

Whcr or b di are abundant, in th Iron-
' ihw pr p rti and th R. . M .-Wolf tone gr up 
of mine , dl·ill holes may b clo tog th r. In uch 
pluc the ar put down aft r the or ha b n di -
cover d, io d t rmin the iz , hap , and value of 
the rna . Man hol ar dri en vcrti ally upward 
R?d do' nward from th am poin . Horizontal hol 
are rarely if cv r used. Rarely inclin d hol ar driven , 
when it i d ir d to mak a hole at right angles to 
the dip of th e<lim ntary formation . 

An examination of Plat 45 sho> s that the or 
hoots at th different horiz n ar not regularly uper
p ed. Ore bodies operated from above the1·efor 

furni h no nece ary clue o the po ition of those 
tha may b expected below. 

CAPITALIZATION AND DIVIDEND 

Only scattered record on the capitalization of the 
L eadville min are aYailable and no analri of finan
cial conditions i therefore po. iblc. Th table below, 
however, pr ent an in ter e ting summary of tati tics 
for the early year of the eli tri t' hi tory. They have 
been compiled from the r port of the Director of the 
Mint for 1 4, and from the Engineering and Mining 
Journal for 1 5-1 92, with orne additional informa
tion furni. hed by the writer. 

Capitalization of 37 prominent Leadville mines in 1 4 

.'arne Loca tion Capitaliuniuo• 

Adams Mining Co _______ _ 
Aetna ( 1eyer Mining Co.)_ 
American Mining & ::lruelt-

Carbonate HilL __ $1, 500, 000 
Carbonate HilL__ 220, 000 
Little Ellen HilL__ 3, 500,000 

ing Co. 
Arnie Consolidated Mining 

o. 
Argentine _______________ _ 
Aga siz onsolidated Min-

ing o. 
Allegheny o ___ ___ _____ _ _ 
Argent Mining Co _______ _ 
Breece Mining Co--------
Carbonate Hill Mining Co_ 
Catalpa Mining Co ______ _ 
Chry olite ilver Mining Co_ 

limax Mining Co-------
Cre cent Mining Co------
Denver City Consolidated 

Mining Co. 
Dunkin Mining Co------
Emmet Mining Co-------
Evening tar Mining Co __ 
Forepaugh (Enterprise Min-

ing & Pro pecting Co.). 
Iroquois _____________ ____ _ 
Iron- ilver Mining Co ____ _ 
Iron Hill Consolidated ____ _ 
Iowa Gulch Mining Co ___ _ 
Highland Chief Consoli-

dated Mining Co. 
Lee Ba in Mining Co _____ _ 
L adville onsolidated 1in-

Fryer Hill_ ______ _ 

Iron HilL __ ____ _ _ 
Carbonate Hill __ _ 

Yankee HilL ____ _ 
Rock HilL ______ _ 
Breece HilL _____ _ 
Carbonate HilL __ 
Carbonate HilL __ 
Fryer H!lL _____ -- , 
Fryer Htll ________ , 
Carbonate HilL __ 
Yankee HilL ____ _ ! 

Fryer HilL ______ _ 
Rock Hill------"
Carbonate Hill __ -1 
Fryer HilL ______ _ 

Carbonate Hill ___ 1 

Iron Hill ________ _ 
Iron HilL _______ _ 
Yankee HilL _____ , 
Breece RilL _____ _ 

Yankee HilL ____ _ 
Carbona to Hill __ _ 

5, 000, 000 

2, 500, 000 
2, 500, 000 

00,000 
5,000, 000 
5, 000,000 
2, 000,000 
3, 000,000 

10,000,000 
2,000, 000 
3,000,000 
5,000,000 

5,000,000 
5,000, 000 

500, 000 
00, 000 

5,000,000 
10,000,000 

2, 500,000 
6, 000,000 
2, 500,000 

5,000, 000 
4, 000, 000 

ing o. 
LittJc Pitt.sburgh Con oli- Fryer HilL __ __ ___ 20,000,000 

dated Mining Co. 
Little hief 1ining Co ___ _ 
La Plata lining & melt

ing o. 

Fryer HilL _______ 10, 000, 000 
California Gulch__ 2, 000,000 

1,000,000 Morning tar on olidated Carbonate Hill_- -1 
Mining o. 

Mike & Starr Gold & ilver Breece HilL_____ _ 1, 000,000 
Mining o. I w Pitt burgh _____ ______ Yankee and Fryer 20,000,000 

I 
hill 

Robert E. Lee ilver Min- Fry r HilL _______ 10,000,000 
ingCo. I 

i!ver Cord ombination Iron HilL_______ _ 4, 4 0, 000 
1ining o. . . . 

1 mall Hope Mtmng Co ____ Yankee HtlL__ ___ 5, 000,000 
ll?ugglerConsolidated Min- Iron HilL ________ , 600,000 
mg o. 

Terrible Mining Co------ ·_ Iron RilL _______ _ 125, 000 
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Dividends paid by certain Leadville mines 

:'-line J -'l'otal O!lrlier I 
than l 4 

- - -1 :---:' --

l 6 l 7 l 9 l GO 1 91 I 
, ___ 

Adam $ 2 ooo' 211 000$24.0 ooo $15, ooo ________ , ________ -------- $75, ooo $10, ooo 639,
000 Bangkok.-:.c"o;.~--B~ii= ----29; 516 ----'---- ' - - -- ~-- - -- --~ - - - -- ---------------------- $lS, 000 -------- -------- 44,510 

Carbonate HilL ____ 60,000 10, 000 ________ --------------------------------1------ ---- -------------- 70,000 
a talpa _ _ _ _ _ _ _ _ _ _ _ 240, 000 30, 000 -- - ----- -------- --- - ---- --- - ---- ---- ---- -------- ------ - - ---- ----1 270, 000 

Chrysolite 1 600 0001 50 000 - - --- -------- -------- -------- ------ -- ------ -- -------- 1, 650, 000 
Dunkin- -========= '210; 000 10; 000 ======== ===----- 30, 000 100, 0001 40, 000 ----- - ---------- --- - ---- 390,000 

!r~;fig~~~~~ = = = = = == i: 1~~: ~~~~~ i66 .= 6661= === = = = = ~ = ~66:666- 3~~:- ~~~~ - ~~[8~~ - ~~g: ~~~ = = = = = = = = = = ~== = = =,== = = ~== = ~ : ~~~: ~ 
Led~~~~~ Consoli- 216,000 20,000

1 
20,000,

1 

40,000

1 

20, 000 -------- 1 ------- ~ -- :~- 0- ~~ ----- - -- ,-------- 316,000 

Little Chief._ ______ 740, ooo 40, ooo' ____ ____ -------- -------- 20,0001-------- ~ , -------- -- - ----- 20,000 
Little Sliver_ __ ____ _ 200, 000- ---------------1-------- -------- ----------------1----------------------- - 200,000 Maidof"Erin _______ 2 , 25 ___ _____ _____ ___ ________ -------------- ·----------

1
-------- , 419, 175 ________ 708,000 

Mary Murphy_____ 17, 500 ___ _____________ -- --- -- .I 70, 000 7, 500 -------- -------- ----- --- --------1 175,000 

~~r~~cf)- :~~==== == --- ~~~·- ~~~ -- ~~~ ~~~ -- ~~~ ~~~~ - :~~~ ~~l-~~·- ~~~ -- ~~~ ~~~ -- ~~·- ~~~ = = = = = = = = ~~: ~g~ 1~0: ~~~ 1, o~~: m 
ilent Friend _______ ---------- ___ ____ _ ---------------------- --- ----- -- --------1----- --- 600,000 -------- 600,000 
il ver Cord ___ _____ 225, 000 ________ --- - --- -,---- ---- ---- -- -- ------- - 45, 000 ----- --- ----- --- ---- ---- \ 265, 000 Small Hot es_____ __ 937, 500 00,000 ________ 775,000 600,000 -------- 25,0001 25,000 --------1 62,500, 3, 225,000 

;~~~e- = = = == ==== === == = = == === = = = = = = = = l= = = = = = = = == === == == == = = == = ===== = = -- =~·- ~~~, == == === = ---5," ooo,= = = = = = = =t 

2~:: 
The 37 mine listed in the first table how an aggre

gate capitalization of . 160,705,000, or an average of 
4,1 6,250, which i high. That the mines of th di -

trict a a whole werefarfrom returning the total amount 
of nominn,l capital b 1 4 appears at once by compari
son of the total capitalizn,tion of these 37 mines, only a 
li ttle over half of the productive mines of that year, 
with the total value of the metallic production to the 
nd of 1 4, which is · , 35,425. If allowancei made 

for expen e it is obvious that had all the stock been 
sold the mines might be regard d a very much over
capitalized. Even at the nd of 1 92, only 2 of the 12 
mines for which both capitaliza tion and dividend are 
recorded had returned livid nels in exces of the 
nominal capitalization. The e were the Evenina tnr 
and Morning tar. How far oYercapitalization was 
real depends of course on the amount of capital tock 
actually old a compared with that held in th trea -
w·y and on the price at which it wa sold. It i prob
able that for orne mine the larger proportion of the 

ock had been actually sold either at or above par. 
TheLittle Pittsbmgh is perhap an example. With a 
uapitalization of $2 ,000,000 thi mine wa profitable 
during its fir t year, 1 79 , and paid dividend to it 

tockholdcr amounting to 100,000 a monLh, bu tin 
1 0 the mnrket price of the stock fell off enormou Jy, 
largely on account of the inability of th company to 
pay intere t on o heavy a capitalization niter the 
fi t ri h bonanza had been exhausted and on account 
of the con entration of all energie on production to 
the exclu ion of dev lopm nt. For many of th () mines 
but little o£ th tock has been sold in the open 
market, and a the mines were acquired by locution 
an l not by purcha e, they have b n xceedingly 
profitable. The apitalization of such mine i purely 
nominal and ha no nece ar) relation to the amount 
of money inve ted. 

otable among the mine for whi h both capitali
zation and total dividend ar known is tha t of the 
Iron il er Mining o. Thi company \ a. organized 
in 1 80 with a capital s t,o k of $10,000,000 in shares of 

20 par. In 32 yem , or to the nd of 1912, the com
pany had paid 4,650,000 in dividend . It i improb
able that the initial inv tm nt in thi property w 
larae, although there is no means whatev r of a cer
tainiog what it wa , a.nd it i presumable that the 
mine ha heen a very profitable venture. 



U. " ' !ii!!OLOlilCAL " U H\' g y 

w. ORPHYRY 

I RON 

w. 
J!fON !tAT 

IRON 

C.fi'E S C£ '/T 
w. 

sw. 

E 

w. 

CARBONAT£ 

+ 
+ 

t 

ECTIO 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0 

PROFESSIONAL PAPER 148 PLATE 43 
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CHAPTER 8. CLA IFIC TIO AI D MI ERALOGY 

The distribution and general forms of the ore bodic.« 
that have been min d within the L~adville dis~rict are 
shown on Plate 45. few ore bodws of consrderable 
: zohave been mined to the east and south of this area, 
particu larly near the head of Iowa Gulch and w~ere 
the gulch is cro ed by the We ton fault , but too lJLtle 
·. known of their outline for them to be adequately 

rrprcsen ted . 
The ore bodic may be cla ified according to form 

into (1) veins or lodes, (2) todw orks clo ely related 
to rein ,(3) replacement depo i ts or· blankets," and 
~) placers. 'l' he fi r t two cla e::; occur principally in 

;iliceou rocks, and the third in carbonate rocks, 
though there are exception to both rule . The pla
CCI'S are now of historical interest only and are not 
further con ider d excep t incid n tally in the di cus
ion of the occurrence of gold. Clas ifi caLion may al. o 

be ba cd primarily upon the genetic relat.ions of th e 
or and their constituent mineral and secondarily 
upon the metals and gangue present. A combination 
of these cla sifications i n c sary for an adequate 
understand ing of the ores and i dependent upon a 
knowledge of the ore a nd gano-ue minerals. 

Ml ERALS IN THE LEADVILLE DISTRICT 

An alphabetic li t of the ore and gangue minerals 
oc~u rring in the L ead ville di trict i g iven below. 

Minerals in the L eadville dislTict 

Kame 

lurichnlcite 
.Uurite -- - --- - ---
Birite. · -- ----- - -----
~tile- ------- - ----

B.muth-i~iti -- -- -- --
B !l!lulite _ _ -- - - - - -- -

Cbcmirs l rormul 

P>ge on 
whic-h 

dctniled 
dcscrip· 

tion 
is lo he 
rouut.t-

176 
164 
176 

17.5 
167 
171 
151 

157 
166 
176 

169 
170 
166 
167 
15 
175 
164 
167 

Minerals in the Leadville district-Continued 

Xnme 

eru ite -------------
Chalcanthiie ________ _ 
Chalcedony _________ _ 
Chalcocite ------ - ----
Chalc phan ite _______ _ 
Chalcopyrite ________ _ 
"Chi ncgc talc" ( ee 

Kanl in) . 
Chlorite _____________ _ 

Chry ·ocolla ___ ______ _ 
Clay ________ ___ _____ _ 

Clay (z inciferous) ____ _ 

opper (nat i ,·c) ___ ___ _ 
D chcniic ___________ _ 
De cloizite --- - ------
Diop ide--------- --- _ D olomite _____ _______ _ 
Embol ite __ _____ _____ _ 
Epidote _________ ___ _ _ 
Ferric sulphate (ha ic) 

near utah ite. 
Freibergite ____ _____ _ _ 
Galena ___ ____ ___ ___ _ 
Gold (native) ________ _ 
Goeth ite ____________ _ 
Go. la rite ----- --- ---
"Gray copper" (tet-

rabedri te). 
Hedenbergi te ________ _ 
H etaeroli te (wolfton

ite) . 
Hem atite ___________ _ 
Hornblende--- -------

Hydrozincite ___ ____ _ _ 
Hypcr·thene -- ------
Iodyrite --- ----- ---- -
.Taro ite _____________ . 
Kaolin ____________ __ _ 
Kaolin (zinciferou.') __ _ 

Kobellite _________ __ _ 

I L::warkite (bh11uth if-
rous). 

Lillianite --· _____ __ _ 
Le ,·erri rite _________ _ 
Limonite ____________ _ 
~V!agnetiic ____ -- __ ---
Malach ite -----------
1\Ian a no iderite _____ _ 
1armaiite (z in c- ir n 

blonde) . 
I a icot (litharge) __ _ 

l\1 lanterite - ---- -- ---
1\iicrocl ine - - - -------
Minium __ ·----- - - ---
Mu covite_ ---------
N icbol oniie (zincifer-

ous aragonite). 

I Page on 
which 

I detailed 
Chemical rormula descrip-

- --- --

tion 

I 
is to be 
found 

PbC03 ---- _ ___ _ _ ___ ___ _ ___ _ 163 
Cu 0 , .5Hz0___ ____ ___ ______ 166 

i02----------------------- 172 
C Uz -- --------------- - - _- _ 166 
(Mn,Z1 )0.2J\In02.2Hz0 ____ __ 159 

uFc '2 ------- ------ ---- - -- 165 
(A12 iz07.2H20) - -- --------- - 174 

Hydrou ilicate of iron, mag-
nc. ia, aluminum. ' 

Cu i03.2Hz0 ______ ----- ---- 166 
:\Iixturc of kaolin, alunite, 1 174 

and .ericitc (wh ich ee) . 
Kaolin in which orne alum i- 16 

num i replaced by zinc. 
u --------- - ------ - --- - - - - 16() 

PbO .\'zOs - -- -- - -- ---------- 164 
4(PbZn O.Vz05.H20 -- -- _ --- 16-! 
Ca 1g( i03)2 ------- - ----- - - 173 
Cai\l g(C03)z - ------------- - 175 
_ g (Cl,Br)_ _____ ___ _________ 167 
H z0.4 a0 .:3 ( \.J ,Fe)20 .1.6 ' iOz. _ 167 
Fe~o .. . 0:~ . 2H2 ------------- 155 

-!(Cuz ,Agz ) .3 b2 --- - -- -- -- 166 
Pb ' ------- ------ ----- - -- -- 162 
Au --------- --------- --- --- 16 
Fcz03 .~Hz0 ______ _ --- ------- 155 
Zn 0 4.7Hz -- -------- ------ 162 

u bz 7 or -:1 liz· . bz,'J--- --- 166 

CaFe( i03)z ---------------- 173 
2Zn0.2Mnz03 .Hz0___________ 15 

Fe20a ---------- - ----------- 150 
a(Mg,Fe)z( i03)2 with some 

( 1Ig1Fc) (AI
1
Fe) 2 iO,. anci 

• a2r\ lz( 'i0;1;,. 
3Zn0 . o~.2Hz0. __________ __ 1.57 
(1\lg,Fe) i0

3 
______ _ _______ .. _ 

Agl --------------------- ·- 167 
K z0.3Fez0 3 .-l • 1.6Hz0_ ______ 155 
2H z0.Al20 3.2, i z------------ 174 
I'aolin in \\·hi ch "> me alumi- 160 

num is rcpJaccd by zinc. 
Ph2(Bi,.'bh .\ or 2Pb:-:i.BiCI )z 169 

~3 · 
(Pb,Bi) 'O ,.PbQ ___________ __ 171 

~Pb ' .Uiz.\ -------- -------- - 169 
Il z0 .. \. lz0 ., .i:'li02------------- - 174 
2l'e20;, .Jll z0 ____ ___ _________ 155 
F .• 0. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 150 

u , .. -\ u (OH h ------------ 166 
(F ,i\1n, :\lg)C0 3 ------------ 151 
(ZnJF )S ______ ------------ 156 

Pb ---- - --------------- 16:3 
Fe '0,.1 H20 --------· _ ----- 155 
KAl iJO, ________ ----- -- 24 
P b,O, ----- ------·--------- - 163 

l li2.AI
1

( 'i0, )3 
-------------,' 172 (Ca, Zn)C0.1 ------ ------- --- 175 

H5 
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Mineral in the Leadville di trict- ontinued 

Name 

Orthocla e --- - ------
Opal - -- - _- _- --- -----
Paragoni Le _______ __ - _ 
Plagiocla e __________ _ 
Plumbojarosile ------
p ilomelane ------- - -
P y rite --------- -- - -- -
P yrolusite __ ___ -- - - -- -

Chemi al formula 

Pag ou 
whl h 

detailed 
descrip-

tion 
is to bo 
found 

172 
172 

b<' n d po ited throu h 
gren rnncreof t mp ratur rwhich _onta in m rctha: 
on ,~nluablc m tal ar r pr ntcclm more th11n on 
plac . Mangano id ri t i li t d und r both ore 80~ 
gangue a the xidiz; d mango.n r hn been mainly 
d ri\ccl from i t, hu t it i th prin ipal gn.ncruc miner~! 
ac ompanying much of th ulphid or . 

Pyromorphite- -------Quartz __ ____________ _ 

Rhodochro ite - ------
Rhodonite ---- - -----
Rutile_--- -- -- ------ -

]()5 
156 
150 
156 
164 
171 
176 
173 

A oriainalJy form d , the ore d po it and thcnltered 
Wtlll rock- b whi h the r or indo ed ont11inecl onl~ 
primary or hypog nc min nt1 . . \ ero ion proceeded 
th y w r brought nearer and nearer to th urface 
unti1 th y came within r n h of downward circulntina 
waters . Difl'cr n L min ro.1s m· ail' ·ted to different 

I d gr c byLhc ·c wn.t r ' . , 'ome, lik quartznndbarite, 

I arc only sliahtl • n.Ltack d , but m t of tho mincrab 
ar d compo d with comparativ rapidity , nnd their 
con titu nL a r ilh 1' con ,·ert d at one into oxidized 

ch_ai?bachite -- ----- ··
cnclte -------------
crpcntine -------- -- -iderite _______ ___ ___ -
ilver (nativ ) -------
mithsonite ---------
phalerite_------ -----
ulphur_ ___ __ ________ -------- - -----------------

"Talc (Chine e)." ( ee 
K aolin.) 

Tetrahedrite ("gray 
copper"). 

-------------- --- ---- ----

Titanite ----------- -
Topaz - -------------- (Al,F)2 iO. ---- ------------ -
Turgite ___ _ __ _ _ _ _ __ __ 2F 20~.H20------- ----------
Vanadinite _______ _ ---I (PbCl) Pb. V30,z- -- --- -- -----
Vivianite __________ ___ Fe3P zO . H2 --. - - - - --~- - ----
Wad -- - ---- ---- - -- -- Mixtures of o:o?es, clueny of 

mangane e, w1th water. 
Wolftonite. ( ee Het- ---- - --- ---- -------- -- ----

aerolite.) 
V olla tonite ---------
Wulfenite - ------- - __ _ 
W urtzi te (?) _-- _---- - -
Zircon-·---------- ---

Ca i 3------- ---- -------- -
PbMoO. - ------------------
ZG• -------------- - ---- ----
Zr iO , --------- ------------

169 
172 
173 
151 
16 
157 
156 
17 
174 

166 

155 
164 
155 
156 

15 

172 
164 
246 

CLASSIFICATIO OF MINERALS ACCORDING TO 
ORIGIN 

Th mineral - in the foregoing li , consid red genet
ically, fall into two eli tinct aroup of differing mode of 
oriain- mineral of th rocks and minerals of the ore 

clepo it . . 
In th fir t group are included not only tho e nun-

eral" of which the country rocks were originally 
compo -ed before the ore depo it were formed but those 
which have been dev loped from them by the Action 
of urfo.ce wate1 . uch minerals are entir ly inde
pend nt of ore depo ition but may be regarded as 
gangue mineral where unreplaced remnant of country 
rock have been indo cd by ore bodie . Th e minerals 
·are ufficiently con id red in the foregoing de criptions 
of s dimentary nnd igneou rock . 

mineral.', which r main in th O- idizcd zone. or nre 
eli sohed and arricd b low th' Jimi of oxidation, 
wh r th y mny h r d p it d, u unlly a. ulphides, 
in the c ndary ulpbid or ulpho -upcrg nc zone. 
Th mor abundant h ·pog ne minerals ar compara· 
tinlyfcw and m tly of impl h cmi al c mpo ition; 
the upcrg ne min ral includ moTe than 50 . peci -, 
ome of which haver lativ 1y compl x compo ilion. 

The ubdivi ion of Lh hypogene minerals nccordi no 
to t mperaturc i ba don the la ification prop ed 
by Lindaren 1 in 1907 and laborat db W. II. Emmons' 
in 190 from ihc r ull of ub cqu nt experimental 
worl , particularly at th 'arn gie eophy i n!Labors· 
Lory and lo al ft ld ob rvation . ert~\in mincr.alsare 
particular! · ignifi ant. F r xam pi wolla tomte, ac· 
cording to Do Iter, 3 Cr) tallizc b tween the npproxl· 
mate limit of 1,100° and 400° . and a ordmg to 
\11 n n.ncl Whit ,4 it ho.ngc, to a difl' r nt cr)·-· tnl form 
(pse udowolla tonite) at 1,19::1°. .\ t L ndvill wollas· 
tonit ha been found only a a con titnent of meta· 
morphi ·lim tone clo c by r in lo eel in Gray porphyry 
in the Bre ce Hill ar a, where th temp ralurc m t 
ha'e been mu h bigh r than in lime tone away from 
th on tact. Pyrox n , probably diop ide or en tatttl. 
or per hap an olivine, f r tcrit or m nticclli te, nor 
altered to erp ntin ha imilar igoiftcanc ; magnN· 
ite and specularite arc mo t abundant wh re the tern· 
p eratur at the time of d po ition ruu t hare ~n 
high, although they ar a l o found in mall qu~ntny 
where the temperature wo. never high nough to pt>r· 
mit the cry ta1lization of . uch ili ate a woll tomte 

and p roxene. . . 

The second group includ s mineral formed by 
a cending ore-forming olu tion (h pogene mineral ) 
and other minerals d rived from them by the action of 
de cending waters ( uperg n minerals). All the min
erals of thi group ar arranged in the table opposite 
ace rding to the principal metal contained and the 
relative temperatures at which they were depo itcd. A 

The o her hypogene minernl arc much 1 s. dwg~~· 
tic. Mangano ·id rite in mall quantity fills llltcn;tl · 
among maanetite grain lo e to contacts with Guf 

b - d.l 
• Lindgren, Wuld mar, The rotation of ore deposition to physical con 

1 

Econ. Geology, vol. 2, pp. 105-127, 1907. vo!.~li 
• Emmons, w. H., A genetic classiilcation of minerals : Econ. Oeo!ogy, 

611~27, 100 • 
a Doelter, c., Min. pet. Mitt., vol. 25, pp. 89-92, 1906. 9 1~ 
• Allen, E. T., and White, W. P., Am. Jour. Sci., 4th ser. , vol. 21, P· ' 
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Iron 

Limoni!R. 
Turgite. 
Goethite. 
Hematite. 
Jarosite. 
Basic sulphat 
1elanterite. 

Vivianite. 

Marcasit. ? 

Pyrite. 
iderite. 

Arsenopyrite. 

-
Magnetite . 
Pyrite. 
Hematitel(specular-

ite) . 

-----

MnngnnMn -1 7.tno 

t Pyrolusit . 
P ilomelane. 

ad. 
'Iix d. 
arLhy oxid s an d 
hydro.· idr . 

ChRJ..,ophanite . 
H terolitc. 

Mangaoosiderite. 
Rhodochrosite? 

mithsonite. 
Hydrozincite . 
Aurichalcite. 
r icbolsonite . 

alamine. 
halcophanit.e. 

Hctnerolite (wolf-
tonite). 

Zinciferous kaolin . 
Goslarite . 

CerusiL . 
Anglcsit . 
Plumbojarosit.P. 
Pyromorphite . 
Wulfenite. 
Vaoadinite. 
Dechenite. 
Descloizite. 
Minium. 
Massicot (litharge). 

Galena.? 

Sphalerit (marma- Galena. 
tite) . 

0 re m i nerats 

Copper 

Malachitl'. 
Azurite. 

hrysocolla. 
Chalcanthite. 

ative coppf'r. 

Chalcocite. 
Chalcopyrit-e? 
Bornite. 

halcopyrite. 
T .trahedrite? 

Minerals of the ore deposits 

(Brackets Indicate that the mineral Is rare or its occurrence doubtful) 

1

1 

Gangue minerals 

----------~~-------.------------.---------.-------------------~----------~ I ... ~ ilver Gold 

---- ·-------
ative silver. 

Embolite. 
Cerargyri te. 
Bromyrite. 
Iodyrit.e. 

a ti ve golcl. 

Bismnth Arsenic 

Bismuthite. 
Caledonite. 
Bismuthiferous Jan-

arkite. 
Unidentified bismuth 

minerals. 

Tungsten 

Chalcedony. 
Opal. 
Quartz. 

Alumina 

Kaolin. 
Leverrierite. 
Alunite. 
"Ch inese talc." 

I L imo, magnesia, and man
ganese 

Calcite. 
ragoni te. 

Other 

Barite. 
uphur. 

---------1 Native arsenic. 
t--------1- ------1---------'---------J----- -

Native silver. 

Argeolit . 
Fr ibergi te and a r

geotiferous tet.r a
hcdritc . 

Tcnnantite. 
Lillianite. 

' Native gold. 

at.ive gold. 

_________ , ________________ -- --

Bismuthinite. 
Lillianite. 
I obellite. 
" chapbachite." 

Arsenopyrite. 
Tcnnantit.e. 

Scheelite. 
W o!Iramite. 

Quartz. 
Jasperoid. 

ericite (muscovite Calcite. 
and paragouite) . Dolomite. 

Manganosiderite. 
iderite. 

Rhodochrosite? 
[Rhodonite]. 

Chlorite_ 
Epidote. 

Serpentine. 

Barite. 

~---

Quartz . Sericite. 

I 
~-----------·------- --.-----

Mangaoosiderite. 
Diopside. 
Olivine. 
Wollastonite . 

Epidote. 

INarnes proposed by Waldemar Lindgren (A suggestion for the t rmlnology of ~ertaio mineral deposit-s: Ecoo. !)cology, vol. 17, pp. 202-294, 1922). 
91127l-27t. (Faco p. !46.) 
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11)-r)· a rela tion ugge ting depo ition at high tem-
porp ' . . . 

ature ; but It 1 mo t abundant m place well re-
perred from the main center of intrusion, where the 
::peratul'e. must h av:e been lo ~ver. ~yrite al o is 

timately a sociated' 1th magnet1t but 1 mo t abun
~aot away from th main in trusive ce~te~ , ar~d v ins 
conta ining it cut rna e of magnetite, md1 ,atmg that 
although pyrite rnay b gin to cry tallizc at high tem
perature it is f?r the mo t part. forme l a t moderate 
temperatur . rhe clo . a SOClatlOn Of pyn te ~nd 
quartz wi th a h other 1.n the P enn an.d Ibex mme 
and with th tung~ ten mmeral wolfram1te and cheel
itein tho outh Ibex tockwork of Breece Hill uo-ge ts 
rrr tallization at r ather high temperatur . 

and i abundant both a ~ well-cry tallized quartz and 
as den e rna e (jasperoid ) fl. ociated with the py
ritic vein in the Bre ce Hill area and vicinity. It i 
abundant in parts of th r cpla em nt ore bodie in 
lime tone, particularly a jasp roid, and is also as ocia
ted with barite. E en b yond the limits of workable 
depo it , xten ive ledge of jasperoid or " flint " may 
be f und. ( ee fig. 10.) 

erieitc i a c.lo e companion of quartz and is pe
ciallycharactcri ticoftho e>ein orreplacementd p -
it in iliccous rocl which contain mineral sugge tiv 
of rather high to ra.ther l w temporatm . Epidote i 
found in a few place replacin O' carbonate rock and a -
ociat d with di. tinctly high-temperature mineral . It 

i al o found with chlorite and eri cite in altered iii-
eons roc}~ along or n ar ore bod ie , and all three of 

the min ral there repr sen t bvdration of the rock 
through a con~id rable range of temperature. In uch 
rocks quartz and sericite are mo t abundant close to 
vein or to replacem n bodie connected with them, 
and chlori te mingled wi th epidote and calcite (propy
litic ro k) b come. abundant a hort distance away. 
Chalcopyrite and gold are mo t prominent in ore 
bodies in iliceous rocks or in imm diatcly adjacent 
lime ton in Breece Hill and icinity, but in the mixed 
sulphide ore tney cry tallized later on the whol than 
pyrite and much of the zinc blende. Thus their dis
tribution in pace ugg ts d po ition at rather high 
to moderate tempera ure wher a their paragenetic 
relation ugge t moderate to omewhat low tempera-
ture; but reaction with iliceous rock through a con id
erable range of temperature i evid n tly the principal 
controlling factor in their depo i ion. Other minerals 

·Zinc blende and galena, 11,lthough in mall part 
clo ely a ociated with high- temperature mineral , arc 
more abun lan t in vein formed ubsequ ntly to these 
and are by far the mo t abundant in the " blanket" 
bodie replacing lime tone, mo t of which lie far from 
the area containing high-temperature mineral . This 
relation uo-ge ts that reaction of the ore-bearing solu
tion with lime tone may have had more influence than 
degree of temp ra ture on the deposition of blende and 
galena. In the mix d ulphide ores of Leadville, how
ever, the e two mineral , whether they replaced ili
ceou rock or lim tone, cry tallized later than the 
bulk of the pyrite. It appear , ther fore, that where 
depo ition was chiefly controlled by decrease in tem
perature blende and galena were in the main depo ited 
at a omewhat lo\\·er temperature than pyrite although 
there wa a mall amount of overlap in the periods of 
depo ition, and that where saturation wi h wall-rock 1 

m&terial was the principal controlling factor in r ender
ing the ore mineral::; in olubl blende and galena repre
eot a higher d gree of satura tion than pyrite. Al

though blende and galena have commonly been 1 

1 li ted in the a companying table arc pr ent in too 

regarded a cap11bl of depo ition through a wide r anO'e 
of temp raLur , Lh ir paragon >tic r lation in Lhc 
li>advill or cla th m a diagn Li of moderate 
tcmperntur . Wh r bl nde and al na oc ur together 
the galena a a ' h l ha ry talliz d la t r than the 
blcndo. Inl rgr wth f arg nti and bi muthinite 
have be u f und tha A.r e ]at r than gal na, but a 
bismuth i rare xc pt in th oxidized or occurring 
in the vi inity of Bre c Hill , it g n tic r lation are 
ob cure. 

Barite i m abundant in plac ' ll r -moved 
from the high-t mperature cent r , and secondary dol
omite fr e fr m on iderabl amounts of iron and 
mangan is mo t con picuou in th i inity of the 
r placement bodi in lime tone. Both of th e min
erals in th · Lead ille district, t.her f r , indicate mod
erate to somewho.t lo' t mperature. alcite i :r:are 
a a gano-u e min ral in the hypog n or but where 
found i of lat r growth than dolomite. 

Quartz repr n t a v ry wide range of t mperatur . 
It i as o iat d with the h iah-t mp ratur min ral 

mall quan tity to be diagno~ tic. 

Thi evid nee , o far a it goe , indicate that th 
workable hypogene ore bodi · , other than tho e con-
i inO' f maO'netite and pe ulari te, were formed within 

th rang of mod rnt tempera ture, 300°-150° C. , 
althotiO'h orne of the pyri t i \ein may have b en 
form d at om what high r t mp ratme. o mineral 
di tin tl v cliaO'no tic of low temp rat m e have been 
found in not worthy amoun . As hown on page 41 , 
the r b die "·er formetl at a depth of about 10,000 
f et, and a normal t mperature gradient of 1° C. per 
100 fe t of d pth would imply a temperatme 100° C. 
hiO'hcr thnn t..hat of the mface . That the existing 
temp ratur mu t hav b n omewhat higher than 
thi i indicated alike by the pre en of many sills· of 
th n newly intruded porphyry and by the character 
of the or mineral th ms lve . 

At om place , a ah·eady.impli d, mineral indica
ti e of high temperatur ar confu ingly a ociated with 
tho e indicati v of moderate temperatme, but con
fu ion d r ea with cleta.il d tudy of the ores . In 
the P nn , Comstock, and Ibex mines, in Breece Hill, 

of hiO'h-temperatur minerals were fractured 
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and later fill d by vein and impr goation of the mod
erate-temperature mineral . Of the high-temp ratm 
mineral magnetite wa evidently very table when 
invaded by the later olution . In evcr al pb e it 
has been hattered and r com ntecl by quartz and 
~olomite . It has also b en found a in Ju ion in py
n t . Plate 47, 0, illu tra t a m ta.morphic hal 
li mestone in which magnetite wa depo ited n minute 
grain , generally of r talliue outline, armnged in 
well-marked dark layer parallel to the oriainal trat
jfi ation. Later mineralization inlrodu db pyrite an,d 
orne quartz. The pyrite occ tu·~ in cub or clust r 

of cubic grain impregnating the ro k. r eaTly all th 
pyrite grain inclo e grains of magnetite, howing hat 
the pyri t,e, although capabl of r placinO' the other 

. b 

mmenl. of tho rock, had li ttle or no effect, on the 

FIGURE 45.-Crystals of specularite formed during early bigh-temp~ratu re phase 
Qf mineralization replaced in part by pyrite of a Ia tor phase of mineralization 

magueLit . Thi condition i in marked con!J:asL Lo 
that oxi ting in the porphyrie , in which the maanet
ite originally present wa repla ed by pyrite whe~ the 
rock was permeated by solutions near vein and re
placement bodies formed at moderate temperature. 

In contrast to the stability of magnetite in the high
temperatme depo its are the replacement of pecular
ite by ?yrite (pl. 46, 0, and fig. 45) and the thorough 
altcra_t1?n ~£pyroxene or olivine to erpentine (fig. 50). 1 

ttbundant around their edge . Thi indicat . 
that elution no long r abl t dopo it m ~ otther 
to d po it zinc blonde as part of a on ti~gnettte began 

, 
1
_ . ·f . uou proc 

01 t tat om time a t 1 tho maanetite h d f ' 
fi · d · d a onned urmg a mttte a o~w upply of elu tion at , 
era.to temperature, wh1 h depo it d the zin bl tnodc ende. 

COMPARISON OF MINERALOGY OF ORES 
VILLE AND ELSEWHERE lN COLORA~~ LEAD-

- ho ' n in thochaptoroni()'neou rock (p 54-- 
th Leaclvill eli ri t i n f o ral whichPl: .a~), 
h c - h b " IC Wlthm 

t o. porp ) _ry lt of .'n ral olorado and the de-
po 1ts of wht h ar g n L1 ally a so iated with 
oitic intru ion - T h cl p sit of tl1 " porph mobnzo-. . yry elt" 
h~v been 1: VJ wed by Lmdgr n, 5 whose work . u _ 
pltcs the ha IS for the Rccompanyi nO' comparat1· t bpi 
f l 

. 
1 

. . vc a e 
o t 1e mmora s of each d1 Ll'l t. The minora . 

d d
. m ~ 

rnna ~Lccor wg to th pr vailinO' Lemp ratur . 
f d 

. . 1 anoe 
0 po ltlOD, and a f \ ' d po itcd Lhrouah n I b .. great 
ra.ng_ o t~mperatur , app ~r at mor than one place 
' 1thm a lOO']e olu mo. Mtn rn.l attributed t 1-

h.d . h 0 u 
p 1 e eon men t ar also sho' n, a th ir di tin lion 
from ~ypogene min ral i n t v rywhere certain: 

h
bu t m

1
1?e

1
ral formed by oxidation ar omitted, n they 

ave tt t e or no bearing on th a oe i of tho hypo
gene ores. 

The min ral haract r of the deposits in th e di. 
tri t i ummarized below. 

The ore depo i of Bould r oun ty nre exclu irely 
ve~ns. Lindgren di tinguish thr e cla - ulphide 
vem , tungsten v in , and telluride v in . The ul
p.hide vein contain qu ar tz, bl nd , galena, chalcopy
n te, and some molybd ni t . -o tatement appears 
as to the depth at which th e were formed. The 
tungsten vein contain molybdenite, quartz, fluorite (1), 
ver! abundant sericite, calcit , and a li ttle pyrite, 
be 1des wolframite ' hich probably i of the variety 
ferberite . Lindgren r gard th e veins a formed 
at moderated pth byrec ot thermal a tivity. To the 
mineral of the tungsten vein G orae6 add ferberite 
cheelite, galena, and sphal ri te . H e also mentions 

magnetite, which, however, i probably a constit
uent of the original ro ks. The tungsten mineral 
have more recently been studied in detail by II • 
and chnller/ who r gard them a generally indicative 
of hiO'h temperature, although th y do not state pa
cifically that the tungsten vein of Colorado belona to Senc1te IS abundant in certain ha1y limeston e that 

wer partly replaced fiJ'St by high-temperature mineral 
~rid later by moder11.te-temperatme minerals, resul ting 
1~ a~ aggr~~ate of magnetite, serpentine, mangano-
Idente,scnCite, quartz, and pyrite. No trace remains 

of the minerals replaced by sericite. They may have 
con~tit~ted the original haly matter of the rock or, 
as Irvml? suggests,_ are metamorphic (high-temper
ature) mmerals denved from the shaly matter. 

the high-temperature (hypoth rmal) rather than the 
moderate-temperature (me othermal) class. The tel-

l luride vein con i t of quartz, chalc dony in large 
am~unt, ro co lite, barite, molybd nite in abundance, 
pyrt te, sericite, and adularia. Lindgren con iders 
the e veins to have b en formed at hallow depth. 

~her~ ~inc blonde is associated with magnetite 
bodres, It 1s extremely scarce in their central parts but 

6 Lindgren, Waldemar, Mineral deposits, 2d ed., pp. 617-622, !919. 
'George, R. D., Colorado Oeol. Survey First Rept., pp. 9- 103, 1008. 
7 Hess, F. L ., and Schaller, W. T ., Colorado ferberite and the wolframi te series: 
U. S. Oeol. Survey Bnll. 583, 1914. 
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zone 

Zone of sulphide en richment (sul
phosupergene) · 

h a 11 ow (epither
mal) vein zone. 

I 

\ - ~.....,.+-=-.....,. .... - ---~ 

Approxlmnte 
range or 

temperature ol 
tormation 

(•O.) 

0- 100 

!i0- 150 

.Approximate 
prossure 

M d rn.t - -- -

M inerals of L eadviUe and other districts in the "porphyry belt" of central Colorado 

ltange or depth (loot) 

From lower limit of complete oxidation to a varying depth below ground-wate r lev e. 

1, 500 -4-, 000 

I 
Home-

Antbrn- stoke, 
Monarch cite and As Sugar-

Crested pon loaf, and 
Mineral 

Lakes 

Lead
viUo Alma Tenmile Red Clitr Montezuma 

Breck
enridge 

I 
Georg<:~- Gil pin 

town I County 

I 
Idaho 

Springs 

Bonld(IC County veins 

Butte I Twin 

-------- - --- ---- ---- ------------ ---
X 

Argentite___ __ ______ X X X X I X Calcite_____________ X 
Chalcedony- -------------- ------ ------ ------------ ---- ------------ ------- -Chalcocite ___ __ _____ --X-- ------ ,-- --- - ------ X 
Chalcopyrite________ ---- -- ---- -- ------ X ------ ---- - - -- - --- --- - -- - ---- -Gold___ --- -------------- ------- X? -- --- - ---- - - -- -- - -
Polybasite========== ---- ----- --- X 
~roustite.-- - -------- ==== ==- -X--== ====--------------- ---Sfrrargynte_________ X ___ __ _ ====== ====== --X--------
Ste';h~~ite-======== = --X-- ~ X X X -- ---- --- ---
Sulphantimonides ___ ____ __ ---- -- - ----- X 

X 

X 
X 
X 
X 

X 

X 

X 
X 

X 

X 
X 

------ - -- -- ·· -- ----
------ ,-- ---- ------

X --- --- X 
X 

~dularia ----------- ______ ___ ___ ___ ___ X 
Alt~te ____________ __ ____ _ ===== = ====== ------ _____ _______ ~ = ==== ------ -- ---------- X 

A~e:ti: === = ====== ---- -- -- -- -- ------ = ===== ====== ---- -------- ---- ----- --- = === = = -- ---- ----- ------ - XX 
Barite ------- ______ --- -------- - ---------- -- ---- ---- -- -- ----------------- -Bismuth--- -- ------ ----- ---- --- ------ -- -- -------- ------ ------ ------------ ------ X 
ghl~verite _______ ___ ===== = == == == ====== ====== ------ ------ -- ---- ~ C j ce~o~Y- - ------ - _____ _ ______ ______ ______ ___ ___ ____ __ ______ _____ _ X o ora o1te_________ X 

E~~~?;~~~==== = === = = = ===== = ====== ====== ====== ====== ====== -- ---- === === === === --- --- ====== = ====~ X 
Marcasite ___ _ __ __ _ _ -- X-- = = ==== == == = = == ==== --------x--= ==== = ====== == == = = == == = = ------ ----- --- ---- ~ Melonite __ ________ _ ______ ______ ______ ______ ---- - -- ---------- -
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Farishs mentions a con t ituent of the telluride veins 
tzite, sylvanit.e, and f:~e ~old. . . . 

pe The depo it m the VlClmty of Central C1ty, Gilpm 
County, are gold~bearing veins. Of the miner als listed 
. the table pyr1te and quartz are by far the most 
:bundant, !tlld sericite i abundantly devel?ped in the 
altered siliceous w~ll rock. The P?lybas1te may be 
rlue to ulphid ennchmen t. J o mmeral character
.,tically formed at hallow d pth and no high-temper
ature mineral are found in this group. They therefore 
appear to belonG' to th d posit formed at interme
diate depth or at moderate temperature . 

In the Idaho prings di trict, whi h adjoin the Cen
tral City distric t, the d po it are of similar character. 
The native gold present app ars to be secondary, and 
polyb ite and argentite arc regarded by pun as at 
lea t in part econdary. 

In the depo it of the G orgetown district much of 
he argentite, pyrargyrite, and polyba ite ar believed 

by purr to be of econdary origin , but from the de
scription given it eem that at lea t ome of these 
mineral must be primary. o high-temperature min
eral and none di tinctivc of the hallo' -vein zone are 
pre enl. On the oth r hand, the pr encc of tetrahe
drite and tcnnantito UO'ge t that the depo its were 
probably formed at no greater than moderate depth. 

The deposits of the Montezuma district contain the 
persistent mineral , quartz, zinc blende, galena, and 
ehalcopyrite, and a con iderable proportion of barite, 
argentite, prou tite and pyrargyrite, which sugge t 
moderate to rather low temperature. From descrip
tions that have been giv n of the rich silver minerals 
iti uncertain whether they are due entirely to enrich
ment or are in part of primary oriO'in. If primary, 
they indicate the zone of moderate depth . Thi indi
eatiou appeai ~ to b onfirmed by th ab ence of an 
di tinctiv ly hi h-t mp ratur min rals. 

The ' in in th Br k nrida di tri t differ from 
the vein at L ad ill in mineralogy only in con ain-
ing mall quantiti f the hiO'h-temp ratur min ral 
ma!m titc and p ularite, whi h UO'O' t th t tho ore 
dep it of the dist.ri t w r form d well down t ward 
the bottom of th zon f mod rn t, Lemp rature. In 
thi r pe t th y h w a trik.ing contra t with the 
tellu ride v in. f Bould r ounty, whi h, being of 
later age were p rha.p produ d after th ero ion had 
remov d the larrr r portion of th up rin umbent 
rocks. 

The vein and r pla m nt dopo i mined in the 
Tenmile di trict o cur in formn.tions 2,500 to 3,000 
feet tratigraphi ally higher than tho containing the 
dopo its at L ad ill , but th y ar ic! nti al in ruin ral 
compo ition with the Lcadvill depo its xcept for the 
pr.esence of considcrabl pyrrhotit in the M ich igan 
mine sa and the pre ence of mar a ite. The ore of the 

:Farish, 1. B., Am. lost . Mln. Eng. Trans., vol. 19; pp. 547-553, 1890. 
C ·~nformation from B . S. Drown, ol tho American Metal Oo. , in I tter !rom 
· · Uonderson to 0. F. Lougblln dated Aug. 6 1925. 

Tenmile district, therefore, most probably represen t 
the zone of moderate temperature, although the pyr
rhotite sugge t a clo e relation to the zone of high 
temperature . 

The depo its of the Alma di trict include veins and 
r pla ement bodie which contain the same principal 
mineral a tho e of Leadville but al o several othe1 , 
including econdary ulphides . Minerals ugg tive 
of high and low temperature zones are present, and it 
appear::;, in the ab encc of more pecific data regarding 
their occurrence, that the deposits were formed through
out a con iderable range of temperature, which may haYe 
extended beyond both of the arbitrary limit of the 
zone of moderate temperature. 

In the R ed Cliff di trict the principal mineral in 
the veins and r placement bodie and the formations 
containing them are the same a those at Leadville. 
Their paragene is i al o imilar, and they are regaTded 
as represent.ative of th zone of moderate temperature. 
No di tinctive high-temperature mineral have b en 
found, but the telluride hes ite ha been reported, 
"·hich ugge t an approach toward low temp rature. 

The vein in the mall di tricts aero the Arkansa 
alloy w t of Leadville are in ilic ous rocks and ar 

very imilar in mineral compo ition to the Leadvill 
d po its of the zone of moderate temperature. Tho 
ore bodies of the Aspen district differ particularly 
from tho e of Leadville in the carcity of pyrite, the 
greater prominence of barite and dolomite, and the 
abundance of the rich silver mineral , which indicat 
that they were depo ited omewhat farther from their 
ource than tho eat Leadville; but they suggest the 

zone of moderate rather than low temperature. Mi
cro copic tourmaline recently found by Adolph KnopfD 
indicate local depo ition at rather high temperature. 
Th mall v in of tho re ted Butt district are com
mercially unimportant, but their mineralogy sugge ts 
d po ition at moderate to rather low tempera ture. 

The or of the Monar h di trict, de cribed by 
rawford, 10 are nearly or quite all of the high-tem

p rature zone. om of the depo it are of pegmatitic 
character, though the ore min ral may be of later 
origin than the pegmatitic min ral ; other deposits, 
in )jme tone contain typical contact-metamorphic 
minerals; till oth 1 , notably on Monarch Hill, contain 
no mineral dia()'no tic of high temperature, with the 
po ible exception of pecularite but Crawford is in-

' clined to regard them on the whole a equi alent to the 
deep-vein or hiO'h-temperature zon . The depth at 
which the ore were formed wa at least 7,000 feet, 
without allowance for Mesozoic and uppermo t P aleo
zoic trata that may have been entirely eroded since 
the ore were depo ited. The genetic relation of ores 
to intru ive quartz monzonite is e idently more defi
nitely tabli hed in th Monarch district than in the· 

------
• U . S. Oeol. Survey Bull. 785, p. 22, 1926. 
" Crawford, R. D ., Colorado Oeol. Survey Bull. 4, pp. 212-227, 1913; also pel"ional 

communication dated Oct . 23, 1922. 
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otho . The Load ille di trict i th only olh.er in 
which high-temp ra ure mineral arc at all promin nt. 
The depo it.s at p n al o were f nn d _b n ~th a 
thick cover of s trata bu farther from therr ullnnat 
source. Tho depo i nor th and nor thea t of Load
ville as Lindaron 11 ha ·tated, w r f rmod beneath 

, b . . . 

thinner and thinner overs, a nd tho in th n ctmty 
of Boulder have featur indi ativ of the lO\\·-femp r
ature zone. 

IRON MINERAL 

IN THE SULPHIDE ZONE 

MAGNETITE 

Magnetite (Fo30 4) occur~ mos tly in lurg , irrogula.r 
masses a much as 300 feet in length and 0 feet in 
both width and thickn ( e pl. 6 and c tion 

FIGORE 46.- Thin section or magnetite with interstitial manganosiderite and 
zonal inclusions of the same mineral. Zonal aggregate or pyrite are also present 
Magnified about 50 diameters 

on pl. 2 .) These ma e are dn.rk gray to black and 
fine to medium grained. ingle grains are 0.1 to 1 
millimeter in diameter. The rna iv magnetite in 
place is potted with mangano iderite, and where thi 
mineral has been dis olved out the r ulting cavities are 
lin d with magneti te cry tal . The cry tal of mag
netite are best developed \vhere the mangano iderite i 
relativ ly abundant. Many of the cry tal inclo e ono 
or more zone of mangano id rite near their margin 
(fig. 46). 

Around the margins of the large rna ses magnetite is 
found as fine bluish-black treaks along bedding plane 
and as dis eminated grain , particularly in haly lime
sLone (pl. 47, G, and fig. 47) . A specimen of mas ive 

t : Lindgren, Waldemar, Mineral deposits, p. 621, 19i9. 

magnetite to ' t d by _W. ~ . Hillebrand _in the chemical 
laboratory o£ th . mt d tnte _ologt al urvey wns 
found t be enL1rely fr o fr m tttnmum, chromium 
aluminum mao-n ·ium pho phon1. , and zinc ; hut con: 
iderabl pho phoru i r cord d in th analy i on 

pag 17 . 
Micro. co pic mngn Li L l}n al o b een found in the 

Tuc on mine partly rcpla ing mnngnnosidori te, wh~ 
olor i corre pondingly darken d. Thi ma<Yn et ite ~ 

developed alona th cl avnge plano of mangnno ideri tP 
grain . Wheth r thi a ociation i to b interpreted 
n indi aLing an approa h to onta t-moLamorphiccon
dition 11 lat r al toration f me ngnno idemte i 
un 

PE LARITE (llE)L\TlTE) 

lthouah h ma it (F 20 3) oc UI ' ttbund antly in nil 
the or of th L ndvill di trict i i much le nbun
dant than th hydrat d oxid . 1n th high-tem
p ratur or the dark-grn.. cry tallino variety pecu
larite, i. occa ionally f und allhouo-h it i uhordinate 
in quanLity to Lho magn tit . peculurito i found in 
th con tact-m tamorphi ore of tho Ib x mine, bu t it 
i not u ually pr nt in tho e porLion of th ore which 
contain appr ciable amounts of maaneLite. In the ili
ceous ja peroid, which i lo ely a. o iat d with the 
magn tite or and whi h ha u unlly a characteri tic 
vuggy or ca rnou appearan ' , num rou minute 
cal of pecularite et at all angle to one another are 

observable. A thi mineral is charactori tic of high
temperature depo its in g neral th fa t that o little 
of it occur in the Ib , Br e c Iron, and omslock 
mines i om what urpri ing. p ularito replacing 
dolomite or mangano iderit ( ~ ) ha be n found in the 
Wolftonemine. ( pl.46, B. ) 

B eside the variet pecularit , o£ hypogene origin, 
hematite i pre ent in red arthy to compact rn 'e! 

of upergene origin. The red ari ty i found in great 
quantity, however, in the outcrop of iron ore at the 
Breece Iron min , where it form a dull, dark-red com· 
pact, tough material , which ha evidently re ul tcd 
from tb oxidation of magnetit 

PYRITE 

Pyrite (Fe z) is the mo t abundant of the primary 
ore mineral in the Leadville eli tri t. It i locally 
prominent in contact-metamorphi d po its and ~ 
abundant in the vein and blanket ore bodies. It 
n.l o impregnates nearly all the porphyry ma es and 
other country rocks . In mo t of the r e it i. the 
predominating mineral, and in orne portion of ~ he 
blanket ore bodie and vein it i the only ulplude 
pre: en t. More commonly, however, it is n1ingled with 
th other sulphides- phalerito, <Yalena, and chalc~py
ri te- a nd may he totally a b en from hoot of hwh-
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de zinc blende and al o from local ma e of practi-
gra I h h · · · 11 callY pure galena. . n_ t e po_rp ync 1t 1 _genera y 

ociated with senc1te, whiCh forms miCro ooplC 
f ·ages around pyrite grain In all the e mode of 
o~currence and throug~out th di trict the pyrite i 
haracteri tically a ocmted w1th quartz. 

c PJTite occurs in . large ma _es of grains ' ith~ut 
crystal outline, but 1 ol~te? gram an~ those that hne 
ca>ities generally howdr tmctand typiCal cry tal form. 
In the large ma ses he grain range in ize from those 
of "UCh extreme fi.nene that th rna ha a velvety 
appearance up to grains half. an inc~ in diameter. 
Onvitie in these ma e are lmed w1th well- haped 
pyrite crystf11 , which vary in size with the coarsene s 
of grain of the ma . orne of the well-formed cry -
tals11re 12-fttccd (pentagonal dodecahedron ) , and orne 
are cube . All hav characteri tic triated face . 
Thelnrgercryntal attain ize of1Y2inhe andmore, 1 

A 

marcasite, butch m:ical t ts proved it to be pyrite. 
The surface of many of the e radiating pyrite 
or tals are coated with pyrite crystals of more ordi
nary form. The radiating aggregates are irr gularly 
mingled with rna c of galena and zinc blonde and in 
place arc cut by v inlets of the e minerals, particularly 
,,.alena. 

Pyrite unrelated to ore depo ition may be pre ent 
as fine to mi ro copic crystal in the different country 
rocks but none has been po itively identified. The 
bluish color of orne of the unalter d shale and lime
stone may be due in part to inclu ions of th e minute 
crystals wi hin the tran lucent min ral grain of the 
rocks. 

AR ENOPYRlTE 

1.renopyrite (FeAs or F 2-F A 2) ormispickel, the 
ilver=white ar enical pyrite, ha been reported from 

the Moyer mine and wa al o dis overed in the Tuc on 

B 

FIGURE 47.-Photomicrogr phs or thin ~ections or Jean magnetite ore from sevanth level or rbex mine 

arc unu uall 
amples of th 
pyri to cry t,aJ . 

omo well-formed p rit cry tal ar 
finer granular aggr gat, of th 
at a later stage of d po iLion. 

In the Wolftono min a on idcrabl quantity of py-
rite wa found with radiaLing tructur uo-ge tiv of 

' mine, where it formed a len · 5 I et long, 3 feet wide 
and 1 foot thick, parallel with the pitch of the ore 
hoots in the Tu on fault. Well-developed cry tal 

of it were orthorhombic prisms terminated by ba al 
plane but with no pyramid fac . o far a kno,vn 
these are the only occurrence of ar enopyrite discov
ered in the Leadville di trict. 

IDERITE A D ~fANG.\. 'O"IDERITE 

iderite (Fe 0 3), thouo-h abundant at Leadville was 
not recognized for a long time, although recognized in 
e eral other di tricts in neighboring parts of the 
tate. It wa ftr t adequately de cribed by Philip 

Argall 12 in 1914. 
Two varieti id rit accompany th sulphide 

ore . One i a r lati ly pure iron carbonate, whi h 

"Argall, Philip , Siderite and sulphides in Lead ,·i JJc ore depo its: i\Iin. and cl. 
Pr~ss . July II nud 25 • ..1914. 
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occm in fiat rhomb or di klike ry tal of light to 
dark-brown color on the wall of cavitie ; th other 
with a bigh content of mangane e, which form large 
aranu1ar ma ses u ual1y around the margin of ul-o . 
phide ore bodie . Th cry tal of the first van ty 
ra,nO'e from a sixteenth of an inch or 1 s up o half an 

0 

inch in diameter. The larger siz are unu ual at 
L ad ille, though common in tho imilar ulphide ores 
at R d Cliff (Gilman ), 2, mil to th north (pl. 4 7, 
D ) . om of the larger cry tal have cur cd edg , 
and in thi resp ct rc embl dolomite cry-tal . Th 
con picuou cry tals of siderite are perched on edg 
upon the ulphid crrtaJ , but clo c in pection and 

Th rna iv ari ty i by far the more abundantin 
the L achi_lle di_ tri. . I cont nt o~ manganese, 
though vanabl , 1 h1gh nouO'h to cla Jfy it a man. 
gano iderite [(F , Mn, Mg) O~J. Ito curs in abun. 
dane in th Downtown Fryer Hill, arbonate Bill 
and Iron Hill areas nncl i pre n t in the Ib x mine 0~ 
Bre co Hi~ and oth~r L ad ille m~ne , ithor intimately 
mingled w1th u1ph1d orr placmg the originallime
tone or do1omit , forming an envelope or en ing of 
ariable width nrouncl th ulphid bocli . There

plac ment h~:U u ually been o compl to that all the 
original ro k tru tur arc pr rvcd , and th ma of 
manganosid rit o lo ely re embl th unaltered 

E. 

0 50 100 FEET 

~ 
~ 

heared Gray porphyry 
~ 

Manganiferous 
Sideri te 

FIGUllE 4 .-Cross sect ion showing relations or manganosiderite to sulphide ore and limestone, fi lth le"el, Tucson m ine. (Alter Philip Argall) 

microscopic tudy show that some of them are inter
gTown with galena, the late t of the sulphide to form, 
and that orne interstitial id rite i found among the 
m ive mixed sulphide . It evidently cry. tallized 
later than all the ulphide xcept galena, and con
tinued to cry tallize after the cl po ition of galena hud 

' White lime tone that th bouudary between the twoi 
not ea ily found without y tomatic quantitalive de
termination of iron and mangane c. 

The mangano id rite i u ually light gray, but much 
of it hows a very light yellowi h and orne a pinki h 
tinge. It is coarse~ t grain d where mingled with the 
sulphide , and singl grain there range from 1 milli· 
met r t.o more than 5 millimeter in diameter. 'l'he 

c a eel. 
Argall showed that iderite accompanying ulphide 

ore ("vein iderite" in contrast to sedim ntary sid
erite or pathic iTon ore) contains con iderable man- 1 

gane e. He cited no analy e of the cavity-coating 
siderite from Leadville, however, presumably because 
cry ta.l large enough for analy is weTe difficult to 
obtain. 

larger grains how a mark cl rhombohedral clcavaue 
and their faces are slight} urv d. In the envelopes 
that surround ore bocli and in the isolated mn, cs, 
within ore bodies, of what a.t fir t appear to be re idual 
masses of lime tone it occur ' a fine-grained aggregates 
of irregular grain from .05 to 1 millimeter in ize. 
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These aggregates are interrupted by thin layers of 
greenish-gray shale that mark the original bedding of 
he limestone.. ( ee p.l. 48, D.) 
Determinat10ns of ll'On and manganese made by 

Argall are here quoted with his remarks: 

In various places in the Tucson mine the beds of siderite are 
of!uch wide extent as to su~gest sedim.entary depositi?n. Ob-

ving a drift closely followmg the stnke of the beds m such a tr . 
~ocality, samples were taken at mtervals of 20 feet along one 
11\rtioula.r bed and assayed with the following result: 

--------------.------~------------~------

From tis· I Iron 
Sample sure (fe~ (per cent) 

40 24. 3 
60 5. 2 

0 3. 4 

Manganese CaO 
(per cent) (per cent) 

16. 2 
3. 1 

. 1.2 1 

1. 
19. 6 
24. 1 

Insoluble 
(per cent) 

16. 6 
25. 2 
13. 2 

A second place was chosen where ore was mined along a 
"fiat" in the footwall country of a fissure where, on reaching 
the limits of the pay ore, a eros cut had been extended through 
the siderite into the unreplaced limestone following the bedding· 

mplcs here gave the following re ults: 

S!mple Feet Iron j M_anga- CaO Insoluble 
(per cent) nc: nWer (per cent ). (per cent) 

10 from ore ______ __ 26. 6 1 .9 
I 

29. 6 .L .. o. 6 I 
B •.•• 20 from ore ___ _____ 19. 4 21. 0 .7 19. 2 
C .... 30 from ore __ ______ 16. 7 20. 1 1.2 25. 0 
D .••. 40fromfaceofcro s- 4. 2 3. 2 19. 6 20. 0 

cut, top. 
E ••• . 40 from ore, floor of 3. 6 2. 23. 0 1 .0 

crosscut. 

These samples conclusively showed that practically complete 
'derite replacement of the limestone extended 30 feet beyond 

the termination of the zinc-lead ore [ ee fig. 4 l, extending as a 
"fiat" from the fissure, and then gradually faded out in 10 feet, 
IS hown in samples D and E. In fact, the change in the cro s
cut is so gradual and imperceptible that no p r on with the 
UI18ided eye could de ermine in the mine the lime tone from the 
iirlerite. • * * onscquently the siderite ha perhap , 
been mistaken for White lime tone, both by the miner and 
bythc visiting cientist . 

Pla.te 47, A, illu crate the mas ivemangano iderite. 
Under the micro cope the mineral clo ely r emble 
dolomite in color, leavacre, and lack of distinct crystal 
boundari but ha stronger ab orption and higher 
index of refraction. It i u ually clear and contain 
no inclu ions, although it is cut by many Iacer einle 
of quartz and ericite with pyri t , phalerite, and ga
lena and is likewise replaced by cr t.als of th e min
erals, inglo or in cluster ' . Wher vugs are pre nt, 

99271--27t----12 

however, they are lined with crystal of manganosider
ice (pl. 4 , A) that grew later than the bulk of the sul
phide and therefore correspond to the siderice cry cals 
already described. It is impossible to separate these 
small drusy crystals sufficiently from the massive min
eral to determine any difference in chemical composi
tion , and their indices of refraction are too nearly equal 
to indicate such a difference. It appears on the whole 
that manganosiderice crystallized throughout a great 
part of the period of ore deposicion and through a con
siderable range of high to moderate temperacure. It 
apparently acted as an advance guard of the sulphides, 
replacing the limestone first, only to be replaced itself 
by the sulphides (pl. 48, 0) and carried into the lime
stone around them, where it was again depo ited by re
placement. 

Argall/ 3 from his study of the mangano iderite 
masses in the Tucson mine, concluded that they were 
in part of contact-metamorphic origin and in part 
introduced through deep-seated :tis ures. The evidence 
in favor of contact;metamorphic origin consisted of 
the po ition of the manganosiderite alono- the contact 
of a large irregular sheet of Gray porphyry (fig. 4 ) and 
its association wich comparatively small aggregate of 
magnetite and specularice. Argall al o refer~ to the 
association of chloritic material and sugge ts that; it 
mn.y have been derived from contact-metamorphic py
rox ne; but the chloritic material may represent rem
nants of original shaly matter in White limestone. 
The close association with magnetite ( p. 150 and fig. 46) 
and specularite points to depo it.ion in high temper
ature, but the scarcity or absence of associated silicaces 
and the occurrence of mas es of manganosiderite away 
from intru ive contacts (for example, at Red Cliff. 
where no intru ive rocks have been found asso iated 
with the ore ) indicate that its temperature of dopo i · 
tion may extend from the lower end of the contact
metamorphic (pyrometasomatic) range well through 
t.hat of the intermediate (me othermal) vein zone. 

A complete chemical analy is of massive mangano
sid rite from the Tucson mine is given in the table 
b low. Be ide it is the corresponding calculated 
mineral ompo it;ion in column 1; al o the calculated 
mineral omposicion of another massive pecimen 
from the Tuc on mine and a sample of cry tal from 
Gilman (Red Cliff), Colo. P artial analyse quoted 
from Philip rgall' paper ar criven in the second 
tab! . 

u Argall, Philip, op. cit .. p. 32. 
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:1 nalyse and mineral compo ition of manganosiderite 
Ill 

~ 
T 

hemical analysis 

Per cent 

10. 0 
3. 16 

FezOa---- one 
FeO _ _ _ _ _ 26. 0 
MgO ____ , 4. 04 
CaO ____ . 0 

a2o __ __ . 57 
l\~0 ----- . 0 
H

2
0 - ____ . 22 

H20+ _ . 9 
Ti0

2
_ _ ___ TTace. 

C0
2 

_____ 33. 14 
P205? __ __ .47 
FeS2----- . 4 
MnO ____ 19. 71 
BaO_____ Trace. 

i1o0.0 

Calculated mineral compositiou 
3 

Carbonates 
Calcu lated recalculated to 

from analysts 100 per cent 

1-----+----
Quartz _______ _ _ _ _ 6. 4 • 4. 22 0. 9 

ericitc: 
Mus ovite ____ . 0 
Paragon ite ___ 6. 

F 0 ---------- - 43.15 
Mn 3 - --------- 31. 97 
:tvlgC0

3 
______ ____ . 4 

CaC03 _ _ _ -- -- __ -- • 20 
Pyrite------- ---- . 4 
?Water+b -------- . 52 Water- ________ _ -~ . 22 _- _--- ____ - ___ - _______________ _ 

?P204• --------------~ ------------------------------ -

---- 51.-49-- l---· 6-.-22- - ---5ii.-5--
3 . 1.'5 20. 53 21. 3 
10. 12 7. 00 13. 4 

. 24 . 16 . 7 
---------------------- . 5 

100. 01 100. 00 100. 13 93. 3 

a J nsolu ble. . 
b Part may be in sericite, in exce of tbe muscovite-paragomte formula. 
c II J>2o, is combined with Fe, Mg, Mn, orCa there will be a corr ponding excess of o,. 

1. Manganosiderite replacing White lime tone 4 feet beneath ulphidc ore body, cventh 1 \·el, Tucson mine. Analy, 
J. G. Fairchild, U. . Geol. Survey. 

2. Fine-grained manganosiderite from "horse" between two ulphide bodies in Blue limestone, third level, Tucson mine, 250feel 
N. 10° E. from shaft. Average of two analyse . The specimen from which this was taken was inter ected by many seamsd 
sulphide, and scattered grains of sulphide were likewi e abundant in it. These were all carefully r moved before the analysis 
was made, so that practically clean material was available. Four grams of pure material was thus obtained, which was dried at 
100° C. for one hour. Analy t, Dr. W. M. Bradley, heffield cientific School, Yale niv r ity. 

3. Fresh crystals from sulphide zone at Gilman (Red Cliff), Colo., collected by J. A. Ettling r. ~lin raJ composition calcu· 
lated from a commercial analysi by J. W . Hawthorne, chemist of the Empire Zinc o. 

Partial analyses of manganosideri te a. 

2 s I 
------------l---1------1 

9 10 II 12 13 

Insoluble ______ _____________ ____ _____ __ _ 
lro n b ________ __ _________________ - ___ - - -
~angane e _____ _____________ _____ ____ _ _ 

~gO --- -- ----- ------ -- ------------ -- - 
CaO_ .. - _ -------------------------------Lead ___ _________ __ __________________ _ _ 
Zinc ____ ___ __________________ __ ______ _ _ 
Iron carbonat-e b _ _______ ______________ _ _ 

Manganese carbonate ___ -·- _________ ____ . 

19. 60 
23. 07 
20. 70 

21. 20 
21. 0 
21. 10 
2. 40 

. 40 

. 60 

. 30 

19. 60 I 21. 20 19. 20 4. 40 2. 00 I 1 . 10 2 40 
13. 00 21. 0 I 19. 40 25. 60 2 . 10 29. 70 17.20 
20. 70 I 21. 10 21. 00 12. 60 I 9. 90 5. 40 11. iO 

----.-47l---.-46- ---- .-76- ======== ~ =======~ ==== ====,==:::::: 

= = i~:= ~i= , == !i=i~ = ,= = fg:=~g = = = ~i= i~= = = i~:= i~ =j== ~i:=~~: l:::~~5: 

e1 

tl 

Magnesium carbonate ________________ __ _ 
Calcium carbonate ... --- ---- - ------ --- ---

1. 40 
. 30 

1. 50 
. 30 

47. 86 
43. 36 

2. 94 
. 54 

45. 23 
44. 20 

5. 04 
.71 -.--4T ---.-7iT-- i.-25- ========,======== ======== ::::::::, 

• Quoted from Argall, Philip, Siderite and sulphides in Leadville ore deposi ts: Min. and Sci. Pro , July 11 and 25, 1914 . 
b Includes a small quantity or iron present as sulphide and o.<ide. 

r os. 1 and 2 each contained 0.04 ounce of gold to the ton, and o. 1, 0.0 of silver. 

From the e analy es it appears that the iron i gen
erally pre ent in greatest amount and that magnesia 
is a peri tent minor con tituent. The small amount 
of calcite may be due wholly to infiltrated calcite or 
to minute quantities of unreplaced rock and need not 
be considered a part of the mineral. If the carbonates 
are regarded a isomorphous mixtures of iderite, rho
dochro ite, and ma.gne ite molecules the formula for 

the two relatively comple e ana.ly es may be written 
a follows: 

Analysis 1. 4FeC03.3 MnC03. MgCOJ. 
Analysis 2. 7FeC0 3.2MnC03.MgC03• 

Microscopic examination of the nmple represented 
by analysi 1, at the top of this page, revealed quartz 
and a small quantity of finely divided sericite and 
pyrite in veinlets and irregular patches in the 
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uanosiderite, and r calculation of he analy is 
DJ8Do I . h h . . . e" very close y wit t e miCroscopiC ev1dence. 
~~:predominance of t~e paragonite c.soda mica) mol-

le over the mu cov1te (potash miCa) molecule in 
~~ ericite is particul~rly noteworthy and raises a 
uesLion a to t.he r elative amounts of these two mol
~ules in sericite throughout the di trict. The exce s 
ater of compos ition (H20 ) i more likely to be in the 

\cite thnn in nny other mineral. The P205 was 
~ lected in the cnlcula ion , a no mineral of which it 
··a con tituent could b identified. 

The ulphide or shipp d from the di trict to mel t
e, are very low in mangane e carbonate and give no 
adequate idea of the large amounts of this mineral 
present in the rna e of low-grade ore and practically 
barren mangano iderite that border the high-grade 
woo and are occa ionally found within them. 

IN THE OXIDIZED ZONE 

MELA -TERITE 

The hydrou ferrou ulphate, melanterite (Fe 0. + 
;H,O), i a very common mineral in the Leadvill mine 
but has been deposited by surface waters that have 
been active ince the development of the workings has 
been cnrried on. It in ru ts the walls of drif and 
also form talactit and talagmit of con iderable 
size. When fre h the mineral i green and transparent, 
but on expo ure to air and light it gradually turn to 
a white chalky powder.• It is generally found well 
within the ulphicle zo·ne, and in the oxidized ores it 
place is tak n by ferric nulphate ' and oxides. 

YIVIANITE 

which arc corre-

increa e the brown or reddish-brown color changes to 
a v ry dark brown, and finally to black. The e oxides 
are al o mingled with kaolin, producing the light
yellowish ocherou varietie , whi ch are not readily 
di tingui h d from jaro ite and other ba ic ferric 
ulphates. 

One of the commoner vari ties of brown iron oxide 
in the eli trict i commonly known a "liver-color d 
rock." Thi i a den e flinty material of y llowi h
brown color, havina a conchoidn.l fracture and con
taining a large proportion of admixed silica. Much 
of it i prinklecl through with irregular blotche and 
particle of ma ivc ceru ite, and i oft n poken of as 
low-grade hard carbonate ore. The earthy material 
and the " liver-colored rock" are the most abundant 
vari t ie of brown iron oxide in the di trict. Tone of 
the botryoidal and fibrou vnri ti hav come to the 
writer ' attention. 

JARO ITE A D BA I FERRI LPHATE 

Rickett 11 Emmon 15 and Hillebrand 10 have de-
cribecl the oc urren e of abundant ba ic ulphate of 

iron in th oxidized or . Ricketts de crib d ba ic 
ferri ulphate a forming a bed or layer lying beneath 
the richer bodie of lead carbonate in arbonate Hill. 
The material i an ochery yellow, rather loo e and 
earthy ub taoce, re embling dry clay in orne places 
and light-colored limonite in others . It contained 
on iderable though varying quantiti of lead sul-

phate evidently in th form of plumbojaro ite, which 
had not then been recognized a a di tinct mineral 
p Cie . 

Three analy e of thi material quoted from Emmons 
and one quoted from Rick tt. ar giv n b low: 

Analyses of basic sulphates 

2 

::If aid or Erin Morning tar 

)lone. 
46. 70 

None. 
. 06 
. 06 

5. 33 
1. 

10. 54 
4. 27 
.0 
. 46 
.0 

30. 53 
. 02 
. 004 

Trace. 

0. 30 
42. 9 

. 20 

. 64 
None. 

6. 31 
3 

10. 12 
. 27 
. one. 
. 42 

1.5 
27. 1 

. 26 

. 0036 
None. 

3 
Lower 

Waterloo 

0. 36 
44. 40 

. 23 
one . 
one. 

. 15 

. 37 

. 99 
19. 50 

one . 
. 39 
.11 

25. 07 
. 04 } 
. 075 
one. 

Trace. 
40. 22 

1.11 

11. 20 
29. 98 

1 . 02 

. 27 

---------_____ , ___ _ 
99. 14 99. 7236 99. 6 5 100. 0 

1-3. Emmons, . F. , . . Geol. urvey Mon. 12, p. 550, 1 6 
· 4. Rickett , L. D. , The ore of Leadville, p. 36, 1 3. Exact 

locality not sp cified; Waterloo, Morning tar, or Evening tar 
mine. 

"RicketLS, L. D ., The ores or Lead,·lll , p. 36. 
"Emmons, . F., U .. Oeol. un·eyMon. 12, p. 549,1 6. 
"Billcbraod, \\' .F., idem, p. 607. 
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The fu t two anal:y e repr ent mainly mixtures of 
jarosite (K20.3Fe20 3.4 0 3.6H20) and a basi_c fe~Tic 
sulphate, with minor quantities of plumbo]~ros1te, 
pyromorphite, and other compound ; the th1rd and 
fourth represent mainly plumbojarosite. 

MANGANESE MINERALS 

IN THE SULPHIDE ZONE 

M angane e in the ores of Leadville is present mainly 
as manganosiderite, described on pages 151- 155. A few 
occurrences of rhodochro ite (mangane e carbonate) 
and one or two doubtful occurrenc of rhodonite (man
ganese silicate) have also been reported. The sulphide, 
alabandite, has not been found in the Leadville di trict, 
although reported by G. M. Butler 17 from the lma 
district, on the ea t slope of the Mo quito Range. 
Before the casings of mangano iderite around the ul
phide ores were recognized, Lhe opinion had been held 
by several that the manganese in the extensive bodies 
of "black iron " or oxidized iron-manganese ore wa 
derived in part at lea t from alabandite; but alaban
dite is rarely found in considerable quantity. The 
only evidence of the existence of manganese as ul
phide is presented in the three chemical analy e of 
ferruginouszincblende (marmatite) quotedon pnge 157. 
In these analyses manganese isomorphous with zinc 
and iron ranges from 1.3 to 3.7 per cent. 

IN THE OXIDIZED ZONE 

In the oxidized ore of Leadville mangane e occurs 
abundantly as oxides and hydrated oxide . In much 
of this material it i difficult if not impo ible to deter
mine the exact mineral species to which the earthy 
manganese oxides belong. Pyrolu ite, though not een 
by the writers, was detected by Emmons in hi original 
investigation , but p ilomehme and wad are doubtl 
the oxides pre ent in greater abundance. The differ
ence between the last two mineral i chiefly in the 
degree of hydration, and it i probable that they occur 
together abundantly in the oxidized mangane e or . 
Pyrolusite and probably manganite are also present. 
Away from the ore bodie black oxide of mangane e 
commonly form dendritic or fernlike growth on frac
ture surfaces. Mangane e i al o pre ent in hetaerolite 
and chalcophanit.e, wh_ich are grouped among the zinc 
minerals of the oxidized zone. 

P ILOMELA_ E A ro WAD 

talactitic and mammillary form of black to dark 
steel-gray p ilomelane (H.Mn05, generally impure, 
hence compo ition doubtful) are often found but are 
much le s common than the black, impure, earthy va
riety of material which is commonly known as wad. 

"Colorado Oeol. Surveli llull. 3, p . 240, 1912. 

This material occurs mixed in all proporLion w· n 
the iron oxides . It frequently contain admixed ch\ 
cophanite where the or carri appreciable amou:~ 
of zinc. 

PYROL ITE 

The bl~ck d~oxide of man~ane e, pyrolu i.te (Mn0
1
), 

occurs mixed m all proportwns wtth the u·on oxidC!I 
and with the other oxidized minerals. It is 0 inti. 
mately mingled with the p ilomelane that the two can 
rarely be ~istingui .hed from one another. .It is very 
abundant m the mmes of the Downtown d1 trict ano 
Carbonate Hill but i les promin nt in the more ili
ceou ores of Breece Hill and vicinity. Crystab ~ 
pyrolusi te were identified by Emmons, and mot ~ 
the mangane e or w re a urn d by him and al 0 by 
Ricketts to be in the form of the dioxide. Later inr~ 
tigations by G. M. Butler and J. D. Irving, however. 
showed that mu h p ilomelane i present. 

ZIN MINERAL 

IN THE SULPHIDE ZONE 

PH LERITE (Z I C BLE DE ) 

With the exception of p rite, phnJerite or zinc 
blonde (Zn ) is the most abundant mineral in the 
Leadville ore It constitut a large percentage ol 
many of the blanket ore bodi and the lodes but 
occurs very pur ely in n:fngnetit -pyrite contact· 
metnmorphic ore . 

The sphalerite is in everal places egr gated into 
certain portion of an ore body and on titute ahiuh· 
grade zinc ore, but more commonly it i intimately 

1 mixed with pyrite and gal na. The mo t abundant 
variety of zinc blende is granular and mas ivo, with a 
dark-hro\ n to nearly bla k c lor and a r inous lu ter. 
The grains are without cry tal boundaric except 
where they project into caviti . In the finest-grained 
maLerial they are le than 0.01 millimeter in cliam· 
eter and from that they rang up to 2 millimelei"', 

1 
The coar or-grained rna contain numerou vu. 
linedwith phal ritecry tal , mo tofwhicharetwinned. 
In some large vugs the cry tal attain diametc11 
of more than half an inch. The e large ry tal were 
common in the Moyer, Tu on, A. Y. , Minnie, and 
adjoining mine of souLhern Iron Hill. 

The zinc blonde mined in the Leadville di trict is 
not pure but is the dark-brown to nearly black variety 
marmatite, wh_ich, a hown by the chemical analyslll 
below, contains a high percentage of iron. Thi iron 
content has made magnetic concentration of the blcnde 
possible. Three analyses by Warwick are quoted on 
page 157.18 

ll Bain, H. F., U.S. Oeol. Survey Minera l Re3ources, 1905, p . 381, 1001. 
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Chemical analyses of ferruginous zinc blende (marmatite) 

--- Adams I ol. Sellers I Yak 

-----
----;;- 5 cadmium which veried from 0.1 to 0.35 per cent. 
:\:~d~ manganese which varied from 1.3 to 3.7 per cen t. 

45. 1 
36. 4 
17. 8 

.2 

99. 5 

Allen and Crenshaw, 19 in .their discus i~n of the 
hysical chemistry of ~phalente a~d wur~z1te: have 
~nalyzed several varieties of phalente rangmg m con-

limestone, the intervening fragments of which were 
subsequently di olved. 

HYDROZIN ITE 

Hydrozincite, a basic zinc carbonate (ZnCOs.Zn02I-l2), 
ha been reported to occur here and there as a 
dull-lustered white, soft, earthy alteration product of 
mith onite.20 In the workings acces ible to Loughlin, 

however, the only earthy white material found in the 
oxidized zinc ore proved, on testing, to be zinciferous 
clay described on pages 160- 162. 

AURI HAL ITE 

tent of iron from 0.15 to 17.06 per cent. ' Aurichnlcite i · a basic carbonate of zinc and copper 
Recalculations of the analyses usually show that the 

iron is present not as mecha.nically m~ed and finely 
divided pyrite but as Fe , presumably ill some form. of 
combination with the Zn orne samples of. phalente 
contain as high as 20 per cent of iron. 

IN THE OXIDIZED ZONE 

MITH 0 ITE 

mithsonite (ZnCO 3) is the roo t abundant of all the 
oxidized zinc minerals and forms large blanket bodies, 
replacing the limestone and al o the manganoside~ite 
or the primary mineralization. The bulk of the zmc 
obtained from oxidized ores is derived from smithson
ite. Two varieties are pecially common at Leadville. 
One is a dense, compnct gray to brown mas ive rock 
with sparsely scattered irregular cavities (pls. 49, D; 
50, G, D). It is impure and contain varying amounts 
orthe isomorphous iron, magnesia, and manganese car
bonate molecules. It trongly resemble slightly al
tered limestone and was for many ears mistaken for 
limestone. Th other i a fine dru variety, mostly 
tight brown but in part al o colorl s to white, or 
occasionally palo gr n, generally found lining cavi-
ti in the den e variety (pl. 50, A, B ). This dru y 
variety at evoral plnce forms thin layers alternating 
rith a black mineral (heta rolite ~) and locally with 
ferric oxide. Botryoidal and fibrou varieti are com
paratively rar . !though pure mithsonite hould 
centain 52 per cent of metaJJic zinc, the pr ence of , 
impurities con iderably reduc s the zinc cont nt so 
that the carbonate or mined rarely contains more than 
40percent and range down to 15 per cent. 
.A third variety, comparatively uncommon at Lead

lille,has a cellular structure (pl. 51, F ). It occurred 
on the second level of the Wolf tone mine and formed 
an extensive layer from 1 inches to 3 feet thick imme- I 
d~tely beneath a rna of sulphides 10 feet thick, whi h 
was in turn overlain by a roof of porphyry. This · 
structure is caused by the intersection of numerous 
thin plates of crystalline smithsonite and i believed 
to have been developed by deposition in shattered ---
"Ailen.E. T ., and Crenshaw. i L ., Am. Jour. Sci., 4th ser., "ol. 34, p. 347, 1912 

(2(Zn,Cu)C03.3 (Zn,Cu)(0H)2) who e zinc content 
ranges, according to different analyses, from 50 to 59 
per cent and who e copper content ranges from 15 to 
22 per cent. The pure mineral, according to Penfield,21 

1 contains 53 to 54.4 per cent of zinc and 20 to 21.2 per 
1 cent of copper. The mineral is of pale-green to sky

blue color, of pearly luster, and very soft; it occurs in 
drusy coatings or divergent tuf of columnar or needle
like cry tals. 

The only deposits of aurichalcite noted by Loughlin 
in Leadville were in two small stopes above the first 
level of the Ibex No. 1 (Little Jonny claim). Here 
the aurichalcite occurs as pale blui h-green crystals 
forming druses or cavity fillings in light-brown zinc 
carbonate ore. ( ee pl. 52, A.) In thin section (pl. 
52, B ) the cavity fillings were found to consist of a 
mL"{ture of aurichalcite and calamine. The calamine 
predominated, forming diverging groups of bladelike
crystals, in and through which were scattered tufts of 
fine needlelike to fibrous cry tals of aurichalcite. A 
thin rim of dru y mith onite para.ted the calamine
and aurichnJcite in places from the ma sive brown ore. 
One of the pockets was found to have a matrix of 
nearly or quite isotropic ilica, in which the crystals of 
aurichalcite and calamine ·were mbedded. The silica 
pr erved to orne extent the granular texture of the
mas ive carbonate ore, proving that it had grown in 
part, or been enlarged, by replacement of the massive
ore and indicatina that the zinc in the calamine and 

' aurichalcite had been, at lea t in part, derived from 
the zinc in the mas ive ore. The ource of the copper 
i not apparent, but its pre ence is not smprising, as. 
the original ulphide ore in the vicinity contain con
siderable copper. It is aid that ore of .this variety 
from the Ibex r o. 1 has run as high as 4 per cent cop
per, but that no allowance for the copper is made by 
the ore buye1 . Ore of a imilar kind is said to have 
been mined in the Rattling Jack claim, whose shaft is 
a short distance outheast of the Ibex No. 1 shaft. 

to Butler, 0 . M., Some recent developments at Leadville, second paper, Theon. 
dizod zinc ores: Econ. Geology, vol. 8, p. 8, 1913; reprinted in Colorado School ot 
Mines Quart., vol. 8, April, 1913. 

11 Penfield, S. L., On the cbemlcnl composition oi auricbaleit&: .A.m. Jour. Scl. ~ 
3d ser., vol . 41, pp. 106-108, 1891 
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A few micro copic needle of aurichal ite were fou~d 
in a thin ection (pl. 52 0) of a calamine-qual'tz v. m 
cutting low-grad reddi h-brown zinc ore in tho Belawn 
mine (Fenton ' lea e in 1913). H ere al o tho aurichal
cite grew simultaneously with the calamine; the two 
zinc minerals grew inward from th id of th ve in , 
and their terminations are embedded in a entral filling 
of hale donie quartz. orne of the au richalcit 
needle are b nt, and fragmen of calamine blad , 
which may have been broken from the margin , are 
inclo ed in the central portion of th ,. in ugg ting 
that there wa a luggi hly JJ owing fluid (or gelati
nou.) ilica durina or ju t after th e growth of the 
aurichalcite and calamine cry tal . 

The fact that thes were the only occurrcnc of 
aurichalciLc no ted in the di tri ct indicates that the 
mineral i a very minor con tituen t of the gcnerali·un 
of the oxidized zinc ore . I ts relat ive abundance in 
the Ibex, which lie in the copper-gold belt is ianifi
cant, and its occurrenc in con idorR ble quantiti " i" 
doubtl s limited to thi belt. 

CALAMJKE 

Calamine (H2Zn2 i05) occur typically in fine to 
coar e di·uses of white to colorless bladed crystal (pl. 
49, A , B ), or in aggregate of diverging cr) tal group , 
which may partly or completely fill cavitie (fig. 63) . 
Sheafuke aggregate , compo d of crys tal welded along 
their brachypinacoid , are occa ionally found. The 
~rystals in the e cavities are tabular parallel to the 
brachypinacoid, which i. vertically striated. Many 
of the cry tal a1·e terminated by a blunt point formed 
by two macrodome ; other hy a harper point where 
the blunt macrodome are subordinate to s teep macro
dome . Le commonly th n arly flat bra hyclomes 
predominate, producing a blunt chi el-lik termination, 
and in a few specimens the "chisel edae" wa en to 
be truncated by the b a.l pinacoid. On small pyra
mid face was noted by Butler Y Pri m face are pre -
ent but not con picuou . The calamine also fill malJ 
fracture , in a few of which it i accompanied by amor
phou or microcry talline ilica. In one exceptional 
pecimen, found by R.. . Fitch on the dump at the 

Adams haft ,Augu t, 1913 , calamin cry tal are coated 
with minute quartz cry tal . The calamine crystals 
havo grown upon both rna. ive and dru y mithsonite 
and on red and brown iron ox.id and black manga
nese oxides. ( ee Hetaerolite.) They may inclose 
small particle of the iron and manga.ne e minerals 
and be corre pondingly darkened in color. They are 
al o found in pockets or fractures in lime tone near 
zinc carbonate ore bodies, and orne veinlets cut hetae
ro1ite and zinciferou clay, both of which are de ·cribed 
below. One specimen, found on the May Queen dump, 
was o filled with brown oxide of iron as to have a 

"Outler, 0. M ., Some recent developments at Leadville, second paper, The 
.oxidized zinc ores: Econ. Geology, vol. , p. 7, 1913. 

brown opaque ~p~ ara~ ' , and ~1 i cryl>tnl ha~t 
gave a clue to 1t 1d nt1ty. Io t.his and ~rtainoth 
pecimens th ca.lamin app 1.us t.ohavegrown, atle~ 

in part, by the r pla~e~n n of brown ma ive smith. 
son'i te re along av1t1 .N r. fractures. In st.itl oth~ 
p cim ns, wh r th cnlamme r "":t upon other drusv 

min rals or ftll a n work of f.ra tures inclosin~ 
sharply angula1· fragment of browOJ carbonate ore !hi 
calamine wa ungu tionably depo ~ted by infiltruting 
waters without d tectabl r plac m n t. 

HET EROLlTE (' W LFTO ITE ") 

The mineral hetaeroli te wu not r oanized nt ~d
ville until the developm nt of the oxidi~ d zinc or 
wa begun. It w at fir t b li ev d to be a new pcci. 
and wa therefore named wolf toni tc , 13 after the mine 
in ' hich it was found , but furLhor tud · proved it to 
be het~ter lite. It i c mpo d prin ipally of oxides 
of zinc and mangane e, wi h mall r amount of ilica 
and water. Opini ns di!fer a to its chemical formula. 
The mineral wa first d cribed by ifoore 2' in 1 ; 
from a pecimen fottnd ftt the P as aic zinc mine, ter· 
ling Hill, n ar au burg, u ex ounty, X. J. 
Moore described th e phy ical propertie and occur. 
:rene of the min r al and . tated it to b a zinc llilt& 
mannite (Zo0 .Mn20 3)

25 bu publi b e l no analy e . II 
o curr d in o iation' ith chalcophanite in o h.erow 
limonite, th e chal ophanite u ually forming a thin 
coating ov r i t . 

In 19-10 Palach 20 tudied an w lo t of material from 
Franklin Furna e, . J. , and agre d ' ith Moore tha 
the hcta rolite ' a zinc bau mannite. II igned 
i t to the tetragonal ystem of crrtallization and tated 
that it had an indi tin t cleavage. Tho material w~ 
analyzed by W. T. challcr of t.h niL l tat~ 

Geological un-ey ( ee column 1 on p . 159), !bnd ·hollll 
to contain mall amoun ts of ili ca and water, th water 
being attributed to a slight admixtur of ch.al ophauite. 

In 1913 Ford and Bradley 27 gav a de cription and 
analysi of a pecimen of the L eadville hctaerolite, 
taken from the Wolf ton e mine. They described ital 
a rare vug-filling min ral, having a radiating mam· 
milJary tructure, who outer urfR.c are generally 
mootb and round d. Th mineral howed a plint~ry 

fracture, and indi v idual plinte1 howed a pri roatic 
struc t ure. Under the mi ·ro cope th fin t fraumco ' 
were birefringent and had an xtinction parallel to the 
pri m edges, but no further indication of its cry tal 
form could be discovered. Its hardn was found to 
be betw~en 5.5 and 6, and it pacific gravity was 
determined as 4.6. I ts lu ter wa ubmetallic, it color 

"Butler, 0. M., op. cit., p. 8. . ;es: .\~ 
"Moore, 0. E ., Preliminary notice or the discovery of a new mmeral spec 

Jour. Sci., 3d ser. , vol. 14, p. 423, 1877. 
"'l'he formula for haumannite Is MnaO• or MnO.MnoOa. . rnsce 11.1.; 
,. Palache, Charles, Contributions to the mineralogy or Franklin Fu ' 

Am. Jour. Sci., 4th ser., vol. 29, pp. 177-187, 1910. . Colo.: All. 
"Ford, W. E ., and Brad ley, W. M ., On hetMrolite from Leadvtlle, 

Jour. Sci., 4th ser., vol. 3n, pp. OO<Hl04, 1913. 
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dark browni h to black, with a bright varni h-like 

t
rior and its treak dark chocolate-brown. It was 

es e ' h l · h d. b infusible but on. c ~rcoa ~vi t o ~um car o?ate ga e 
b characteristLC zmc oxide coatmg and With fluxes 
1 ~e the color reaction indicative of mangane e. It 
g& 

611 
ily di olved in hydrochloric acid, giving off 

~orine gas . In the closed tub~ it yielded wat~r but 
did not give oii oxyg~n. The mdex of refractiOn of 
hetaerolite ,ra determmed by Ford and Bradley to be 
abo>e 1.7 . It wa. determined by E. . La1 en, of 
the united tat Geological urvey, from material 
collected by Loughlin to be 2.19 and 2.22. 

The mineral i of widespread occurrence in the oxi
dized zinc depo it of Leadville, though Loughlin saw 
no ' pecimens equ al in ize to those obtained in one 
part of the Wolftono mine. It was al o found by 
Philip Argall on tho fourth level of tho Tuc on mine, 
filling mall frn tur in mangano iderite, well below 
thele>els where oxidized zinc ore have be n mincd. 28 

The mineral occm roo tly a thin dru y band alon 
oralternating with mith onite around cavitie ; al o 
as fi lling<l of mall fracture , or a linings of fracture 
hat are centrally filled wi h calamine or zinciferous 

clay. It urface may b expo d , or it may be 
romed by calamine druse , the crystals of hetaerolite 
appearing to end abruptly where tho e of calamine 
begin. In orne pecimens mall central lu ter of 
d. tinct hetaerolite cry tal grade outward into black 
stain that pot or mottle a con iderable pal't of the 
brown carbonate ore. This relation lead to the 
• w tion that all the black mangane e oxide tains 
and pots in the zinc carbonate or may be incipient 
segregations of hetaerolite and not of p ilom lane, a 
would at fir t be suppo ed. Wherev r een these 
black stain b ar the ame paragenetic r lations to 
the laler miLh onit an 1 to calamine a th undoubted 
occurren of h ta r lit . Lo ally h ta rolite may be 
them t conspicuou min ral in th or g1vmcr it a 
bl~ck or browni h-bla k lor. In one p imen of 
th charact r fr m the Tuc on min the h taer lite 

' 
C1) .ta l lll'e v ry eli tinct, havincr gr wn ~1long in ter-
seetm~ fractur and incl ing dark-brown oft, arthy 
~term! of low zin ont nt. In oth r p im n of 
nular color the min ra1 i no vi ibl rys talliz d. 

The Tu on p cim n trongly indicate that the 
hetaerolit wa form d by th gr gaLi n of zinc and 
ma ngane c from the rna i e arbono,t or whi h l ft 
8 r iduc COmpo eel larcr ly of iron oxitl . 'l'hi origin 
' also ugg · Led b v ral oth r p imen , orne of 
which contained undoubted h ta rolit and othei~ 
only the black tain . 

In column 1 b low i an anal :r i mad by W. T . 
. hnller 29 of heta rol itc from Franklin Furna e, . J.; 

h
10 columns 2 and 3 ar analv e of th Leadville 
et li J aero te mad , r p ctively, by W. M. Bradl y 30 and -----"SpecJm "Pal hen taken In Juno, 1911, and sent to Loughlin for Identification . 
tp ac e, Cbarlcs, op. cit., p. ISO. 

ord, W. E., and Bradley, W. M. op clt., p . 602. 

by Cha e Palmer, of the 
urvey· and m column 4 

Haigh. 31 

nited tates Geological 
a partial analy i by G. 

Analyses of hetaerolite 

2 3 

49. 13 1 -1s. 9 
5. 50 - -- - - - - -
. 67 5. 9 

37. 66 37. 1 
U ndet. ____ __ _ _ 

2. 91 a 2. 0 

3. 7 4. 7 

99. 65 95. G 

a [nsol u ble . . 

In eli cu ing analy is 2, Ford and Bradley tat 
tha the tru turc of the mineral wa uch a to sug
g t tha the ilica i du o th pre once of calamin , 
and that if o about 10 per cen of calamin is pre -
en - a large amount to e cape d iscov"r-y ; but th y 
thought that the fibrou tructur of the hetaerolite 
might well con eal thi amount. By recalculation 
with allowance for the calamin , analy i 2 i fQund 
to correspond clo ely to the formula 2Zn0.2Mn203.H20. 
Recalculation of analyni 1, including H 20 but not iO~, 
yielded th arne formula, whi h Ford and Bracll y 
conclude hould be the formula for h ta rolite, in tead 
of ZnO.Mn20 3 a tated by Moor and later by Pa
lachc; but they add that "it may be that he exact 
compo ition of hetaerolite an not be ettlcd until 
purer material can be analyzed. " 

The be t p cimen collected by Louahlin how the 
hetaerolite to b a eli tinctly arlier growtli than cala
mine and tho pure t material , wh n en "hed ·o a fin 
powder and examined under the micro cope, gave no 
indication of a! amine eYen fine ' PC ks of which hould 
bo a ily di tincrui hable from hetaerolitc. hemical 
analy~ i ( olumn 3 in the pr ding table) hows i 
ho"· >er, to be practi all· id ntical wi th the material 
anal ·z d by Bradley (column 2). G. M. Butler 32 ha 
expre::s d th onv-i tion that the ili a i an ~ ential 
con titucnt of the mineral but ha not ucrcre ted a cor
r pon iina formula. c erthelc -, th fact that ili a 
and the ex f ZnO over hat n ce ary for the ratio 
2Zn0.2Mn20 3.H 20 are in the sam e ratio as in alamine 
i c rtainly ianificant althoucrh jus what the signifi
can 1 mu t f r th pr ent b left to peculation. 

JL\LCOPHA"NITE 

halcop11anite, lik hett1erolite, i a mangan e-zinc 
oxide, with the formula (Mn,Zn)0.2Mn02.2H20 , con
taining about 21 p r cent of zinc oxid .33 It i clo ely 

ll llalgh, 0 ., partial analysis quoted by Ford and Bradley. 
11 Written communication. 
u Dana, J.D., ysteru of mineralogy, 6tb ed., p . 250. 
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associated with hetaerolite, both at Franklin Furnfl.ce, 
N.J. , and at Leadville, Colo. It differs from hetaera
lite in certain physical and chemical properties. In 
some specimens collected by Loughlin at Leadville it 
forms druses of minu te tabular crystals of the rhom
bohedral system, cofl.ting botryoidal surfaces and filling 
cracks in hetaeroli te. In others it forms foliated cru ts 
coating brown smithsonite and covered in turn by cal
amine druse . ( ee pl. 49, 0.) Dana states that it 
also forms stalactitic and plumo e aggregate . It 
hardnes , as given by Dana, i only 2.5; its specific 
gravity 3.91. Its luster is metallic and brilliant, its 
color bluish black to iron-black; and its streak choco
late-brown. In the closed tube it giv off water a.nd 
oxygen and exf<tliates slowly, and its color changes to 
a golden bronze. Before the blowpipe a similar 
change of color takes place, accompanied by light 
fusion on thin edges, and it is this bronzy appearance 
that has given rise to the mineral name. 

Since the above paragraph was written specimens of 
Leadville chalcophanite collected by F. B. Laney have 
been studied by Ford,S4 whose description verifies the 
properties above mentioned. He found that very thin 
plates under the microscope are sufficiently transpar..: 
ent to give a negative uniaxial interference figure. 

ZINCIFEROUS CLAY 

Three varieties of zinciferous clay have been recog
nized in the Leadville mines-white, brown, and black. 
The white and brown are the mo t abundant. The 
white clay (pl. 51, A) is very similar in appearance to 
kaolin and is one of the material included under the 
local name "Chine e talc." The fresh material, how
ever, is harder (about 3) and of more waxy luster than 
kaolin and does not slake or become plastic even when 
immersed in wat.er for several day . I ts fracture is 
conchoidal. Weathered or leA.Ched por tions of it are 
of earthy appearance and slake readily in water. It 
has been found at the base of porphyry sheets_in the 
Waterloo 35 and ew Dome mines, forming in the lat
ter a la.yer 1 to 2 feet thick that separates the sill from 
an underlying body of reddish-brown zinc carbonate 

(

ore. It has also been found in the Yankee Doodle 
~ine, where it forms a layer about 2 feet thick imme
diately beneath a thin bed of silicified shale. These 
occurrences are of sufficient size to be called small ore 
bodies. Here and there are fissure deposits and small 
patches and cavity fillings of clay in the zinc carbon
ate ore bodies. 

One specimen found on the New Discovery dump 
contains calamine veinlets, locally expanded into drusy 
vugs, so distribut~d as to suggest that the calamine 

II Ford, W. E., Mineralogical notes: .Am. Jour. Sci ., 4th ser., vol. 38, p. 502, 1914. 
,. Emmons, S. F., Geology and mining industry of Leadville, Colo.; u. S. Oeol. 

Survey Mon. 12, p. 560, 1886. Hillebrand, W. F ., idem, p . 605. 

was formed in shrinkage cracks from material extracted 
from the clay. 

nder the microscope the clay from the Yank 
Doodle appears as an in terlocking aggregate of minu~ 
fibers, of pale-brown color, nonpleochroic, with rath e 
trong birefringence and positive elongation. Its m~r 

index of refraction is a little above 1.58. The genera~ 
appearance of the fibers is very similar to that of eri
cite fibe1 . Clay of similar mega copic appearance 
from a pronounced fi sure in the Maid of Erin mine' 
has optical properties more like those of kaolin, bein~ 
traversed by a network of sericite-like fibers of high; 
birefringence and containing a few small calamine 
crystals. These feature , together with the relatively 
low specific gravity of the material, suggest that it is 
kaolin containing a small percentage of zinc, mo tJy 
in the form of the sericite-like mineral. 

The brown variety i more widely distributed but is 
nearly all limited to small deposits, uch as the light. 
brown seams along bedding and joint planes and a few 
cavity fillings. Those along bedding and joint planes 
are of bright waxy luster and of uniform dense texture 
(pl. 51, B ); ho e filling vugs are of more or les waxy 
luster and may have a pronoun ed finely banded truc
ture (pl. 51, E), trongly resembling that of a edi· 
mentary clay. Both varieties slake rapidly in water 
but lack the high degree of plasticity so characteristic 
of ordinary clay . The bright waxy material slake:; 
into small chips or plinte1 but does not becomeplas· 
tic; material somewhat oft ened and dulled byweath· 
ering has a tendency to become plastic but lacks the 
stickine s of ordinary clay, as well a the characteristic 
odor. 

An exceptional occurrence of the brown variety,suffi· 
ciently large to be called a mall ore body, wa seen 
in the Belgian mine (F enton's lea e in 1913), replacing 
limestone along fis ures ju t beneath a sheet of Gray 
porphyry. It was identical in appearance with low· 
grade zinc carbonate ore but yielded no eiferv cence 
when immersed in hydrochloric acid. In thin section 
it was found to consi t of aggregates of the minutely 
fibrous sericite-like mineral, more or less tained and 
obscured by iron and manganese oxides. Micro copic 
vugs contained growths of the same mineral with radial 
arrangement around the borders. The larger of these 
vug , or local enlargements of veinlets, contain cala· 
mine and the sericite-like· mineral so intimately mixed 
as to indicate that the two· must have grown at the 
same time, though the sericite-like mineral evidently 
began :first, giving rise to the radial borders. n was 
traversed by many short veinlets of calamine with 
black borders of manganese oxide. Other manganese 
spots and streaks were a.lso present. 

A partial analysis by R. C. Wells shows the presence 
of 17.8 per cent of insoluble matter and 18.7 per cenL 
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f zinc oxide (or 15 per cent of zinc). The remainder, 
~shown by qualitative tests, contained a l~rge am~unt 
f iron oxide and small amounts of magnesia and lime. 
~he insoluble matter doubtless indicates the amount of 
silica in the sericite-like mineral, or zinciferous clay. 
The zinc oxide represents a little calamine as well as 
thesericite-like mineral. The material evidently con
ist essentially of zinciferou clay, iron oxide, a little 

calamine, and a little manganese oxide. 
The black variety wa.s noted in conspicuous amount 

only at one place, where the white clay in the Yankee 
Doodle mine was locally stained by mangane e oxide. 

The chemical compo ition of the zinciferous clays is 
shown by the following analyses. 

Analyses of zinciferous clays 

2 3 

i0
2
__ _ _____ 37. 54 35. 97 35. 33 

Al
1
0

3 
______ - 24. 76 . 1 10. 38 

F~03------ - • 64 ---- -- ----------
FeO _------- - -- -- - -- -------- - ---- - --
MgQ_______ . 71 . 0 . 71 
CaO ------- . 63 1. 7 1. 62 
ZnO______ __ 1 . 43 35. 40 33. 05 
PbO ________ ------------------- - - - --
1 a,o______ _ . 36 ---- - - ----------K,o_______ _ . o6 _______ _________ 

1 H10+------ an. 07 a7. 20 a7. 42 
H,O- ------ 5. 03 10. 26 11. 64 I co, _______________________________ _ 
P,01-------- -------- _____ --- ----- - - _ 

100. 10 I 100. 31 100. 15

1 

Zn _________ ___ _____ . _______ ________ _ 

35. 57 
10. 0 

. 40 
ndet. 

. 2 

.4 
31. 49 

one. 
Undet. 
Undet. 

6. 32 
Undet. 
None. 

Undet. 

5 

36. 49 
7. 06 
2. 4 

Undet. 
. 97 

1. 44 
33. 46 

Undet. 
Undet. 
Undet. 

7.06 
Undet. 
Undet. 
Undet. 

. 99 
26. 88 

•Hillebrand's analysis as tabulated gave only total water, but the amount or 
hygroscopic \>Bier in each analysis is stated in the text (op. cit., p . 605). 

I By comparison with ana lyses 1, 2, and 3, the deficiency appears to be chiefly 
hygroscopic water. 

1, 2, 3. "Alteration product of porphyry," Lower Waterloo 
mine. W. F. Hillebrand, analy t. U. . Geol. urvey Mon. 
12, p. 603, 1 6. 

4. White zinciferous clay, Yankee Doodle mine. George 
teiger, analy t. 
5. Brown zincif rous clay, ew Discovery mine. George 

teiger, a.na.lyst. 

The first thr e anal e repre ent mat rial obtained 
directly under porphyry; the fourth repre ent the 
Yankee Doodle d po it, beneath a ilicifi. d shaly b d; 
the filth repre nts the brown, finely banded typ . In 
spite of variations in the mode of occurrence and ap
poarance, the five analy es are very similar to one 
another in many re pects, but attempts to calculate 
the mineral compo ition of the ore yield varying and 
only in con lu i ve results. TheY ankee Doodle mate
rial (No. 4), after kaolin and calamine are calculated, 
has still an e ce s of silica and zinc, the molecular 
proportion of the former being a little more than double 
that of the latter. In the brown banded variety (No. 
5) the alumina and all the zinc can be as igned to kao-

lin and calamine, respectiv ly, leaving an exces of sil
ica and combined water in the approximate ratio of 
11 to 2. Attempts to find some definite relations 
between certain constituents by plotting their percent
ages on a diagram (fig. 49) do not gi e ery definite 
evidence, except that the percentage of zinc oxide 
( ZnO) varies inversely as that of alumina (AlzOs) . The 
birefringence of the clays bows that crystalline matter 
is pre ent, and it may be suggested that they contain 
kaolin or some closely related aluminum sili ate, its. 
optical properties changed by dis olved impuritie ,. 
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FIGURE 49.-Percentages of constituents i.n zinciferous clays, arranged in order or· 
increasing alumina. See table on this page 

but if it were sugge ted that such an aluminum sili
cate held the other constituents in solid solution, it 
would be necessary to assume that one molecule of it 
could hold in solution several molecules of each of the· 
other substance -a que tionable property. The low
grade clays, furthermore, show in thin section that the 
more highly birefringent mineral forms a network 
impregnating a mass whose optical properties are like 
those of chalcedonic silica and kaolin. If the highly· 
birefringent portion could be analyzed separately it 
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would probably how a high a ratio of zinc oxide to 
alumina a the high-grade lays. The fact that the per
centage of zinc oxide varie inversely a t.he percent
age of alumina uggests replacement by zin of alu
minum. The low-grade deposits indicate that such 
r placement has occurred in clays pr viously clepo -
ited, but at l a t some of Lhe high-grade cla indicate 
that zinc has taken the place of aluminum in olution 
and that the zin ifcrou cia) ha resulted from dir ct 
hemical precipitation. 

Whatever its true nature, the zin iferou clay ha 
certain relntion to definite minerals, a i h wn b its 
contemporaneous deposition with calamine, d cribed 
on pag 160 . Thi relation may ugg t that when 
zin · i abo' a certain ratio to alumina it exces 
may cry tallize a calamine, but analy · of Mi ouri 
"tallow clay " 36 hardly b ar out th i ugge tion. Tho 
veinloLs and pock ts of calamin in the clay, mentioned 
on page 160, ugg t thatunderfavorablecondition the 
clays that ' ere formed fir t may later eparate into 
calamin , ilica and kaolin, the ilica and kaolin re
maining as ami ro opic mixture. The fact that zin 
and silica, in the ab ence of alumina, crystallize readily 
as calamine and opal or halcedony or quartz i demon-
trated by the intimate a ociation of the e min rals 

in everal pia in the Leadville eli trict. The pre -
ence of alumina therefore eem the critical factor in 
cau ing the dcpo ition of the clays in tead of calamine 
and other eli tinct mineral . 

GO LARITE 

Go la.rite (Zn 04 +7H2 0 ), a ociated with other 
soluble sulphates, particularly ep omite, forms white 
coatings of fibrou rna o along the walls of mine 
working . It repre ents the zinc leached from ul
phidc ore bodies by clescendina w·ater~ that have evap
orated on r aching openings where air is circulating. 

LEAD MINERALS 

IN THE SULPHinE ZONE 

GALE~ A 

Galena (Pb ) occur~ in large amount in the unoxi
dized portion of the blanket ore bodi s, although it 
i not o wide pread a py-rite or phalerite. Like 
both pyrite and phalerite, it forms orne ma e in 
which other ulphid are very scarce or ab ent, but 
more commonly it is mingl d with pyrite and sphal
erite (pl. 31, A) in varying amount. It occurs in 
great t abundanc in the we tern portion of the eli -
trict. In the lode galena is abundant at some places 
and entirely lacking at others, but on the whole it i 
a minor con tituent of the ores shipped. 

Galena occur mo tly in granular masses, and to a 
minor xtent a well-developed crystals lining cavities. 

~< Seamon, W. B., The zincirerous clays or southwest Missouri and a theory as 
to the growth or calamine or that section : Am. Jour. Sci., 3d ser., vol. 39, pp. 38-4.2, 
J 90. 

The rna ive galena . on i t of irregular grain with. 
out cry .tal boundane 

1
, andWhthe izes of the compo. 

n nt grams vary gr at y . ere th galena is p 
1 

. . 
1 

. ure 
the larg t crysta at tam an me 1m. diam ter. More 
commonly, how ver, they are on -c1ghth inch or les 
In the finer-grained ari tic of mix d oros galen· 
occw·s catter d through the ma in minute grain a 
but pure fin -grained ma o , known a. tcel galena' 
have not b on ob rvod by the writ r in the Lead~ 
vill di trict, nor hav any occurren e be n noted in 
which twinning tructur has b on cl velopcd in the 
galena by pr ure. 

Large fractures lin cl with gal no, cr tals were ob
ervecl in the Moy r, Tu on . Y. and Minnie, Wolf. 

tone, and many oth r min . Where tho incru ting 
galena ry tal are large-that i , from three-fourths 
in h to 2 inch in diam r- · th~ir urfac are usually 
dull an l how there ults of oLchmg by round waters. 
Thin cru of mixed carbonat ver the faces of 
many of the crystal . Th e r r tals are usually 
cube modified by the tnh clr n. Twin cry tals are 
fr quently en. 

nother vari ty of aalena in pe uliar ry tal form 
occurs in con iderablo quantity in nearly all the min 

1 

and is pe ially nbundant in t.h mine of Iron and 
Carbonate hill and Graham Park. The ry tal are 
brilliant and in plac occur in gr u,t profu ion as 
linings in the caviti of th ore (pl . 47, B, and 4 1 

E) . Many of th ubes are twinned, and orne of 
their face are built up by p uliar round d irregular 
and incomplete accretion . Many of th e accr tions 
con ist of mall rand smaller uperpo eel layers (A, pl. 
4 , E). Thes layers are imilar in origin to tho e 
givina the "Gothic window ' effect to pyTite cry tals 
(p. 151 ). omo portion of the cry~ tals, u ually on the 
under ·i<l next to the wall on which they are 
attached, are round d and irregular re mbling semi· 
fu eel material. Thi appearan e i not du to fu ion, 
howev r but may be interpr t d n a ariation of the 
accretionary arowth ju t de cribed, in which the 
decrea ing ize of the ucc iv la ers i o gradual 
that. no lines of clivi ion can bo en b tween them. 

An unu ual occurrence of dru y and talactitic galena 
wa noted on the ixth level of the Tu on mine. This 
galena had grown upon zinc bl nde ry tals in vugs in 
ulphide ore along the hanging wall of the Tucson fault. 

The stalactite were a much a half an inch in length 
and were eli tinctly later than the blonde or the few 
crystals of chalcopyrite that accompanied it. The 
galena was coated with a dusty film that may hare 
beenargentite,astheoreatthispla ea. ay d Oounces 
to the ton in il ver. Thi occurrenc of galena sugg . I 
secondary origin, but it i impos ible to eli tingUJsh 
sharply between primary (hypoa ne) and secondary 
(supergene) galena for the other forms of galena, a 
well as the stalactite , have cry tallized on the whole 
later than the blende and other sulphides. The mode 
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f occurrence of the stalactites, however, accords wi th 
other ob erved occurrence and experiments that hav 
~een discussed by W . H . Emmon ,37 in showing tha 
econdtHY galena may' be d po ited on blende or pyrite, 

wherea econdary il:'er s ulphide may be depo ited on 
ualenn , blende, or pyn te . 
" Analy e of the ore appear to indicate that nearly 
all the gal na in Leadville contain an timony. It i 
probable that some bismu th i also pre ent in thi 

01ineral. 
Althouah frequently found in tersecting other 

phidc , the. galena i believ.ed to b~, wi th the rare 
excepLion J u t noted, a pnmary m1n ral. Nodule 
of it are cattered through the oxidized ore, where i t 
hll been the la t mineral to yield to complete oxidation. 
' uch nodule us ually carry a higher proportion of iJ
rer than the gal na found in the di ·tinctivel r primary 
zone. All the ga lena in the L e.a dville el i tri c carri d 
ilver,·and al though the ratio of ilver to lead i ft1.r 

from constan t, the proportion of iJver is usuall y great r 
in the gal na than in pyrite and phal rite. 

'fhe tudie made by Laney indicate that the il ver 
is pre ent in argentit inclo ed in or in ergrown with 
ualena. o outward char:.1.cteri tics di tingui h the 
galena high in il r fr m t.hat which i low in ilver. 
A ful ler discu ion of th ilver conten t of galena will 
be found on page 167, 170, and 19 . 

IN THE OXIDIZED ZONE 

Ml::-li M 

Minium (Ph30 4), the e q uioxide of lead , occurs in 
many of the oxidized or of tho di tri t, pecially in 
tho e which have r ulted from the oxidation of sul
phid that contained large proportion of galena. I t 1 

occm" inL rmingl d wi th ecru ito and iron oxid and 
in place in 1 c mall r idual pa1ti 1 of galena. I t 
ha b n found in n number of mine , notably in th 
Rock, D m , and B i Wilgu min ~ on Ro k Hill 
and it i probably mmon el wh r , though no puh-
li heel r por on it IH a ailable. A p imen from 
the Rock min ' a d rib d in 1 90 b J. D. Haw
kin ,S of the Glob m lting R fining 

The min rnl was found b t ween t wo I dges of outcropping 
rock, one of porphyry and the other of lim ton , th ore of the 
mine being carl onate of lead, wi h occasional occu rren es of 
galenite. The minium do not o cur a a olid ma bu i • 
inter pcrsed with c ru i , and lo e exam inat ion al o how d 
mall particles of gal ni tc o cu rring wi th th ceru ite. The 

galenite found in the a nal y is, however, i not thi . The ample 
taken for analy i wa a very carefully pick d one, a lump of 
the min era l being broken up, and t he red particles of minium 
alone beihg taken. Thi ample wa again car fully pick d 
·over in order to in ure t h absence of anything els than the 
pure mineral. The analy i gave t h following re ult : 

-- --- - -------
11 Emmons, W. H., The enrichment of su lphide oros: . . Oeol. Sur vey Bul l. 

~29, PP. 4- 0, 1913; The enrichment of ore deposits: U.S. Oool. Survey Bull . 625, 
PP. I37-140, 1917. 
"Hawkins, J.D., Mi nium from Leadville: Am . Jour. Sci., 3d ser., ,·ol. 39, pp. 

-12~3. 1890. 
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From t he cub ical fracture of the mioium, resembling that of 
galenite, and the occurrence of galenit in the red minium, it 
would appear t hat the minium here i a p eudomorph a fter 
galenite. The vanadic oxide which was found in the m ineral 
no doubt ex i ted a vanadinite, \vhi ·h ha.· been frequently found 
in Leadville. 

The occurrence of su lphide of I ad in th pu re mineral is 
rather r markable and a l o sugge tive. Externa!Jy the parti le 
of minium howed no evidence of the pre once of any other 
mineral; it wa not until the powdered m ineral had b en 
t reated with hydrochloric acid and aU P bO dis olved t hat the 
galen ite could be ob erved. Thi eem to be conclu h· ev i
dence that the minium in t hi ca e wa a direct alt ration from 
gal nite. like ded uction i forced a regard th plattneri te 
lately found in the Co ur d ' AI ne Mountain , Idaho, where all 
the lead ore i ulphide. 

LITHARGE (:\IA I OT) 

Li harae (P bO) occm h er and th rein the more 
och rou varietie of oxidized lead ores in the form 
of a light-yello i h a.rthy materi al. I t ha no t be o 
definitely ideotifi d by the writer but is mentioned 
by Emmon in the Leadvjllc monograph, page 376. 
Litharge may be readily eli t iogui h ed from minium 
by its differen e in color. N ei th r of th e oxide i 
of commercial importance in the di trict, although 
th y ma be mor abundant in th arthy ore than 
it would be pos ible to prove without th a id of 
compl te analy e . 

ER . ITE 

ru it (Pb 0 3) form one of th mo t wide pr ad 
and ommercially important of th mineral of the 
oxidized lead or . By far th large t porbon of the 
1 ad in the oxidiz d zone i in thi mineral. It occur 
in ar at t abund anc in blank t depo its but i al o 
pre eot in ar ater or lc quan itie in tho e part of 
the lode whi h originally carri d con id rable galena. 
I t i a prominent minor coo tituent of mixed sulphide 
from which zinc bl nde ha been i ached and in' hich 
PFi e ha b n tarni hed or oated with chal ocit . 
In or of this kind the ceru. ite fill cracks and inter-
tice and ha clearly b een depo ited from d sc nding 
olu tion in contra t o the great bulk of ceru ite, 

whi h ha formed by the oxidation of gal na without 
notic abl miaration . 

There ar f w min in the Leadville ell trict which 
do not con tain at lea t a mall por tion of thi mineral 
in their oxidiz d ore , e p cially the iron and man
gao o" ide , in which the cry tal may be visible or 
may be detected only by chemical analy is. Cerusite 
occur in thr e ·well-recogoiz d forms- as large cry -
tal ; a aggreaate of mall rysta.l generally loosely 
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bound together and known as and carbonate; and 
irregularly disseminated in rna es of den e silica, 
which are usually termed hard carbonate. The large 
crystals of ceru ite are found eith r embedded in man
gane e and iron oxides or in clay, ar~d occur at many 
places as radiating clusters or as dru y linings in 
cavities in the harder ore . Some crystal are white 
and glas y; other are di colored by minute inclusion 
of darker min rals, som of which have been proved 
to be the ilvcr sulphide argentite. Occasionally 
minute crystalline specks of silver chloride are found 
coating the cry al of ceru ite . It hns been shown by 
many assays and analyses of the Leadville cerusite 
that thi mineral always carrie a little ilver, which 1 

is generally believ d to be present either in the form 
of minute argentite inclusions or minute scattered 
specks of chloride or bromide. 

Large crystals of cerusite were found frequ en tly in 
the ores worked in the arly development of the 
district. As the work done by the writers was confined 
largely to the sulphide depo its and to those port ions 
of the oxidized ores which were of lower grade in both 
lead and silver, the only pecimen which they observed 
were those preserved in the many private collection 
in Leadville. There are numerous cavities in the 
galena which are lined with large transparent crystals 
of cerusite having the form of long prisms capped by 
the pyramid. 

11 and carbonates" and 11 hard carbonate" ru·e de
scribed under "Qxidized lead ore " (pp. 227- 230) . 

ANGLE ITE 

In the irregular nodule of galena. found in the oxi
dized ores the galena is u ually urrounded by a thin 
crust made up mostly of angle i te (Pb 0 4). From 
this occurrence it i inf rred by Emmons that the 
alteration of the galena pa ed first through sulphate 
and then into carbonate. This inference i in accord 
with ob erva.tion by Weed and others in regard to 
the manner in which galena is altered by oxidizing 
waters. 

LA A.RKITE 

Masses of dull blackish " bismuthiferous lanarkite, 
or sulpha to-carbonate oflead and bismuth," are report
ed by Guyard 89 to have been found in the Florence 
mine, presumably as an oxidation product of "schap
bachite," but no occurrences of this sort have been 
seen by the writers, and no other record of the occur
rence of this mineral ha.s been found in the literature. 
According to Dana's 11 ystem of mineralogy" lanarkite 
is a basic sulphate of lead (Pb2S05 or Pb 0 4.Pb0). 

OA.LEDONITE 

The bluish-green mineral caledonite [(PbCu)2(0H)2 

SO,] is reported from the Lilian mine, on Printer Boy 

• U.S. Oeol. Survey Mon. 12, p. 616,1886. 

Hill, by Dana,40 but no full de cription of it ha been 
found in the li terature. 

WULFE ITE 

Molybdenum has been detected by analy is in. ev. 
eral of the sulphide or of the Leadville district, and 
it i natural that the oxidation product wulfenite 
(PbMo04) should be found occa ionally in the oxidized 
ores. Itha not been een by the writer::s, althoughin 
the Leadville monograph Emmon mentions its occur. 
t·ence, and it i reported by Guyard to ha e been found 
in the Lit tle Chi f mine. Th mineral i evidently rare 
and of no commercial importan e in thi dt trict. 

DE OLOIZITE OR DE TIE ITE 

A vanadate of lead and zinc occu in small quanti
tie a a deep brick-red coating on iliceous gan11ue in 
the oxidized ores. Ri ketts 41 m ntions urfac 6 
inches or more across which are ompletely covered 
by it. It is of no commercial importanc . Dechenite 
(Pb (Zn)O.V20 5), the anhydrou vanadate, has beon re
ported, but Dana H sugge ts that the mineral so called 
i probably de cloizite (4Pb(Zn)0 . 20 5.H20 ), the 
hydrous vanadate. 

VANADINITE 

Vanadinite [(PbCl)Pb.VsOt2] ha not been ob erved 
in the Leadville di trict by Lhe writer , but it wa 
reported by J. D. Hawkin , of the Globe melting & 
R efining Co.,•3 to have been frequently found at Lead
ville. It was believed by him likewi e to be present 
in the minium which wa found in the R ock mine. 
Vanadium is frequently found in the oxidized ores of 
the Leadville district, and its presence would probably 
have been likewise detected in the sulphide ores had 
te ever been made for it. It i po ible that orne 
of the greeni h hexagonal crystals that have been 
reported as pyromorphite may have actually been 
vanadinite. The similarity between the two mineral 
renders their di tinctiOn wi thout careful tests some· 
what difficult. 

PYROMORPHITE 

Pyromorphite [(PbCl) Pb,P80 12] occurs in consider· 
able quantities in nearly all the oxidized lead or 
of the district. In some places it is easily ob erved 
in the hand specimen; in others its pre ence can be 
detected only by analysis, as it is thoroughly mingled 
with the lead carbonate and iron and manganese 
oxides. Many analyses of oxidized ore show consid
erable quantities of pho phorus pen toxide and of 
chlorine, a large part of which, as calculation shows 
must be present in the form of pyromorphite. The 

•• Dana, J.D. and E. S., System of mineralogy, 6th ed., p. 1000, 1009. 
"Op. cit. , p. 29. 
"Dnna, J. D . and E . S., System of mineralogy, 6th ed., p. 790,1909. 
"Am. Jour. Sci. , 3d ser., vo!. 39, p. 43,1890. 
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oa.lttsis quoted on page 155 and that given below 44 

8 J • f illu trate th1s act. 

.4 nalysis of carbonate ore from the Waterloo mine 

PbO ------ - - - - -- - - - 77. 9 
p,Ol --------------- 6. 4 
COt. --- -- - --------- 10. 1 
Cl.----------- ----- . 4 
Ag. -------- - --- -- -- . 0-1.7 

Pyromorphite --------- 3 . 5 
Cerusite -- - ---- ___ ____ 53. 9 
Cotunnite________ _____ 1. 1 
Cerargyrite _ _ _ _ _ _ _ _ _ _ _ . 1 
C02 in gangue_________ 1. 3 

95.527 94.9 

The cotunnite (PbCl2) represent n mall exce of 
ehlorine over the quantity necessary for pyromorphite 
aod cerargyrite. No chloride of lead has been rec
ognized among the ore minerals, and any present is 
evidently in minute grains. 

lender, tapering, yellowi h-green crystals of pyro
morphite, as much as an inch long, are frequently 
found, single and as radiating clusters, in the linings of 
Gavities in the oxidized ores of both blanket ore bodies 
and lode (pl. 4 , B ). Many beautiful specimens of 
this mineral have been obtained from Leadville. 

Pyromorphite was al o observed in the Evening 
tar mine, together with ceru ite, galena, and a little 

calcite, cemonting ·a breccia of ulphide and porphyry .45 

SILICATE OF LEAD 

mall redd ish cry tal from the oxidized ore of cer
tain of the Carbonate Hill. mine were determined by 
Guyard •6 to be a silicate of lead. As he gave no anal
ysis of this materinl the mineral pecies can not be 
definitely tated. No ilicate of lead occurring in red
dish cry:; tal li ted in Dana' " ystemofmin ralogy." 

PLUMBOJARO ITE 

Plumbojarosite (Pb0.3Fe20 3.4 Oz.6H20) , a hydrous 
ba ic ulphatc of lead and ferric iron, wa found in 
1913 in th Yank e D odl mine in the bottom of n,n 
old lead tope, ju t abo e a mall oxidized zin s top . 
It had be n alled' conta t matt r' but wa known to 
contain con iderabl l ad. The min ral oc ur a a 
yell wi h-br \ n , oft, arthy rna , with a rath r hiny 
lu t r and a moothcr fc 1 than i characteristic of 
iron oxide or iron- tained load carbonate. nd r the 
mi ro~rop the material i eu o be en tially homo
ucncou and to on i t of minute grain some of 
which how a partial to compl t ix- ided outline 
under v ry high magnifi ation. It i much finer grain d 
than the mat rial fr m Beaver unty, t.ah, fiO'Ul' d 
by Bu tier. 47 

Mal rial of the am kind wa found under Gray 
porphyry in the Low r Waterloo mine by Ricketts and 
by Emmon during the fu t ur y of the di trict, and 
annlys of it are quot don pt~.g 230. It wa , ho> ever, 
not recognized a a di Lin t mineral peci , owing 

"U.S. Oeol. Survey Mon. 12, p. 599, 1 6. 
" Idem, p. 602. 
"Idem, p . 616. 
"Butter, B.S., Occurrence or complex and little known sulphatesand su lphar

leDatcs as ore minerals in Utah Ecoo. Geology, vol. 8, p. 313, 1913. 

dou btle s to its earthy appearance and closere emblance 
to other materials of varying though similar qualita
tive composition, but was regarded as consisting chiefly 
of a mixture of sulphates . Plumbojarosite was not 
recognized as a distinct species until 1902.48 

In 1919 similar material was found with cerusite 
and remnants of galena in a stope 90 feet above the 
eighth level of the Penrose mine. 

COPPER MINERALS 

HYPOGENE MINERALS 

CHALCOPYRITE 

Chalcopyrite (CuFe 2) is present in comparatively 
small quantity as a primary con tituent of sulphide 
ore and is as ociated with both high-temperature and 
moderate-temperature minerals. In the magnetite 
ores of Breece Hill it accompanies pyrite, the two 
mineral forming irregular patches and streaks that 
ramify through the magnetite. In many of the blanket 
depo its it can not be detected without a micro cope, 
but Laney's studies of poli hed sections of the ul
phide ores have proved that the zinc blende contains 
manyminuteinclu ions of chalcopyrite. Recalculn.tion 
of he chemical analy es of ores given on page 194 and 
197 also indicate that their copper content is due to 
small particles of chalcopyrite. In the vein it i more 
conspicuous, though still the mo t subordinate of the 
common sulphid , and i a ociated with pJTite, to a 
le degree with sphalerite, and here and there with 
gal na. o far as obser ed the chalcopyrite forms 
interstitial irregular grain and small rna es scattered 
among the other sulphide . o well-formed cry tals 
have been found. 

In some places in the veins, and even in the pJTitic 
blanket ore bodies, chalcopyrite forms irr gular streaks 
through the rna sivc pyrite. The e tr aks ar not 
fr<l ture fillings and appear to be a feature of the 
original ore. n UllU ual occurrence of thi kind was 
found on the third level of the Henriett-Maid mine. 
In thi mine a body of ulphidcs extended from the 
Parting quartzite through the White limestone a far 
down a the Lower or ambrian quartzite. The upper 
30 fe et con isted of a mixture of phalerite and pyrite. 
The next 10 to 12 feet con i ted of pyrite containing 
about 30 ounce 01 ilver to the ton. The third layer, 
20 f et thick, con i ted of pyrite containing 15 ounces 
of ilv r to the ton. Beneath thi was a rna s of olid 
pyrite 0 f et thick containing treaks of chalcopyrite 
and a higher silver content than either of the two 
layers above. 

hal op rite was pres n t in the hiO'h-grade ilver 
ores found in the q uartzitc in the lowe t lev ls of the 
Tuc on mine, and was there in part intergrown with 
zinc blende and galena, though for the mo t part it was 
later than the blonde and earlier than the galena. It 

n Hiliebrnnd, W. F., and Penfield, S. L. , Some additions to the aluo.it&-Jnroslt 
group Q( lllinera!S: t\m. JQur. Sci., 4th ser., vol. l4,.p. ~13, l9Q2. 
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is likewise pres nt in much of th ore from he White 
limestone throughout a larae part of the Iron Hill f\.rea. 
Inthe hootsofmixed ulphideore betweenthefourth 
and eighth le el of the Tucson mine chalcopyrite and 
i t alt ration product ar lo alized in tho e parts of 
the Tucson reve1 e fault "here ili eou ' gangue i 
prominent. 

It i li:fficult to determin e conclu ively whether the 
cholcopyrite in th e e place· i all hypog nc or in part 
supergene; bu t no evidence trongly ugg tive of its 
supergene origin ha been found. It i r elatively abun
dant in the lode where descending water hav be n 
active ; but in such places it is o tarni bed ru tore em
ble bornite and i commonly coated with chalcocite. 
El ewhere in the ame lod where there i no evi
dence of alteration by descending water~ chalcopyrite 
is irregularly distributed in th interstice among grains 
of pyrite and zinc blende. It is therefore beli eved that 
the lode was more permeable and ubject to alteration 
where chalcopyrite was abundant rather than that 
both chalcopyrite and chalcocite v er e formed by super
gene water . 

TETRAHED RITE 

The sulphide ores from the Leadville di trict, in 
striking contra t to those from southwestern Colorado 
and many other of the Colorado di. tricts, contain li tle 
tetrahedrite (Cu8 b2 7). The mineral has been ob
served in one of the eins of the Ibex mine in mall 
tetrahedral cry tal , forming dru y lining in vugs in 
pyrite and halcopyri tc. Light-gray mineral r eported 
as tetrlihedrite have been found on Breece Hill in con
siderable quantity, but careful examination ha gen
erally proved that th y are bismu th minerals , either 
kob0llite, lillia.oite, or orne undetermined . ulphide 
containing bi muth and fintimony. For exampl e, 
sp cimeo of suppo ed ara.y copper found in the Ibex 

o. 4 haft proved to con tain high percentage of bi -
muth but no copper. The tetrahedrite hat ha been 
ideo ifi ed i usually rich in ilver and i pre ·umably 
the argeotif rous variety, freibergi te. 

SUPERGENE MINERALS 

THE OXIDIZED ZO E 

N ATIVE COPPER 

Metallic copper i occn ion ally found in he oxidized 
or s, u ually a ociated with clay, and appears to have 
b co precipitated from ulphate solution bv the chem
ical action of the clay. It was found on the fif th level 
of the Ibex mine in branching, inegular rna ses, orne 
of considerable size, ramifying through the moi t pla ·
tic clay. It ha al. o been found a thin flakes in oxi
dized ore , notably in Iron Hill. ~ 9 It has never proved 
of commercial importance. 

--------
"Blow, A. A. , Am. Inst. Min. Eng. Trans., vol. I , p. 168, 1890. 

CHALCANTHITE 

The blue hyd~·ou ulpl:a te of _copper, chalcanthite 
(Cu 0~.5Hz0), 1 found m on 1derable quantity in 
many of th mines of ~he di tri t . . It i u ually found 
in the uppermost portion of ulph1de and par tly oxi
dized ore bodie . Th mineral there o cur::; fl cat
tered fibrous grain minaled with oxide and re idua] 
grain of ulphide. It al o forms talac tite hanoing 
from th roof of clrif nnd tope driven along v:ins. 

Thi min raJ i now formio a in many places, and it 
is probably dcpo ited in workings from which the 
'' ater ha b en larg ly drain ed by artificial m an 
After th water ha b en pump d out of th mine ur: 
face watei pas ing down through th oxidiz d zone 
may becom aturated \ ith copper ulphate and, upon 
reaching an opening wh r they may partly evaporate, 
cl epo it th ulphate. Chalcanthite in commercial 
quanti ty was found in the Ibex min e. (See pp. 260, 
26 .) 

M ALACHITE 

Malachite ( uCOs. u (OH)2) oc ur parinaly in the 
oxidized zone of the Leadville di tri t , being found 
partly a film and cru t in fra tur d porphyry and 
partly mingled with mangan e and iron oxid in the 
upp er portion of th oxi liz d or . It i perhap one 
of he lea t common of the oxidized minerals in t.he 
distri t, and its rari ty i urpri ing in view of the 
abundance of lime tone and the degT to which thi 
ro k ha been p rmeated by oxidizing wat r . 

AZURITE 

The blue ba ic carbonate of co pp r , azuri te ( 2CuCO~. 
Cu (0H)2), i even more un common than malachite. 
It i occa ionally found in mall quantity in the upper
mo t portion of oxidir.ed ore , particularly in the lodes. 
[t occurs very rarely in he blanket or 

CHRYS OC OLLA 

Chrv ocolla (Cu i03.2H20 ), th e hydra cd ilicalcor 
copper, although rare in the Leadville di trict, i more 
common in the oxidized or than th carbonates azu
rite and malachite. It fill irregular avitie in mn " 
of li!llonite and mangane e oxides, where it generally 
ranges from blui h green to de p green. 

I " THE LPHIDE ZO" E 

CHALCOCITE 

Chalcoci te (Cu ) ha never been identified in Lead
ville a a con tituent of th unalt· r ed primary ore, 
but it i one of the mo t con tant con titu nts of the 
enriched sulphide ore , where it. occur in two ways
as a thin ooty film coating cracks and fracture in 
the other sulphides, especially chalcopyrite and pyrite; 
and as a gray metallic-lus tered coating on fngments 
of chalcopyrite and pyrite or a filling in the fractures 
of p:yritic ore. 
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The sooty va.ri ty of halcocite i b far the more 
common. It resembles the black oxide of copper, 
roelaconite or tenorite, but chemical te t verify it 
identity as chalcocite. It i particularlv well d vel
oped in the lode '\here de cending waters have been 
able to penetrate to the greate t depth r ached by 
the mines and have been confined in their action to a 
mall mas of ore. 
It is probable that the larger portion of the copper 

in the ores of the Breece H ill area and in tho e alonu 
the Tucson-Maid faulti pre ent as chalcocite, although 
chalcopyrite al o i an abundant con tituent. 

The mnnner in which the chalcocite occur~ in the 
pyritic or other sulphide or depend upon the num
ber and distribution of the fractures . In ome place 
the entir ma of ore i lightly hatt red and i p r
meated by chalcocit , which not only fill the fracture 
but al o accumulat a coatinu on the walls of vug 
or cavitie in th e original ore. In other place the 
fracture are few and u ually larger. An o currence of 
thi kind wa e n in the third level of the Greenback 
mine, where a flat blanket body of nearly pure pyrit 
wa intersected by narrow vertical veinlet of chal o
cite. The averag content of copper in thi body wa 
0.5 pr.r cent. The increa e in copper i gen rally 
greater where chalcocite i eli s m:inated hroughout 
rna es of pyrite. 

In the lower level of the Penn mine chalcocite 
formed a tringer along the central and mor ca ern
ou paJ·t of the lode. The lode contained per c nt of 
copper in its rich t part and wa worked for copper 
and gold until the chalcocit dimini heel, in depth, to an 
in ignificant quantity. The gold content deer ased 
with that of copper. A imilar occurrence was found 
in one of the v- ein on the tenth level of the Ibex 
mine, whcr th ma:ximum c nt nt of opp r wa 10 
per cent. 

SILVER M INERAL 

TN THE HYPOGENE AND SUP ERGENE SULP HIDE ZONES 

.Uthough prnctically all th ulphid r that occur 
in the L aclvill eli tri t carry gr atcr or l quanti
ti of ilv-er, d finit recognizabl ilv r min ral are 
rare. Th aruen iferot v-ari ty of tctrahcdritc-frei
bwite-and eertain f th rub- ilv-er min ral have 
been foun l but ar care that the mny almo t b 
di regarded. Th int rgrowth of arg ntite bi muth
inite, and gnlcna, f rm rl alled chapba hite, argen
tifcrou lillianit , and argentifcrou kobcllite have 
formed rich or in a f w pla c , a in th l we t I vel 
of the Tu on min · but ' ith the exception th 
ilver i con aled in or am nu th common ulphicle , 

probably in th form of arg ntite. 

ARGE~TITE 

Argentite (Ag2 ) i rar ly if v r vi ible in th om
moo ulphid ore of the di tri t, although it i doubt-

• 

le pre ent in clo e a ociation with ualena and with 
pyrite in the pyt itic and siliceou ilver ore .50 It i 
found in con iderable quanti ty, ho'' ever, in th ri ch 
silver-hi. muth ore such as was mined from larg cav
ities in the Cambrian quartzite in tho Tu on mine. 
There it i micro copically intergrown with bi. muth
inite and gal na, in an outer cru t an in h or more 
thick covering an inner cru t of oar -grained galena, 
which in turn covers a. mixture of zinc bl nd and 
pyrite. The outer cru t and in plac the inner cru t 
have a . pongy app ara.nc . 

Argentite also occur~ in the oxidiz lore a minute 
pecks in erusite whi h produce a dark eli coloration 

and ac ount in some dcur~e for th ilver content of 
lead carbonate ore. Argentit i al o report d by 
Blow as present in the r esidual noclul of ual na that 
occur in the lowermo t portion of the oxidized zone 
on Iron Hill. 

IN THE OXIDI ZED ZONE 

HLORIDE , BR0"1IDE , AND IODIDE 

ilver in the form of bromide hl01·ide and to a 
mall extent iodid i pres nt in the oxidized ore 

throughout the di trict. Locally the e mineral are 
vi ible, but for the most part th yare micro copic and 
their presence i eli do eel b chemical analy is . The 
material termed "cbloricl and bromide " by min r 
u uall con i ts largely of yellowi h ba ic ferri ul
phate and gr en or blue film. of copper carbonate 
accompanied by nough micro opic ilver chloro
bromide to yield high a ay". Th prevailing ari tie 
are the green chlorobromide embolite [ g(BrCl)] and 
th olorle chloride cerargyrite (AgCl), each of 
which ontain a very mall amount of the iodide 
mole ul . Emmon tated that the chlori elide wa 
al o pre nt in 10 quantity and mention d minute 
yellow ry tal of the iodid iod}Tite (Agi ), in the 

hP olite mine. Brilliant yellowi h cr r tal along 
joints in lead cttrbonat ore were found in the~ eldon 
min but not analyzed. A no R !ditional noteworthy 
dn ta on the mineral w re obtain d durinu the cond 
un·ey the f llowing parauraphs mbody th de crip

tions of Emmon Hillebrand, and Guyard in the 
Lradv-ill monograph 51 and of Ricketts in hi tudy of 
the or .u2 

The mineral ombolite i invariably light gre ni h 
oft, and ectil and doe not change color on expo ur 

to light. It occu1 in cale and plat , as ingle 
grain or agon'gate of uch urain , and a rough crys
talline oatin on the wall of crevice . Th crys
tallin tructure can be en through a magnifying 

"" issen and Hoyt (Econ. Geology, vol. 10, pp. 172- 179, 1915) ba,•e shown that 
Ute silver in argentiferous galena is usually present as microscopic argentite, 
though it mny Ill o occur as tetrahedrite or nati\·e metal. See also Finlayson, 
A.M., Ecoo. Geology, vol. 5, p. 727, 1910. 

•t . . Oeol. urvey Moo. 12, pp. 376, 54 - 549, 600-601, 6I!t-620, I 6. 
" Ricketts, L . D., The or or Leadville, pp. 27, 30- , Princeton, I . 
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It is pre ent in ore of everal varieties-hard ilice. ous sulphide ' where it ht pr ?ably been precipitated b 
d reaction between tho ulphrdes and de cendin!l: \Val·rsy. matter with numerous intersecting joints an creviCI'.S, v 1.1) 

yellow basic iron sulphates, granular lead arbonat~, The wires are generally ~all, ~ut. some attain lengths 
and locally lumps of decompo ing galena. Spe r- of half an inch or mor '.wlth stn~t.10ns parallel to their 
men of carbonate of lead have frequently been found elongation. ome s~ mm n. 0~ sihc~ous ore are formed 
containing 5 to 10 per cent of ilver, largely present as of blui h ca rnou Ja perord 10 whrch plates of native 
chlorobromide. Only a few pounds of such rich ore silver from 3. to 10 millim t 1~ in diameter are pro
have been found at any one place, and rarely do many fu ely di emmated. T~ a ~or ~egree the scaly 
tons from one shoot average more than 100 ounces to silver is partly coated Wlth thm blutsh tarnish, pre
the ton. sumably due to the pre ence of a small portion of 

Lumps of chloride weighing a few ounces ha e fre- sulphide on the outside of the min ral. 
quently been found, but very few have weighed more NATIVE GOLD 
than a pound. Emmons mentioned a mass from the 
Chrysolite mine that weighed more than 100 pounds. 

The three analyses given below illustrate the range 
in chemical composition of typical chloride ores rela
tively free from other minerals. Nos. 1 and 2, from 
the Robert E. Lee and Arnie mines, respectively, rep
resent Lhe pale-green mineral generally called embolite, 
and o. 3, from the Big Pittsburgh mine, represent 
~olorles material that is practically pure cerargyrite. 

Analyses of typical chloride ores 

I 2 3 

1- -- --
-chlorine __ ____ ______ _____ 13. 7 9. 0 99. 925 Bromine ______ _____ ______ 5. 63 9. 99 one . 
Iodine ---------- ------- - . 59 . 21 . 075 

100. 00 100. 00 100. 00 

Equivalent: 
ilver chloride ________ 21. 59 15. 75 99. 966 
ilver bromide _______ 77. 99 4. 09 None. 
il ver iodide _________ . 42 . 16 . 034 

100. 00 100. 00 100. 000 

In analysis 1 the proportion of the chloride to the 
bromide is 4: 11 ; in analy i 2 it is 1:4. In order to 
~etermine the relative proportion of chlorine, bro
mine, and iodine throughout the di trict, Guyttrd ana
lyz d a mixture of the lead fumes collected in the dust 
chambers of eight . melter with the following re ults: 

ilver chloride, 9.10; equ ivalent to chlorine, 2.45. 
ilver bromide, 10.45; equivalent to bromine, 16. 3. 
ilver iodide, 0.45; equivalent to iod ine, 0. 72. 

NATIVE SILVER 

K ativc silver i found at many places in the oxi
dized ore of the Leadville district. Although greatly 
ubordinate to the chlorides, it i much more common 

than wa upposed during the first survey. It is pres
en t in the blanket ores and less abundantly in the 
lode . In a few places it is sufficiently abundant to 
con titute the principal s ilver-bearing mineral of the 
ore. 

The native silver occurs both a wire silver and as 
small plates, scale , or flakes , scattered through the 
uanuue or country rock. It i found in cavities in 

Native gold has be n found in varying quanti ty in 
many of the Leadville ores. !though mo t of the 
ore cla ed as gold-silver or gold-copper or , whether 
primary or altered, contain gold only in microscopic 
or submicro copic grain , gold in coa e flakes and 
wire ha be n een in the enriched parts of several of 
the lode and clo ely a ociat d blanket ore bodies in 
the ea tern part of the di. trict, notably in the Ibex, 
Garbutt, Winnie-Lu rna, Big Four, Colorado Prince, 
Gr at Hope, Printer Bo , and Lilian (Florence) mines. 

It ha also been found in the original ulphido ore 
of the London mine and other proper tie on the east 
slope of the Mo quito Rang and may therefore be 
expected locally in imilar ore \ ithin th Leadville 
district. No native <TOld ha ever be n ob erved in 
the ore of the Iron Hill or D wn Lown di tricts, mn 
in the famou "gold ore hoot " 53 and Lhe rich gold
ilver ore on the lower lev ls of the Tu on mine. 

In the placers gold wa pr cot a irr gular flakes 
and nuggets. No di t in tly r talline gold ha been 
een or reported from any of the depo it . 

In the Ib x mine gold i report d to hav occurred 
in mu h of th or contai ning onsid r·a.bl 1.in blcnde. 
A. specimen of or een in he office of the Ibex o. 
contain cry tal of pha.lerito oated wiLh films of 
gold. Irvinu noLed ev~rnl imilur occurr nces in the 
Lake City di trict, Colo. A pecimen collected by 
J. W. Furno 51 from a pr poet 10 feet deep about 6 
miles northw t of Alma, at an altitude of 13,000 feet, 
consist of sphalerite, galena and quartz cuttinu 
quartzi te, and the sphal rite contain evcral treaks 
or flakes of gold. Much of Lhc gold lie in leavage 
cracks or uggests an imperf ct zonal arrangement 
parallel to faces of sphaleri te ry tal . 

Wire and leaf gold oc urred very abundantly in a 
seam of sulphide which wa found on the ixLh level 
of the Ibex about 200 feet south of the Big Four 
haft and which was a ociatcd wi th certain highly 

I " siliceo us ore interbedded with black" Weber sha es. 
Some of the riche t ore found in the Ibex mine was 
taken from this locality. The o ·idized iliceou ore 
in one of the s topes abov the hird level of the ume 

.. Blow, A. A., op . cit., p. 168. 
•• Presented to U.S. Geol. ur vey; No. 79 in collection or polished soctionso:ores. 



CLASSIFICATION AND MINERALOGY 169 

. contained a mall but rem arkably rich seam of 
=~enud wire gold mingled ~ith decompo~ed silicified 
fllrphyry. Sixteen ack mmed from th1 earn. car-
ried more tha~ 50 per . nt of gold. In 1:1. • pem~en 
[ro 

1 
this locality, seen m the office of the Ibex Mm

in:co., the gold occur in a scam of compact ja per
'd betwoen lime tone and porphyry. The jasp eroid 

~~ taiued deep brown by iron, ha a conchoidal frac
IUJ'C and contain heets of aold in the joint . orne 
f these sheets are from 1 to 2 inchc aero s . The 
~ld is pure yellow and 0. 60 fin . Anoth r specimen 
~ the company's office, from the ixth lev 1 of the 
Ibex mine, how a large clu tcr of zinc blende and 
p)ritecry tal which form a coating half a? inch thic~ 
Qa a quartz earn. The quartz, partly stam d by oxi
dation, bows many irregular openina whi h contain 
!ree gold, mostly in lona wire· but partlY' in leaf-like 

plat . . . . . 
~ative gold occur a] o m the ox1d1zed zone m orne 

o! the lode that penetrate porphyry. In the No. 7 
~rio of the Ib x mine it oc m on the t nth level, at 
the junction of he oxidized and the . ulphide ore , a 
thin leaves on hcetina plan in the porphyry. It 
formed orne rich ore in the Hahnewald tope. Gold 
has been found abundantly mingled with the oxides 
and to a greater ext nt with the partly oxidized sul
phide in the ou thern part of the Winnie-Luoma lode. 
' me of the ore here ran as high a 100 ounc to the 
ton in gold, and leaf and wire gold occm-r din con id
erable quantity. The blanket or of the Florence 
!Lilian) mine carri J larg quantiti ~ of native leaf 
uold on a narrow contact b tween the limestone and 
theonrlyin<l' White porphyr -. The' contact matter" 
or"vein material'' con i ted of kaolin or a irr...ilar clay in 
which the native gold wa di minated. Gold ttl o 
occurrccl in narr w nm whi h xtcnd d up from th 
contact for 10 f tor mor int th porph:,rry. ]our 
hundred pound of ore fr m on of th o am~ yi ld d 
10,000. mall quantiLi f imiJar rich or or 

"metnlli ' averagina le t.han 1 ton a -eaT, ha e 
been hipp d annually fr m Lh Br ee Hill ar a . (, e 
p. 130.) 

According Lo information obtain d by Emmon 55 

the golcl ·in the rr at Hop min wa found in iron
tained "v irr material and Parting quartzite; but 

the chara ter of Lh material on th clump as well 
the urpri ingly mall thi kn , 60 f t , r p .rted for 
the Blue limo t.one l d him to ugg t that Lbe matrix 
w ja poroid rather than quartzite. sampl taken 
~rom Lh mine b Tom ilroy in 1923 on i ted of 
tron-sLain d ja p roid containin(T a f w isiblc flak 
of gold and a few mall ug lined with p romorphite. 
Theoreproduc din th early day, how vcr, contain d 
~ome very coarse gold. It i aiel that bet' een 400 to 
•OO lon of silic ous gold or a era.ging 1 ~ ounce of 
gold and 4 ounce of ilver to the ton, wa min d at 

-;;s~Survey Mon. ;2,-pp. 600-501,1 6. 

that time, and that one lot of 3 000 pound yielded 31 
ounces of goll to the ton. 

The downward concentration of gold in the lodes 
and related blankets is attributed by W. H. Emmons 5° 

to the presence of considerable manganese in the ore 
and wall r ocks and of alkaline chlorides in the super
gene waters. Reaction between the chloride and 
mangane e oxide, according to this 'iew, liberat cl 
chlorine, which di solved gold and cRrri d it down
ward until it was precipitated by contact with sul
phides particuln.rly sphalerite, or by ferrous sulphat 
or some other precipitating agent in th ground "-ater. 
Where sulphide ore . thus enri heel in gold h.a b een 
later ub jectecl to oxidation the coarse gold hfl 
resisted re- olution to a con ·iderable extent and r -
mained as residual flakes or wires in the oft, iron
stained siliceou gangue. 

This re idual gold i the evident source of h plRGer 
gold in California Gulch and it tributaries. In spit 
of the hort di tance betwe n the placers and their 
ource tho fineness of the gold was con iderabl in

crea eel during the tran for. For example, Emmons 
stated that the placer gold at the mouth of Jugg t 
Gulch wa worth from. 17 to 19 an ounce, 'vher as 
that from the v in in the Printer Boy mine was 
worth only 15 an ounceY As the plac r deposits had 
be n exhausted long beforE:' Emmons fir t visited the 
district, no further details concerning the ph - ical 
characteri tic of the placer gold could be obtained. 

It is significant that California Gulch wa not scoured 
by ice during the last tage of glaciation . Water 
e caping into it from the ide of th I owa Gulch glacier 
at the ea t and west end of Printer Boy Hill aided 
in the removal of fine rock debri and in th con
centration of gold. The ab ence of placer in outh 
Evan Gul h, "-hich wa alacia ted, i ' in marked con
tra t. Material erod d from the gold d po its in the 
northern part of Br ece Hill mu t have been washed 
into that gulch but wa later removed by the glacier . 

N a.tivc gold ha be n found in the "lake beds" and 
in th glacial morain material far out on the ea tern 
lopes of the Arkan a \ alley. Angular native gold 

wa found in a tr n h in u h material in the center of 
ec. 22 T. 9 N. R. 0 W. 

BISMUTH MINERALS 

IN THE SULPHIDE ZONE 

Bl ):1 THINITE 

Bi muth in mall quantitie i a rather con tant con-
tituent of a large part of the ulphide and oxidized 

or of L ead ille. It pr ence i 'hown by the anal
yses of or on page 197 and 230 ( ompare Mon. 12, p. 
606) and in analy es of chamber and flue du t , which 

.. Emmons, W. H ., Am . Inst . Min. Eng. Trans ., YO!. 42, pp. 3-73, 1912. 
" . S. Oeol. Survey Mon. 12, p. 516, 1 6. ' 
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contained from 0.01 to 0.05 per cent- of metalli bi -
ruu th.58 Bi mu hinite (Bi2 3) i th only primar:v 
bi mu th min ral who e id n ii ty ha be n c tabli h d. 
Kobellito, lillianit , and chapbachi te hav al o b en 
r port d , but roo t p cim n that ha e b n tudi d 
hav prov d to be mi roscopic int rgrow th f bis
muthinit and oth r ulphide . ( e pl . 53, A- ). 54, 

, D. ) A f w hav not been ati factorily iden ifi d . 
It i doubtful if bi muthinit ha b n found in the 
ore of Leadvill xcept in th se in tergrow h , or with 
arg ntite, a micro copi inclu ion in gal na . On of 
th s int.ergrowth was found coating other ulphide 
in the rich ilvor or that lin avitio in the Cam
brian quartzite of the Tuc on mine and proved to be 
very similar to the " li llianito" in the Lilian m ine. 
Both of tho o occurren o hav been tudi d by Lan -
and identified a intergrowth of bi muthinite, arg u
ti t , and galena. 

" Kobellito ' from the min of th Lilian Mining 
Co ., Printer Boy Hill wa d cribed by H. F. and 
H. . Koll r. 59 It occur in nodule of variou iz , 
the large t 7 f t in diameter, which are u uall more 
or le oxidized. The fre h material has a fino-grained 

tructure, teel-gray color, and dark streak. Three 
analy es were made, with there ul given in column 
1 to 3, below. 

Analyses of bismuth minerals 

I 1 2 I 3 4 5 6 

B ismuth ___ c 32. 62 33. 31 33. 9 37. 11 11. 6 33. 23 
Lead ______ _ 43. 94 44. 2 44. 03 36. 90 20. 0 4 . 21 
Silver _____ _ 5. 7 5. 49 5. 72 . 5 6. 06 Undet . 
Copper __ ___ Trace. . 03 I Trace. .0 1.7 1. 74 
Zinc _______ 

------- ~ - - - -- --
Trace. .6 --- ----Iron ______ _ - ----- - -- - ---- . 1 20. 6 Trace . 

ulphur ___ _ 15. 21 15. 27 15. 19 15. 1 2 .0 15. 73 
Antimony··- ------- ------ - ----- -- - ---- -- - - - --- - . 24 
Gangue: 

Lime _____ . 15 . 14 . 17 . 03 1.4 -- -----
I~olubl• T ;;~~; -~-; -~~; _

1

_ ;;-;; _

1 

1. 33 6. 0 ---- ---
99. 39 - - - --- - 99. 15 

-
1- 3. "Kobellite" from Lilian mine. 
4. "Lillianite " from Ballard mine, R . C. Well , analy t . 
5. " ilver ore" from Cord mine, collected by Mr. Hartwell, 

manage::. Analysis by J. W. Hawthorne, chemis t of Empire 
Zinc Co., 1923. 

6. Homogeneo11 , fibrous radiating lillianite from Gladham
mer, weden. E. v . Todd, analyst. 

The b i muth d terminations are regarded by the 
authm as omewhat low, and in o . 2 and 3 there 
was probably al o a lo of lead. Th formula derived 
by the Koller from their analy e wa 3Pb + Bi2 3• 

'I hey remark that the mineral i inLero. ting, inasmuch 
a it contain h io-h perceutage of silver, wh rea anti
mony i entirely absent. Kobellite, however, accord
ing to Dana's " y tern of mineralogy," contains anti
mony. In 1 9 H. F. K ell r 00 described under the 
nam kobellite a mineral for which he deduced the for-

OSQ uy'lr-1 , Antony, U . S. Oeol. Survey fon. 12, pp. 712-716, 1 
" Am . Chem. Soc. Jour., vol. 7, p . 7. 
"' Zei tschr. Krist. Min., vol. 17, p . 67, 1 9. 

u F ) (Bi 21~· b,tah '3 · t he clOSe 
thi art.i l h uo-g . t d that. the name lil!ianit ~ 1 

u cl f r th lead-hi mut.h- il r min ral which 0 c 
L ·u . d . CCU!; in tho 1 an mill an onta1n. no antimony. F 

formula 3(Pb g2) ' .Bi2, 3• Itth: 
app a1 that tho o- alled k b lli to from th Lcadn~ 
di tri t i in reali y " JillianiL . " \n analy i of th

1 

" lillian ito" from the BnJ larcl mine by R. . We!~~ 
given in column 4 of the tab! and may b compared 
with th three original anal. · of Lh oro from thi: 
mine in column 1 . to_ : . . . ..,. _r.r imilar anal) ~ ·. 
that of fibrou rad1atJJw JdltamL (:3Pb .. Bi

2 3) from 
Gladhammer , wod n, gi v n in olumn 6. Thi ma. 
terial w xamin d mi ro copically b. Walker ana 
Thomson and f uncl Lo b h~mogon us_. It thu 8~ 
p ar that a omp und f th1 omp ILIOn may ex~t 
butth ' lillianit "fromth typ l ality inthcLead: 
ville eli tri t i a mixture of thr min eral. . 

Th ' hapbachit " of L advill ' hi h al o con
i ts of ulphidc of 1 ad , ilv r , and bi muth and wa; 

report d by Guyard ot to b pr . ent in t.he Florence 
(Lilian ) min , 1 vid ntly, lik lillian it. , ' a mixture 
of ulphid . Th orio-inal spe im n fr m chapbach. 
Bavaria wa o on icl r d by , andb ro- r, 82 and 1 

pecirn n oxamin l byMurd h 03 pr v d to boa mix
tur of two und termin d min raJ . 

imilar material ha b n produ cl fr m the Cord 
min and i r pre ented by anal i 5. Tho pecimen 
analyz d wa pr nt d by Mr. artw 11, manaoer ~ 
theY ork tunn l and r lat cl prop rti . to J. A. Ettlin· 
ger, who examined it micro pi ally and reported no 
vi ible intcrgrowth. It mega pi minora! included 
siderite, pyrite, and chalcopyrit atter d througha 
dark-gray fin -grain d metalli material , which is 1 

mixtur of load, ilver, and bi muth sulphide. It con· 
tained 1 7 3 ounce of ilv r and 0.40 oun e of gold to 
he ton. 

IN THE OXIDIZED ZONE 

Bismutit (Biz03 • 0 2.H 20; exa t compositiondoub · 
ful) wa found by Irving in the high-grad b ismu~ 
ore in the Ballard min , and t of oxidized ores 
prove the pr - nc of bi muth, probably as bi mu ile, 
in overal min . In the Ballard mine bi mutite 
occm in irroo-ular pocket and lens or lenticular 
rna so 6 inches to a foo or more in thicknc , which 
are mingled with a yellow· h , och rous gold or . Tht 
bi muth carbonate i here o. light-gra i h ea rthy mas· 
ive material with a o-r ni h ca t. It i extreme!) 

heavy and i reported by th manao-et to hav yielded 
0 per cent of bismuth. In th laboratory it yielded 
trong t t for bi muth and carbon dioxid but con· 

tained no lead nor other metal . The oxidized ort 
from the F lorence min also c ntained iarg q unnt iliei 
of bi muth, probably in the form of bi mu it . ma~ 

61 U.S. Oeol. Survey Moo. I~. p. 616, 1 6. 
"Sand berger, F. , eues Jahrb., p. 221, I 64. ~If 
•a Murdoch, J. , Microscopical determination of opaque miuerals, p. 

York, 1916. 
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unaltered ker~els of 'lillianTithe' arh·e frequ
1 

ently found 
. the bi mut1t rna c . e c cmlCa test ho,,· 
1~ t tho bi mutitc conlains little or no il"ver. 
t ~annrkite is de cribcd on page 164 und r oxidiz d 
lend mineral . 

ARSENIC MINERALS 

.1_1 enopyritcis de crib don page 151 under iron min
I Native arsenic ism ntioncd by Dana a ha,ing 

~r:n·found in the or depo its of the Leadville reaion, 
b~t this statement ovid en tly refers to a mine:·nl rep?rted 
br Clarence Hersey to have been found m a ·ilv r
g~ld min "5 or. 6 mile we t of ~eadvill . ' The 
a ·enic occurred m nodular concretwnary forms and 
wa 1ery brittl .61 

T NGSTEN MINERALS 

Wolframite and h li te have been found in mall 
cattcrcd amount in the iliceous pyritic aold ore of 

1he outh Ibex to kwork in Breece ill. 65 

Wolframite tends to occur in dull browni h-blaek 
ma e whi h terminate abruptly in the vein against 
pyrite and quartz, or against cheelit . The e 
ma c contain many mall cavitie , where som face 
and anale of wolframite crystals have dcYeloped, but 
the e are gen rally o co rrode d that no adequat idea 
of the cry tal form can be gained. In one pecimen 
howe1er, there i an i o]atetl crystal over half an inch 
lona, projecting into a mall vug. The cry ali of 
fiat, rhombi or wedge- hapetl outline. The broad 
face are tho e of th clinopina oid b {010} a they 
arc parallel to the perfect clevag . The narrow faces 
are the orthopinacoid a {100} n.nd probably the teep 
dome t { 102 }. o other fa e are repre en ted on this 
cry tal. orne fac that are not corroded are rather 
trongly triated, the triations probably lying paral

lello th pri m zone. Th bllrdn i appa.r ntly a 
low as 3, a even ,.]i t nincr urfac are ra ch d by 
calcite. Thi 1 , valu ma b du in part to th 
corro ion of th mineral but ma al o b chara t ri~
tic or the mancrano iuncr~ ta hiibnorit in contra 
to the iron tun,crstat f rb rite, ' ho e hardn is 
gircn by Dana 65a a 5 t 5.5. Th Ju ter, though dull 
for the ma e a a whol i submetaUi on cl a~ag 
urface and uncorrod d ry tal fa Th color, 

thouah prevailinol bro"·ni h bla k, i dark r ddi h on 
thin, tran luc nt 1 avaa flak . · Thin flake under 
the micro cop ar r cl to llow. The treak i 
chocolate-brown to reddi h brown. o quantitative 
analy i of the mineral ha be n mad , but qualitati,
te t provo it to contain on id rable amounts of 
mnn()'ano e and tunO"'ton. 'J'hc e r ult agr e with 
lh low hardn (3) and partial tran par n yin indi
catina that the mineral b lona to the hi.ibnerite or 
mnnganc e tuncrstate part of the wolfrnmitc P.ri 

:A~. Jour. Sci., 3d sor., vol. 39, p. 161, 1 90. . 
FJtch, R. S., and Loughlin, 0. ~' .. \\" ollrnmileandscho lito at Lcndv•lle Colo.: 

Eooo. Ocolog}·, vol. 2, pp. 30-36, 1916. 
"• Dana, E. S., System or mloeralogy, 6th cd., p. P 

contra ted with fe.rberite , th iron tungstnte, which 
i harder (5) and opaque.65b 

1'hc >~olframite ma se contain numerou mall 
grain of pyrite, ome of which aTe intimately inter
gr wn with \\·olframite. The intergrowth onsist of 
hlad d or tabular individual of wolframite in di,erg
ing group and eparat~d on from another by thin 
larers of p)Tite. Wolframi te compri e two-third to 
three-fomth of the interar wth. Wolframit i aL o 
int rgrO\\"n on a mall calc with s h clit in the en
tral parts of certain chcelite crystal . 

The chcclite occurs in localiz d aagr crate , orne 
clo ely as ociat d with rna e of wolframite, thers 
with pyrite and quartz. In some place rna ive che l
ite i~ urrounded by ma ive pyrite; in oth rs sch l
ite en- tal , growing on quartz or pyrite crystal , lin 

ug . Th cry tal are irnperf ct doubl terminated 
pyramids of the tetragonal ystern trun a ted by narrow 
py-ramid face of the e ond order. Pyramidal cleav
age urface are eli tinct though not prominent. The 
hardn lie betw en 4 and 5, the lu ter i re inou 
to adamantine and the color is rath r light brown in 
the laraer cry tal to pale y llowi h in mall tran lu
cen grain . The cry tal urface how no con picu
ou effects of con·onion. They arc free from inter
O'rowth other than tho e with wolframit already 
b . 

mentioned and grow upon all the other mineral m 
th vein . 

The relation alr ad.r d cribed, of th vein min-
raJ to one another indicate that while there were 

overlap in the periods of growth, the gen ral order 
of depo ition wu a follow : (1) ericite, quartz and 
pyrite in parallel growth, the ericite forming only at 
the beginning of the stage; (2) pyrite and wolframite, 
the latter predominatina · (3) very little pyrite, a 
littl wolframite, and nbundant che lit , the h el
ite ontinuing to form after the oth r two mineral 
had cea ed. cording to He~ 650 thi eems to be 
th u ual paragen tic relation of cheelite to wolfram
i e, or ferberite, in tungsten vein . 

GANGUE MINERALS 

Q -ARTZ 

Qua1·tz ( i02) occur in great r amount in 
n arly all the ulphide and oxide or the di trict. 
It i pre ent in lod blanket depo i and contact-
m tamorpbic ores, and i de eloped with ericite on a 
micro opic al an alteration mineral in the igne
ou ro l . It varie area ly in amo unt a may be 

en from th ilica per entage in th table of ore 
analyse given n pag 193- 200. 

The per ntage of quartz in th ulphid ore range 
from , ry high to a lmo t zero. It i ()' ncmlly lea t 

llbTho chemical properties of hiibocrite aod schoolite described in t.his paper 
have been vel'iflcd by Frank L. R es , and the phy ical properties by W. T · 

challer, both of tho . S. Ocologlcal Ur\'ey. 
"' lJ , F. rJ., aud challer, \L T ., Colorado lerborite aud the wollramit.e 

series: U. S. Oeol ur\'ey Bull . ' , p.12, 1914. 
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in th magnetite-p~yrit ore and bighe t in rtnin 
p ritic ulphid bodic . Throu()'hout th ea tern part 
of th di tri t th ore nr much more qual'tzo ethan 
in the we tern part, but exception occur in both pnrts 
of th di trict. 

In orne of th ore , both ulphid and oxid , the 
quartz occm a linina of ca itie and in plac ·how 
minute clear, gln y pri matic CJ' tal which arc a n
erall frccfromin lui n. D finitecry~ talsofquartz 
arc lc common in th rna j, ulphid ore. orne 
of the oxidized or f the Ibex min e ·on i t of 11 
loo andy nggreO"atc of mnll quartz cr als min()'led 
with oxides of iron and o herou minertll . Yery fine 
colorle ry tal of quartz hav be n found oating 
calamine ry tal in low-grad oxidized zinc ore from 
the old Mikndo clump. Micro opic qunrtz ha been 
found in parallel growth with brown iron oxide and in 
agatelikc growths lining ug in the iron ox ide. Th c 
quartz crystal , t og thcr with the chalcedony and opal, 
were nmona th e late t mineral to be d po itecl in the 
oxidized zone. 

Thor i no cliffi ulty in clisti naui bing the quartz 
accompanying sulphide ore from the original quartz 
of th ountry rock . The qu rtz of th ulphi<l ore 
is eon under the micro cop to con i t of eli tinct 
cry tal and irregular grain , omparatively cl ar and 
free from train effects, whereas the original quar z of 
the country rocl- how marked str ain < nd character
istic row of minute in ·lu ion . Much of the quartz of 
the ore bodies contain inclu ion in relati,-ely mall 
quantity, which in omc cry tal are arranged paralJel 
to the cry al boundarie . A few of the e inclu ion, 
appear to b e fluid, bu mo t of them are in letenninat.c. 

In both blanket clepo it and lode the quartz i 
more u uaJly present a irre()'ular anhedral gram , 
which make up a den e aggr gate in part ufficiently 
coat e to r mble quartzite and in part o extremely 
fine grained a to have received the nam of flint or 
ja peroid. Thi. flinty variety i one of the common
e t product of iliceou · replacement in the Leadville 
di ri t. It occm in nearly all the mine in greater 
or lc amount. In many place where fi ure vein 
pa through lime tone the lime tone adjacent to the 
fis ure ha b en altered to jasperoid. Jn the Fryer 
Hill and Downtown area there a re exten ive layer 
of the ja peroid or flint which carry practically no 
valuable metal and extend far beyon l the limit of 
profitable mining. Her and there the quartz in the 
ja peroid rna e ha a coarser texture and i filled with 
minutecavitie · linedwithquartzcry tal. Thi quartz 
ha a grayi h appearance and may be rich both in gold 
and silver. 

In texture the jasperoid u ually how clearly it 
development by replac ment from the lime tone , for 
it exhibit al gradation · from anhedral grain to per
fectly dev eel pri matic quartz crystal . The e 

cry tal a.re u~ually arrang d in interlockina a 
gates o that triangular a vi i ar ob erved betggre. 

ween 
them. Wher a ro k ha been completely altered · 

• ja p roid a in om vari tic of ilic ou ore from t~o 
Re urre Lion min ( e pl. 55 , A, al o analy i ~ 
p. 321 ), the anh clml grain li a.monO' he complete~~ 
de eloped cry 11L . Fr q u n l 11 p rf t err tal ;. 
quartz ' ill be . on emb del d in an anh dr;l gr/ 
Thi trncturc ' how that tho development of perf: · 
qunrlz ry!:;tal · i th fir t slop in th pro ' of ilicifi~ 
c11tion. · th proc · c nLinu tl c Jim ' tone around 
the earli r-form d c r.v: tals is iL. lf rcplac d, and the 
r ult i an intcrlo kin()' ngO'J'CO'al f p rf tly bounded 
quartz crystal mbedcl din a groundma comp 
of anhedral gra. i n r pre n tin()' th l ter taa~ in th~ 
r placcm nt of the oriO'inal lime. tone. 

HAL EDON'Y AND P ,\L 

l arly r cogn izabl chalccdoni cxtrcmcly 
r ar or a b. n in th primar- ore of L ad,ille. Jt, 

b one i ignifi nnt , a chnlcrclon i on of the char. 
a teri Lie f rm o( ili a f6und in th r la.t ivcly low. 
t mpcratlll' (epithermal) ' in z n , wher a the Lead· 
ville r were formed at high r (m othermal and 
hypoth rmal) t mp ratur . 

Opal ( i02.nii20) and chal dony o CUJ' in con· 
idcrabl quanti tie a alter a t.ion produc in porphyry 

and in or bodic of the L advill eli t.ri t . Theyare 
b lieve l to ha e b n d rived from he de ompo i ion 
of ili at either in ountry ro 1 r in eri ite ma £'5 

within ore bocli in the zon o( oxidation. In orne 
place they form b autiful opal cent layer::s a quarter 
of an in h thi k and 6 or quar in h in area. 

halcedony and opal ha b n found u ually in 
mall amo un t , a ociat d with aurichnlcite and cola· 

mine in oxidiz d zinc or in th lb x (Lit,tle Jonny 
and Bel()'ian mine . Thr)T f rm th matrix of catity 
or fra turc fillings, and th two zinc min era are 
·emb deled in th m (pl. 52) . 

WOLL TON'I'fE 

Wolla toni te ( a i03) , a iii ate of calcium i con· 
fined to the cont11ct-metamorphic depo its of magnet· 
ite. It ha o far been r cognized in only on deposit 
of thi ore- that cut in the My Day chill hole at s 
depth of 350 feet b elow the mface. It 11ppears here 
a mall whiti h rrrcO'ular rna. cs, ran()'i.ng from 0.5lo 
10 millimeter in diameter, of xtr mely irregular 
form and di tribu ion. It charact r can not be de· 
termined in the hand pe imen. 1. nder the micro-
cope it appears as di erg nt or fibrous aggr gate- and 

can be readily identified. 

ERICITE ( M COVITE A D PARAGONITE) 

The name sericite i here u ed to include fin -grained 
silky-lu tered varieties of mu covite (HK 2A13(• iO~lJ 
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d P
ara.<ronite (H 2 N aAlJ ( i04)J), which appear identi-

80 "' · · 'Th . . f h cal eren in thm sectwn. e muscov1te 1s one o t e 
·uera1 that ha e been developed most abundantly 

:'the igneous rock of the Leadville region by the 
uueralizing waters that have produced the ore depo -

0

1 It has been formed by Lhe reaction of the e olu'. ions with the feldspar, of the igneous rocks, the 
I . )) h " W b h 1 )) d t . .. Weber gnt , t e e er s a es, an cer am 
quartzite bed n,nd i . c_ommonly ~ccompani. d by cal
ci te and minor quantttw of chlonte and epidote. 

The cldinctly econdary cricite occura in mall 
micwcopic irregular flakes usunlly in aggr 'CTate , in 
the igneou ro k ; al o in soft laylike masses that 
accompany nearly all the ores . The sericite flakes in 
the igneous rock range from an exceedingly minute 
~ze up to 1 millimeter or more in length. Where 
alterat ion has proceeded very far the porphyries have 
been changed almost entirely to aggregate nf these 
· ricito flake , with the original quartz for the mo t 
part unaffected. ( ee pl. 55, 0.) Outline of fold
par pheuocry ts are ob ervable in the e thoroughly 

alterrd porphyrie but the mineral is en tiroly hanged 
to a feltlike ma of erieite with probably some 
minute grtlin of econdary quartz. In even the less 
decompo ed arietie of porphyry (see pl . 46, A; 55, B) 
,ericile i abundantly pr sent, as may be een from 
their calculated mineral ompo ition on pages 46-51. 

In many places ericite, or a very similar mineral, i 
pr "ent in white den e ma ses that appear id ntical 
~ith kaolin; but the indice of r efraction are equal to 
or lightly low r than tho e of typical sericite. om of 
th e rna e are pla tic when wet and with kaolin and 
alunite are in luded under tho local term "Chin e e 
talc ." ( ee p. 174, analysi 1. ) 

In nearly all the vein of the Leadville di tri t a 
lar u amount of ft layliko gouge is minCTlcd with 
the or . eith r la •er of lvage between the ore 
and the wall or a platelike partings in the int rior , 
of the ore rna . Wh r e the :6 ure are filled with 
broken ro k mat rial Lhi layliko matter i di -
tributed throughout th rna , bu with nor gularity 
in it po ition. Wh n xamin d micr copically th 
cla.rey material proved to on i t mo tly of fin ly 
divided ericit , with liLtl or no kaolin. Its pla -
t!rity, however, ugge t Lh pre ence of orne mineral 
hke leverri riL or montmorillonit . 

The on! indi ati n of paragoni t in t.he Lead ille 
district i in the r nlculation f th hemical analysis 
(p. 154) repr senting mangano id rite cut by in
le of quartz, ulphid , and a mineral that appeared 
Identical micro copically ' ith th typical s ricite of 
the altered rocks and lod butwas evidentlycompo ed 
m~inly of the soda mica with very little of tho potash 
IUtca molecule. This occurrence rai s a question as 
to the relative quantities of the two micas in the eri-

cite of the di trict. The two min ral are o imilar 
optically that the que tion can be an wered only by a 
great many ch mical te ts. o far as the chemical 
analy s of altered igneou rocks indicate (pp. 46-51), 
th pota h variety i by far the mor abundan t . 

HLORITE 

hlori o (H (Mg,Fe),Al2 i30 16) i the mo t common 
alterat ion product of the dark sili ate of the intru ive 
porphyrie and pr - ambrin.n granite. It i. chA.racter
i tic of the altered rock at orne di tan e from the 
larger lode along ' hi h the immediate wall rock h as 
been replaced by quartz and eri ite. The chlorit in 
the Cambrian and Parting quarLzi Le may be in part 
cone] a t ed with that in the altered porphyrio but for 
the mo t part i r cgnrded a a primary con ti tu ent of 
the quartzite. 

EPIDOTE 

Epidote (HCaz( l,Fe)J i30 13) i another alteration 
product in the igneou rock and is clo ely rolat d to 
chlorite and ericite in origin. In orne places it is 
ps udomorphic after the feld par nnd may be a ily 
r ecognized hy it yellowi h-green olor. Oc asionally 
well-formed prismatic cry t al have been found in mall 
cavitie . Although epidote i regarded a a common 
mineral in contact-metamorphic depo it , it i incon-
pwuou m the deposits of thi cia in the Leadville 

district. 
RHODONITE 

Rhodonite (MnSiOJ) i pres nt in the lode of the Ella 
Beeler group, in Iowa Gulch, in narrow parallel bands 
alternating with other min ral . o other o currence 
of rhodonite in the Leadville di trict has been found. 

ERPENTI ' E 

erpentine (H.Mga i209 or 3Mg0 .2 i02 .2H~O) oc
curs exclu iv ly as a gangue mineral of tho magnetite
pyrite ore in the Penn, Com took, nnd Ibex mine . 
In the e orcs it i probably the r ult of Lhe decompo-
ition of a pyrex n (diop ide) or nn olivine (foi ter

ite) . It is most abundantly pre ent in the highly 
oxidized and hydrated ore from tho old urface work
ings and upper level of the old Breece iron mine, or, 
as it i now erm d, the P un mine. It form a micro
granular aggregate Lhrough which he magnetite j , pro
fu ely catter d as minute grain wiLh partial cry tal
line form. It also occm in an exceedingly irregular 
di tribution throughout the magnetite, giving a con
torted appearance to the rock, as hown in Figure 50. 

The serpentine i in part mooth and rna ive, in 
part ry finely granular. Its u ual color varies from 
whiti h to light green, and many of the sp.ecimen from 
th Penn mine are colored red by iron oxide. In some 
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place th ma ivc rpcntinc i pcnctmtcd by thin 
ams of a 'cry clear white vn.riC't f crp ntinc. No 

fibr u crp n tin h~1 b eu n trcl n t L ath-ille. 

FIGURE 50.-Serpenline irregu larly distributed through magnetite nrc, gh•infS a dis
torted appearance. Part of the serpentine is stained red by iron oxide 

CLAYLIKE :1.!:\.TERIAL 

At everal pla es in the oxidiz d and ulphide en
richment zone there are large rna e of white clay-like 
material, commonly referred to a "talc " or " hine e 
talc" but containing no true talc. Thi material i 
mo tly a ociated with or bodi ; it i probably mo t 
abundant along th ba of th main h e of Whito 
porphyry and i pr ent alono- certain other porph:rry 
beet . It i al o prominen in the haly White lim -
tone clo by miched ulphid ore bodies, a in tho 
olden Eao-le and adjacent mine in Bree o Hill and 

pot and considerable rna es of it have been found 
within enriched or partly lea heel ulphide ore a in 
the gold-copper ore of the Gold n Eao-le and th loo e
textured ore in the Mikado mine near the Mikado fault . 
Th e occunen e within lime tone and ore are found 
on close tudy to be largely due to the replacement of 
carbonates, either the original dolon1ite and cal ite of 
the rock or the numgano iderite eli mina ted throuo-h 

. b 

the ulph1de . The masses along porphyr contact 
are doubtle due, in part at 1 ast, to replacement of 
the Blue or White lime ton , although thi relationship 
was evidently not considered when the contacts in the 
oxidized zone were most available for study. Other 
rna ses form rim around blocks of porphyry and ha'e 
obvious} been deriv d from them. 

Masse of clay, in part heavily stained by iron and 
mangane e oxides, are present betw en depo its of lead 
carbonate above and zinc carbonate below. In a few 
place the e rna es were tained green by absorbed 
copp r . White, brown , and black clay containing con-

iclerablo zinc ha h n de crihe l on pag 160. ~ 
gonge nJong and . within Jnult zon , om of it whit, 
and om color cl hh.u h grny by minut inclu ·

0
ns 

of p)-rit and th r paq ue mntter , mn.y al 0 be 
· l l · 1 h' l 1·1 · con. H roc w1t1 t 1 ca. · 1 r mat nal. 

A. nalyscs of white clayl ikc material 
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l. .\ mie mine, in ore body. re coli ction No. 55b. 
-· ~ w Disco cry min . r collection o. 55a. 
3. Big Pitt burgh mine, contact of Gray porphyry. Ore 

collection No. 56c. 
4. :\Jorning tar mine. Ore ·ollcction r o. 50. 
5. wamp Ang 1 tunnel, contac of White porphyry. 0!f 

coli ction No. 56 b. 

Thi mat rial , ac ording to avai labl analy cs, con· 
i t of h drated aluminum silicate and alunite in 

f th mat rial r pr ented by 
the above·analys , . 1, from the mi min 1 con· 
i t mainly f very fin ly divided eri it . I calcu

lated mineral comp ition i eri cite 9 per nt(includ· 
ing 5 p r nt of the para()'onit m 1 ul c), chloritt 
(pennin ) 4 per c nt, ilica 6 p r c nt, and hydro· 
iron oxido 0. 7 per c n t. Hill brand 66 d crib it 8' 

grayi h white with p arly lu ter, 
oft ru bhing oif on th fmo-er . 

deri vcd dir ctly from porphyry, a it n tain d rem· 
nant offeld par cry tal , which' cr removed by wash· 
ing befor> anal ." i . Thi material wa 1 cla~lik1 
than th other four ampl . imila.r material whirh 
under the micro cope proved t con i t almo t entirely 
of eTicite, has be n noted in other part of the dk· 
trict, om of it in unalt r d or , and ther are doubi· 
le gradation in compo ition from uch material to 
material TepTes n eel by the other analy . 

Mat rial from th New Di covery mine, r pr ented 
by analy i o. 2, wa pure white, veined with man· 
ganese oxide, compa t and oft (harcln = 2) 1 rubbin" 
off on the finger when dry. When fr h and mo~I 
it had a O'r eni h opal ine app arance and was tran lu· 
ent on thin edges but b came opaqu on exposure. 

The ample analyzed contained no mangan e oxide. 
After two or thr e years' expo ure to air it till retained 
3.36 per cent of hygTo co pic water. r o further I 
of water took place below 160°-170° C., althoughthe 

,. U.S. Oco l. Survey Mon. 12, pp. 603...001, l 6 . 
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P
le became black owma to the carbonization of 

am 'I'ho 1 · h 0 t t ·c matter. ana y 1 ow . p r cen oo 
o~RW h h alumina and 4.9 per cent too muc water to 
muc ,,.1·th the formula for kaolin but cone ponds 
Sl1J'Ce . 

ol ly to publi h d analyse of halloy 1te, an amor-
c 0 e 1 · ·1· d t h u mixtmc of a umma, s1 1 a, an wa cr. o 
p 

0
.
0 

opic d cri ption i a vn.ilable to how whether 
~ ll' '1 ·t u i t of amorphou or crys a me matcna or a. 
I • CO . . • } f d . h 
nJixture f both. 1m_dar matc~·1a wa oun m t e 
~Iorni ng , tar fll1cl a l]a cnt cla1m and analyzed by 

Rickett ·67 
. 

The material rcprc nted by analy::s1 No. 3, from a 
Gray porphyry contac in th Big Pit.t .burgh mine, 
w pme whit and r c embl_ d .th en Citc of. o. 1. 
Calcula tion from th analr1 g1 oda alumte 67.7 
perc nt, potash al~~ite 19, eri ite 4. , kaolinite 1.8, 
gocthit 2.5, fre . !11 a 1.6, an~ x~es water. 2.66. 
The minor con t1t u nt are arb1tranly chosen m the 
ab enco of micro opic data. the rna erial did 
not ha\'C the hygro copi prop rtie hown by Jo . 2, 
4, and 5, the exc wat r i pre umably di tribu ted 
in the diff r ent min ral . 

No. 4, from th Morning tar mine, and o. 5 
from the Whit porph r contact in the wamp \ngel 
tunnel, were al o white treakcd with iron and man
aanese oxides . The calculated min eral compo ition 
of No.4 i oda alunite 16.7 per cent pota h alunite 
n.2. erici te 0. , kaolinite 1.9, exce alumina 1.9, 
and .cxce water 4.0. The xc alumina may be 
pre cnt a. diaspor or hydrargillite, a in certain hiah
alumina clays, or ma_y· with th al ulated kaobnite be 
pre cnt in an amorphou mixture. The x e water 
· again trikingly abuodnnt. Hill brand found only 
1.23 p r ceo of hygro opic wat r , and the gr ater 
part of the ex c i C\id ntly eli tributed am ng the 
different min u1. .• Jo. - , by the ~ a.m m thod of 
calculation contain 10.9 p r nt a h of oda. 
and pota h alunite , 4. per nt of ericit and 42. 

In tcad of x 

CAL ITE 

al i te (Clt Os) i rare a a. primary aangu mineral 
accompanying the ' t.llphidc ore but i abundant in 
mu h of the oxidized or e. It occurs mo t ommonly 
in mall cry tal , lining casitic in or and gn.nauc, hut 
large and hand orne rhombohedron on c Tu ~ i to ore 
from the ·Evening tar w r noted by I i kett: . 6 

Many of th oxidized zinc or e and a ociated iron 
and mangan core contain av-iti . lined w·ith c lor
lc to whi te flat , eli klike rhombohedr ons f cnlciLc. 
The e cry tal lie with th ir cdae normal Lo th cn,v
ity wall and r epr -sent th latest min r 11. l arowth in 
the e ore bodie . Crystal of alci te ~a c also be n 
found lining cave~ in the oxidiz d zone of many of 
the mine , and vcinlets ar · pre en t in tho oxidized 
zon . 

Aragonite ( a 0 3), the orthorhombic form of cal
cium carbonate, i, confin d ven mor tri ly than 
calcite to b oxid ized zone and the wall of drii and 
top . It i occasionally found in clo · a ociation 

with the oxidized zinc or but has not been not d in 
direct contact with zin c or e mineral . I form di-

erging to pheri cal radiatina columnar a()'{Tregate , or 
group of uch aggrega (pl. 51 , ), u ually if not 
invai-jably whi c. The one o currenc found by tho 
writ r form d pock t in brown ilic ou iron oxide. 

o far a it g noral app arance and mod of oc ur
r n are concern d araaonit may b e mi taken at 
fi t glance for calamine ; but it la k th chara ·
teri ic bladed form of calamine and an furth -r be 
eli tingui h l by it bri k f1ern cen ·in cry dilut 
hydrochloric a id. 

'l'he araaonite tudied by th writer proved to c n
tain little or no zin , but a variety containing a much 

10 p r cent of zin ( a (Zn) 0 3) \-\ tudied by G.M. 
Butler ·who aav it the name nichol ooite. \ ccord
ing to BuLl r 69 ni hol onitc is identical with araao
nitc in all but three particulaP. The pecimen with. 
high p rcentag of zinc have a h igher p cific gravity 
than ara.o-onite how a d cided adamantin rath r 
than a itreou. lu ter, and have a better clea age (good 
pinacoidal and poor pri matic) than pure aragonite. 
The nichol onite was found in the oxidized iron-man
o-an c ore in the Blu lime tone and wa.3 named after 

. Ni hol on , of the W t rn Mining Co. , who 
brought it to Butler attention. 

D LOMITE 

• Op. cit., p . 29. 
"Butler, Q. M., Some recent developm nts at Lead vi!!&, second paper, T he

oxidized zinc ores: Econ. Geology, vol. . pp. -9 , 1913. 
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lining vugs in ulphide and as mall granular mu es 
inclo ing ulphide grain . In the e occurr nc it may 
be confu d with mangano iderite, which i fnr more 
abundant. Gradntion betw en the two min ral are 
c.ommon, and they an not be di tingui hed ' ithou t 
chemical analri or de termination of index of re- 1 

fraction. 
Dolomi te al o o cur eharact ri tically a whi te 

trip d patche in the Blue lime tone n ar or horizon . 
The e patche on i t of roughly parall el tr ak of 
white dolomite alternating '' ith treaks of tho Blu 
lime tone. orne of them ·contain vug lin d with 
unit rhombohcdr n of dolomite. Qualitative t · 
how the whi Le dolomite to ontain lit tle if any mor e 

iron than the blue dolomite of th e country rock and 
the patches are attribu ed to recrrtallizn.tion of the 
rock material and th elimination of it arbonac cou 
matter. imilar striped patche accompany tho or 
bodie in the R ed Cliff ldrict, to the nor th , and n. rP 
aptly termed " zebra rock. " 

A KERITE 

Ankerite [( Ca, Mg, F e) 0 3] was found by Philip 
Argall in the Mikado mine in 1919. It filled or lined 
mall cavities in gr anular zinc blende and was similar 

to dr usy siderite and dolomite in its paragenetic rela
tion . It may be far more abundant than the lack 
of other known occurrences would indi ate, for it o 
clo ely re embles both iderite and dolomite in app ar
an e and· mode of occurrence that it is ea ily over
looked . The relation of ankerite to the other 
carbonate has obviously not been determined. 

RHODOCHROSITE 

U though the rhodochro ite molecule (MnCOs) is 
present in practically all the carbonates that form con-
tituent of the primary ores of LeadYille, it is Yery 

rare a a distinct mineral. It is said to have been 
founcl. in Y inle t in the ulphide ore in the A. Y . and 
Minnie mine, and i i reported to have been pre ·ent 
in con id rable abundance in the or e from the Mam
moth mine, in Evan Gulch. The e occurrences have 
not been seen and are not suppor ted by chemical anal y-
es ; the po ibility that the r eported rhodochro ite i 

mangano iderite i therefore not excluded. Authen
tic rhodochro ite ha been reported in con idora ble 
quantity in certain of the lode of the Ella B eeler 
group and occur~ abundantly in the Dinero vein, in 
the ugar Loaf di trict. 

BARITE 

Barite, or heavy spar (Ba 0 4), occurs r ather spar
ingly in most of the L eadville di trict, excep t in the 
outlying ar ea around the h ead of I owa Gulch and in 
the Downtown a nd Fryer Hill areas . In the Iowa 
Gulch ar ea it is char acter istic gangu e miner al accom
panying quartz, galena, and blende in sulphid e ores 

n.nd quar z and or u ito in th orr ponding oxidi 
or . I n tho D ' ntown and Fryer Hill area -~ 
frequ ntlyfou nd in _lo a l in· gular mo. ompo 

1
d f 

l . d . e o 
tabular ry ta ILl 1 vera n t aagr gate . i.nO']e ., 

f 1 lf 
. h . o Cl'\ • 

tal range rom 1a an m 2 mch in diamei 
T he e ma o hav b n found main ly in or clo e ~: 
oxidiz d or bodicn, but th ir relation o the or a ~ 
wall rock indicate that hey w r d po itcd with 1~ 
original ulphide r . o woll-d vel p d cry talsha e 

d 
. re 

b en foun 1n tn rna ::se , 1 ut a f w mall yellow 
tabular ry ta l b undccl by prism and ba ·al faceswer 
found in vu!!S in brown iii ou iron xid from Eas: 
Fry r Hill. The o w ' l' clearly of lalrr origin than 
the i.I·on xid and must have be n d po. itcd durino 

f th p ri od of oxiclfttion. ome whit: 
cry~ tal in ua in ulphid e oro aid to come from the 
Yak t unn 1 w re al o n but gn n indication of 
. condary orig in. Th ' rystnJs had b n mi taken 
by 1 ee for c ru ~ i t , whi h th y rc ' mbled rathet 
clo ely. 

ALU ITE 

lthough n alunite [(K a )Al 3 

b en id entified b mi r copic tudy, it presence in 
claylike material i indi ated by analy 3, 4, and i 
on page 174 . Owing to the inac ibili ty of mostof 
the workings in t,he xidized zone during the r urvey, 
it ha not been fea ible to gain a quantitative idea of 
the pre nee of aluni tc, or a very d fini t idea of i · 
mode of occurr nee and relation t oth r upergene 
minerals. 

EPSOMITE 

Ep omit,e (Ma 0. + 7H20 ) ha been found at a 
numb r of lo aliti a lining~ of fibrou material or 
rapilln,ry ryA tnl<~, nl n g tho wnlls of drifts , both in the 
oxidiz d zone and in the ulphid that li not far 
be1ow the lower limit of oxidation. Tho fine, needle
like fibers arc in plac arranged with th ir longer axes 
perpendicular or at a high anglo to the wall from which 
they project, o that they bear a tr ong r mblance 
to a coatina of fro t covering a urfa c of rock. These 
crusts, though not r are, are not o common n th1 
other sulphate , go brite, chalcan thi tc, and mclanter· 
ite, all of which have been depo it d by the vaporn tion 
of de cencling min waters. 

ULPHUR 

Native ulphur is frequ ntly found in the oxidized 
ore mingled with eru ite and other oxiclizcd min· 
erals. Emmons states that a mas of ulphur 2 lett 
in diameter a ociated with a little ecr u i te wa found 
in a dr ift extending northwar d from the north incline 
in Iron Hill. I t was free from iron and had eYidenUy 
"r esulted from the r eduction of galena th lead hav· 
ing been r emoved in the s tate of carbonate." 70 

1o U.S. Oeol. Survey Moo. 12, p . 397, 1886 
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CHAPTER 9. PRIMARY (HYPOGE E) ORE A D ORE BODIE 

In the chapter on mineralogy (pp. 145- 176 ) some 
'deaisgiven of the material constituting the ores. In 
:he present chapter the distribution of the ore bodies 
and the chemical and physical featmes of the different 
hnds of primary or hypogene ore are described . 

HYPOTHERMAL OR " CONT ACT-M ETAMORPHIC" 
ORES 

The term "contact-metamorphic " applied to ore 
ignifi a replacement deiJ<>sit composed of minerals 

formed at high temperature close to the contact of an 
intrusive igneous rna s with which the ore is in close 
qenetic relation . The ores included in this class at • Leadville conform to this meaning as regard mineral 
composition and distribution around an intrusive tock, 
but their genetic relation, as shown on page 209, i not 
so clo e to the expo ed porphyry as to some later 
unexpo ed intrusion within the stock. 

These ores are commercially the lea t important. 
Iron ore of this clas altered by oxidation has been 
shipped ince the early days from the Breece iron or 
Penn mine, but other shipments have been limited to 
ore that has been cut and enriched by later pyritic gold 
ore. 

DISTRIB UTION 

These ores, in which magnetite and pecularite are 
the principal metallic minerals, are found in quantity 
only in the Breece Hill area. These two minerals, 
however, are minor constituents of ores elsewhere in 
the district-for ampl , al ng th Tu on and Maid 
faults in the Iron and Carbonate Hill areas-and con
tact-metamorphic ore can not b harply eparated 
from the more abundant ulphide ores in di tribution, 
form, or mineral c mpo ition. 

The large t magnetite ore bodie ha e been found in 
the Penn, N tti Morgan , Comstock, and Robert Burns 
mine and on the ixth, eventh, and ighth levels of 
the Ibex min . nother body 7 feet thick was cut 
between two Gray porphyry hee in the My Day 
drill hole at a dopth of 350 feet. They are all irregu
lar replacement depo its in lime tone and in thi re
,pect may be termed " blanket" ore bodie . In orne 
places the lime tone i entirely r placed and the ore 

bounded by walls of intru ive porph ry. Wh re 
unreplaced rna es of limestone r main, th ir bound
aries with the ore are in part gradational and in 
part harp. The· lime tone bordering the ore in the 
Robert Burn and Comstock mines i readily identified 

Blue lime tone both by its li hologic charact r and 
99271- 27t--13 

by its tratigraphic position above the Parting 
quartzite. The limestone wall rocks in the Penn and 
Ibex mines areal o believed to be Blue lime tone, but 
the tructure in both mine is so complicated that this 
is not certain. 

CHARACTER 

The hypothermal ore consi ts of a mixture of mag
netite, specularite, and in places dark-red h matite and 
pyrite, with minor quantities of chalcopyrite and a 
little zinc blende and galena. Red rna sive iliceous 
hematite has been found only in the old open cut of 
the Breece iron or Penn mine, where the ore has been 
long subjected to oxidation. The gangue con ists of 
the ilicate serpentine, wolla tonite, epidote, and ser
icite, the carbonate iderite, which ontains varying 
quanti tie of magne ium ll;nd mangane e, and a little 
quartz. Magoe ite may be a ociated with the ser
pentine but ha not been identified. The serpentine 
is an alteration product of a pyroxene or olivine. er
pentine and iderite are the mo t abundant gangue 
mineral . Wollastonite 4a b en found only in the My 
Day drill hole but ha doubtless been destroyed or ob
scured el ewhere by alteration proce ses. Epidote 
occurs very sparingly, and other ilicates characteris
tic of contact-metamorphic ores are ab ent. 

The central parts of the ore bodies con i t of mag
netite with varyillg amounts of spe ularite, which 
together coo titute 0 per cent or more of the whole. 

hemica.l t t of thi or by W. F. Hillebrand in th 
laboratory of the nited tate Geological urvey 
proved it to b entirely free from titanium, chromium, 
magne ium, pho phorus, and zinc. Near the edges 
serpentine and carbonate increa in quantity, and in 
orne places magnetite is di aminated through adjoin

ing shaly lime tone. Even in the pme t mas e of 
maO'netite, mall irregular interstitial grain and 
patches of iderite are pre ent (fig. 163) . Thi mix
ture of magnetite and iderite i the roo t common 
variety of the ore. 

erpentioe i roo t abundant in the open cut of the 
Breece (Peon) iron mine, though it is pre ent to orne 
extent in all the magnetite ores. An analy is of the 
serpentine-magnetite ore from the Breece iron mine i 
given on page 17 . 

Pyrite occurs in par't as irregular, rather coarsely 
crystalline patche , from which irregular branch ex
tend into the mas ive magnetite. It al o fills di tinct 
fractures in the magnetite. It i accompanied in both 

177 
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mod of occurr n by quartz, which \arie dire tly 
in quantity ' ith th pyrite. t.ll min ral in
crea.s in quantit the marl a o-radation into iliceous 
pyriti ore. Thi ore wa for th mo t part, how \7 Cr, 
depo it d di tinctly later tha.n the magnetite. Quartz 
· or ab nt in th purer rnagn tit 
mas 

Around the edg of the conta t-m tnmorphi or 
bodi magnetite impregnat the trata f r on icier
able di tane (pl. 47, ). The magn tit forms blui h 
streaks and i accompanied by erici te and pyrite. 
Under the micro cope part of the linear o-roup or 
treaks of magnetite are een to bo inclo ed in r 111-

tively large pyrit cub which hav r placed the adja
cent rock material. Here a ' ell a within the main 
rna of ore the pyrite wa form d ub equently to th 
magnetite. 

Analysis of contact-metamorphio ore from Breece (Penn) iron 
mine 

[R. C. Wells, analyst] 

i02---------------- 19. 01 H20+------------ -- 5. 
Al20

3
.--- __________ _ a 20. 32 1'i0

2 
______________ _ 

Fe20a --------- - ---- 13. 71 Zr02 -------------

FeO ____ _________ ___ 9. 90 002-- --------------
MgO ______________ _ 24.35 P20

6 
---------------

Ca.O -------- - ------ . 03 MoO ______________ _ 
ft-20 -- -- ---- _ . _---- . 42 Fe 2 ______________ _ 

K20---- --- - _ _ _ _ _ _ _ _ . 09 ' 
H2o________________ . 43 • 100. 50 IFI ATIO 

• Tbe higb alumina is unaccounted for in Irving's description. It may bo pre.<- Th 
ent os spinel and chlorite and may have been supplied by sbaly beds just above 
tbc Parting Quarttite. 

Very little of the magnetite-pyrite ore i entiTel 
free from oxidation. In orne pla where oxidation 
i rather pronounced a good deal of vivianite i pr -
ent, which indicate the pr nee of on idorable pho -
phorus, in contra t with the test by Hillebrand cited 
on page 177 but in accordance ,,·ith the anal i 
above. 

The or containing magnetit are hara teri . ticAll 
low in gol_d and ilver except where pyrite and quartz 
are con piCuou . They rarely contain more than half 
an ounce of gold and a few ounce in il er to th 
ton . 

MESOTHERMAL ORES 

VEINS AND STOCKWORKS 

EARLY HI TORY 

Vein including ino-le vein and win zone , have 
been known and worked in the Leadville di trict for 
m?re _than 6~ years, but throughout a great p~r-t of 
t~1 . t1me th 1r com~ercial importance and o-eologic 
~gndicance have received comparatively littl atten

twn. The Printer Boy vein wa di covered in 1 6 
and i reported to have produced between , 600 000 and 

00,000 in the fust two years of its hi or .' Oth r 
depo it that were produce! of orne importanc in 

1 Ralston , 0. C., LeadvUie fl ure ''eios: Mine nod Mineral•, ''ol. 32, p. ~~.19l! 
Butler, 0 .. \I. , A Leadville tJ ure ''eio: Econ. Geology, vol. 7, pp. 31}-321,191~ 

olorado cbool of Mines Quart., vol. . pp. 1- , 1913. 
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. h Cord mine, in Iron Hill. The ntioch is in 
Jll t 

1

8 
ry in the vicinity of several minor vein ; the 

~f~{bex, mo tlyin " W eb ergri ts," i contiguouswith 
' Ib x 0 . 4 vei n ' h er e it pa e clo e to the Gar
me eJ. Jl . the ord to kwork ' in ambrian quartz
lot! ve ' 

d Gray porphyry, ar enlaraem en t of th ord 
1tt an · · · h h 'T If .d f l t . tit in tei ectwn w1 t t e uc on- •.1 a1 au . 
r110 a 

Dl TRIB TIO A ' D OR.OUPI 0 

The veins ar. chi~£1. onfined to th~ po~tion ~f .th 
lladri lle di tnct lymg ea t of th 106 15 m nd1an, 
JDd nearly all of tho within thl ar a li e ea t of th 
W ton faul t. Of th o that li to th w t of the 
W ton faul t onl . ix are known to have b en _rroduc-

one each in the P nn, Tu on, ord-Wh1te ap, 
ore- . f . 
Wolftone, and Gre nba k rmn and one o ver y rumor 

portance in th P enr mine. A number of vein too 
:all for developmen t have b n di covered in th 
fakand Agwalt tunnels we t of th e W ton faul t and 
mtheAntioch workin 

IL · quite po ibl that a f w mor vein may y t be 
!Oilnd in t.he w t rn portion of t.h di trict wher ver 
~e lower trata ha v n b n ex ten i v 1 explor d; 
lotexploration a a wh 1 ha alr ady b n ext n iv 
m this part of th area, and th mall number of the 
1xJ • di covered i evide nce of th ir r Ia ive carcity. 

The di t.ribu ti n of the vein in he a tern par t of 
~e dist.ric is hown n Plate 56. On thi plate the 
~pacinu of tho vein do not how them in exa tl.' 
ilieir true relation , a they hav be n f und at m~my 
different d ptl and only a few have b en tra ed to 
ilie urface. Owin a to th light ver ti a l nmae of m o t 

them it.i impracticable to repr nt th mona iogl 
lorizontal plan . 

The vein iu th 
Bther i olat d R 

work. Further exploration may add other vein. to 
these two groups. 

The spacing of the veins within the several known 
group i o clo e that it does no t seem likely that the 
wide inter vening area are wholly d evoid of veins. 
As the vein present few outcrop and therefore must 
be di covered mainly in underground workings, it ap
pear po ible that the failure to find vein in orne 
ar a may be cl ue to lack of underground exploration. 
Thi po ibili ty i trengthened b y the fact that the 

und ay, Luema, P enn, ilent Friend, and Prin ter Boy 
vein were found in comparatively i olated po itions 
well out in the largely barren area intervening b etween 
the group . 

DI TR.IB TION OF VEl r CO N TRY R.O K AND 

RELATIO TO TRUCTURAL FEATURE 

The veins intersect all th bedrock formation in the 
L eadville <li trict, except the rhyolitic agglomerate. 
Only the m aller and le continuou vein occul' 
within a ingle kind of rock and thi rock i u ually 
one of the intru ive porphyries. All the vein that 
are productive or that have b een traced for m or e than 
a hundr d feet pa from one formation to ano ther ; 
the walls of orne veins, indeed, pr nt a b wildering 
ucces ion of formation . 'I hi i particularly true of 

the Ib x group of vein on Breece Hill, where the 
edimentar formation are cut by an unu ually large 

number of porphyry h ee , some of which are very 
irregular. 

The eins hav b n li ttle disturb d b deformation 
ince their d po ition . They ar broken h re and 

th r b y r cen t faults , mo t of which ar too mall 
and too ~ idely pa eel o aff t minlna eriou l -. 

U the lara r and c n tinuou v in have been found 
in th , r o k rna e whi ch on i t of alt rnating ed
im ntary bed and porphyry heet . Wi thin th large 
rna of Grny porph ry that form th we t rn lope 
of Bre ce Hill m any :fi ure are pr nt, but they are 
aU mall and discontinuou and have o far proved 
di nppointina. Th r ems to b oru pr babilit. 
that t.h m r ma i,- and t ugh r b d T f ra. - por-
ph. -ry ha ff red t 
fra. turio<Y than th 

of r k. 
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it continues between an ea t wall of "Web r grits" 
and a west wall of White limestone and lowe1· forma
tions. There are several parallel slip in the fault 

0 500 

' I 

butt, and Ib x o. 4. The unday v in ha 
r ported to oc upy a fault, but the also been 

amount of dis. 
plac roent ha not be n re ordcd. 

I N I 

1000 1500 ftE T 

FIOUBE 51.-Strike and relative el]Jiored length or most or the major veins or the Leadv!Ue distnct 

zone, and several veins in the Ella Beeler group; and 
more exploration is neces ary before the structural 
relations are thoroughly understood. Other veins 
that clearly occupy faults of considerable size are the 

ilent Friend: Nevada, Winnie-Luema, Modoc, Gar-

RELATIOr OF VEINS TO ERO ION 

With the exception of the Garbu tt, un~ay, nn_d 
po sibly the Printer Boy veins, who e early h1 tory JS 

little known, the important veins of the !Leadville 
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d. trict have been di covered by underground work-
1 5gs The scarcity of outcrops i due to three dis-
Jil • 

ti ct causes: (1) The fissure fillings are much 10Ss 
ni tant to erosion than the inclosing wall rocks; (2) 

resheavy mantle of "wash," glacial debris, and 11lake 
~eds" almost wholly covers the district, and in the 
areas from which it is absent fissures are notably carce 
or entirely absent; (3) the great majority of v ins so 
far mined do not extend upward to the bedrock sur
face. They either terminate upward in the flat blan
ket ore bodies, as in the Resurrection mine, or simply 

·die out and disappear before reaching the surface, as in 
parts of the Ibex mine. 

Of those few veins which have been actually traced 
to the bedrock surface, two, the Garbutt and Sunday, 
crop out in "Weber grits." The r tare found in the 
deeply eroded portions of the di trict-for example, 
north of the Colorado Prince fault, where several vein 
have been traced up to the bedrock urface, notably 
the Luema-Winnie, Louise, Big Four, St. Loui , and 

uth Winnie. 
The prevalence of vein in the more deeply erod d 

areas ugg t that hale bed , particularly the 11 Weber 
shales/' acted as barriers again t which the vein ter
minated upward in blanket d po it ; but intense min
eralization at Breece Hill and on the western lope Of 
Ball Mountain reached into the 11Weber grit ." Well
defined outcrops in this mineralized area are scarce, 
owing to the abundance of disintegrated rock or 
"wa h," but the great amount of leached silicified 
grits and porphyry proves that mineralization has 
been extensive and suggest that additional veins await 
discovery in this area. Further deep exploration be
neath the large blanket depo it in the western part of 
the district may di clo e veins imilar to tho e in the 
Cord, Greenback, and Wolftone mine . 

TRIKE, DIP, AND 0 RDI ATIO. 

PRBVAU.Il'IG ATTITUDE 

The vein for the mo t part trike north to north
northeast. Exception are the cr cent- haped fault 
fissur containing the Ibex No. 4 and o. 5 ein , the 
north rn par of which trike northwe t, and the 
.Modoc vein, whi h strik ea t-northea t. The pre- 1 

railing direction of trike is r pr ented in Figur 51 
and 52, in which the a rage direction are plotted 
about a common c ntral point and the approximate 
length of the vein i repre en ted b the I no-th of the 
respective radiating line . Mo t of the major vein 
trend within an arc of 42°, N. 12° W. toN. 27° E., 
but a few trike between . 30° E. and N. 75° E., and 
the northw stern part of th Ib ' o. 4 vein trik 
N. 50° W. The great t production ha come from 
the group of more norther! tr nd, and thi doubtl s 
accounts forth rather general in1pr ion that all vein 
of the district have north- outh trend .2 The trik 

1 Boehmer, Max, Am. Inst. Min. En!{. Tmns., vol. 41, pp. 162-163?, 1911. 

of the minor veins in the Ibex mine (fig. 52) range 
through a greater arc, but most of them are within 
the arne arc a those of the major vein . 

Most of the veins dip at high angles, u ually between 
70° and 90°. A few dip at considerably lower angles. 
Thus the Con ance 
vein, on the south side 
of Iowa Gulch, dips as 
low as 3 ° in places, 
and other veins dip 
between 50° and 60°; 
but the8e are outnum
bered by veins of 
nearly or quite verti-
cal dip. An average 
of 34 obser ations is 
74°, which may erve 
as an approximate 
general average. 

\ ariation of dip 
occur on all the veins. 
The attitude of orne 
approximately verti
cal veins range from a 
vertical po ition to a 
very steep dip, which 
i here to the west and 
there to the east. In ."!c~:.: 
the main or west vein 
of the Big Four group 
the dip in the upper 
level was vertical, 
but a the vein was 
followed downward it 
as urn d a we t dip 
at gradually smaller 
angl . In general 
the dip change little 
along the strike, but 
th y han a e very 
mark dly in a few 

ein ; the No. 15 vein 
of the Ibex for ex
amp! , has a dip of 75° 
W. at one end and a 
dip of 75° E. at the 
oppo ite end . 

Although Figure 

I 
I 

N 

'0 ., 
0 g 
0 .. 
< 
"' < 
"' i 

51 and 52 give little 0 100 20 0 300 rm 

indiCa t i 0 n Of more FIGURE 52.-Strlke and length lor major and 
than one rather poorly minor veins In tho Ibex mine. The lines Indi-

cating minor lodes are not continued through 
defined sy tern, Plate the circle, and their length is shownlby the 
56 in d i c a t e three portions outside the circle 

fairly well defin d ystems of vein -north-north
we t, north-northea t, and ea t-northeast. The 
north-northea t y tern is the most prominent and 
contain the llll·gest number of productive veins, 
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including th outh rn par ts r centic in . 
The north-northw t sy tern n.l o in lud orne of h 
mo t continuou and productive v in in t.h di ri t, 
including the Winnie-Luema, il nt Fri nrl c ada 
Penn and a few of the Ibex group. Th a t-north- 1 

ea t rtem contain the f we ' t produ t i e v in and 
i regarded a a minor y tem. f w cnttcred minor 
vein trend we t-northwe t and may b co n id r d a 
!nin r tern. The northwc tern par t of the Ib x 
l. o. 4 ein, one of th long t and mo t produ tivc, i 
exceptional in not ly ing within any of th )' ' tem . 

No vein in one r tom, o fR.r a known, in t I oct 
tho e of another ystem, although cer tain major Y in 
of one ystem have branche belonging to another. 
For example, the Winnie-Luema vein b longs to Lhe 
north-nor thw t v tern an l it branches and th ir 
associated blanket d po i helon(Y to the ca t-north
east y tern. The e br11n h vein , o far u di cov red, 
occupy minor fault on the ea t ide of the main v in 
(pl. 69), hut local change· in po ition of trata ug
ge t that the we t wall in the ilver poon min may 
also be cu t by minor faults. In theRe urr t ion min 
north-nor thea t vein have nor th-nor thw t hri1n he . 
A f w branching vein have al o be n found in the 
Ibex workings. The po i tion of th e n rth-nor thea t 
vein and connected blanket d po i in th Littl e 
Winni and Golden Ea(Yl ground ~ pl. 57) ug(Y t that 
they are bran he of the north we. ·tern part of the 
Ibex o. 4 vei n, whi h trik about . 50° W. , but 
no connection had b n e tab li hed up to 1925. I t 
therefore appear that the v in occu py onjugate 
group of faults and acce ory fi ure thn.t were miner
alized at one time. 

IRREG ULARITI.ES 

Mo t of the trike repr ented in Fi (Yure 51 and 52 
are a verag · of curv ing or und ulat ry \ein, . The 
vein in many mining distric are chttracteri z d by 
angular bend (fig. 53) where the vein filling alt rnate 

1101/TH()F" 
TONNlZ 

F IGURE 53.-Vein with angular hends, common in m ny mining districts. (Alter 
J . D. lrviug, . S. lleol. urvey Bull. 47, p . 42, 1911) 

from one et of fis ures to another. orne vein in 
the Leadville di trict approach this character, but 
their changes in direction are rarely sharp, and 
many ar~ so gradual that they appear due to curva
ture of in(Yle fi ures rather than to intei ection of 
different ftS ures . Wbere faulting ha taken place 
~tlong intersecting fiss ures, however, the development 
of auxiliary break around the intersections, as sug
gested in Figure 2 , and the hearing away of the 
sharp angles may develop a pronounced curvature.. 
To what extent the curve of the vein at Leadvill e 

are ori(Yinal f a tur 
and to what xtcnt 

I bex o. 4 . _________ _ 

I bex o. 5-----------
I b x No.3 _____ .. ____ _ 
I bex ' o. 15 ___ __ ____ _ 
I bex 1 o. 16 _______ __ _ 

Radi us 
(loot) 

950 
950 
200 
140 
130 

ot· fi ur· zone 
f faultin <>' nlong 

urvature 

Radius 
(feet) 

Re urr etion o. t_ ___ 1, 700 

lo. 7 ---- 1, 700 
R esu rr t ion o. 6 ____ 1, 500 
GoldBain _. _________ 420 

innie-Luema ------- 6, 400 

FIGURE 54.-Diagrammatic projection or part or ! be No.4 voin,Sh}lwingcurva 
ture along stri ke and dip 

The ere centic form i m re pronounc d in orne 
veins than in thers, and where the radiu i large, a 
in the Winnie-Luema, th curvature i o gradual thaL 
but for th ex ten iv development of the vein it could 
carcely be detect d. The Ibex ro . 4 and No.5 veins 

are trongl urved in their middle part but becomo 
practically straight for con iderable di tance in both 
direction (pl. 57) . 

The dip of all th se vein ex ept one i toward the 
inner side of the ere cent but i ubject to minor 
deviation . In orne of the veins the angle of dip i 
len, t at the top and increa e rapidly downward, .0 

that the ide which i concave in horizonta.l ection 18 
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nvex in vertical ecLion. ( ee :fig. 54.) The Ibex 
~o . 4 and No. 5 vein are nearly parallel veins of thi 
~arn.cter only 1 feet apart. Neither i perfectly 
continuou on all levels; each in places breaks up into 
ti 17btly overlapping part . Some of the minor veins 

between them have similar curvature. The other 
crescentic veins are le thoroughly known. 

Veins of irregular curmture .--The mo t conspicuous 
vcins of irregular curvature are the Ibex os . 1, 2, , 
and 9, the Garbutt, and the Big Four. The Ella B eler, 
Constance, Clear Grit, Helena, and Fortune vein , in 
the Iowa Gulch area, aJ·e also of this cla s. ome of 
these vein are roughly ere centic a a whole, and 
others deviate about equally on either side of a 
straight course. orne undula te principally in their 
middle par and b come practically straight near one 
or both ends. The local trend tend to hift from 
one major ystem of trike to another, but the transi
tions, as alJ·eady noted, are along mooth curve . 
Local changes in trend raTely exceed 40°. 

Otherirregularitie .- Beside variations in strike and 
dip, other feature , uch as minor parallel vein , pioche 
and swell , " hor e ," and branching , are noteworthy . . 
Minor parallel veins are of common occurT nee, and 
sereral of them have proved laro-e enough or rich 
enough to be worked, notably in the Ibex mine and 
along the Winnie-Luema veins. It i a omewhat 
common characteri tic of the vein at Lead ville, as 
e~ewhere, that where ore has been depo ited in a heeli
ed zone the main vein occupies only a minor portion 
of the zone and parallel minor vein are in gularly 
distributedalongeachsideofit. In omeplace where 
the maio vein thin out a parall 1 vein thicken , and 
the workable paJ·t of the vein con ists of a teplike 
seri of clo ely related v in . Mo t of the minor 
parallel Yein in th di trict have b en di cover d thu 
far nccid ntally. 
for uch v in a ' for parall 1 major ,. in ha 
been much n gle t d and i ne of th first thin 
be con id red in the ffort to in r a 
of vein und r d 1 pm nt and to discov r n w in . 

well and pinch pr nt in n arly all th 
rein . M t f th ' 11 are du to a hi ken ino- of 
the br ccia.ted mat rinl that orio-inally fill d the fis
ure, which wa e p cially ubj ct to repla m nt by 

ore. Vein that enter r adily replaceabl lime ton 
may either wid n into l nticular b dial or send out 
fiat blanket rna along rtain b d . Many uch 
occurren e ar known . Other v in cro s lime tone. 
bed without appr iabl increase in width, and xam
ination of the f w ace ible oc UIT nee of thi kind 
has shown that the lim tone wa protected from re
placement by clay goug along th walls of the fi -
s~e. Even a thin gouge may be an ffectiv protec-
twn against replacement. · 

The pinch s s en are due to the tr ng development 
of gouge or to th pres nco of con. iderabl shale on 

one or both walls of the v in. The pay shoot of the 
Garbutt vein are found in paJ·t at least, where the 
wall are coarse-grained " Weber grits, " quartzite, or 
Gray porphyry, wher eas the intervening spaces are 
marked by pinches between hale wall or by a min
gling of vein mineral and umeplaceable hale frag
ments within the vein. The shale in the upper levels 
belongs to the W her ( ~) formation and that in the 
lower levels to the "tran ition hales" at the top of 
the Cambrian quartzite. 

Hor es of included rock are few, but orne of them 
are large- for example, the Big Four lode contain a 
large granite " hOI . e" which occurs well above the 
near t point at which the vein lie between granite 
wall . In other veins maller hor are o casionally 
found. They aJ"e rarely, howev r , in their original 
positions but have been con iderably affected by dif
ferential movement of the two walls. 

Mo t of the veins are very free from mall irregular 
branche extending into the outer' all of the fi ure 
zone. The outer wall ru·e generall mooth and unin
terrupted, and the inter vening ground consi t.s of bat
tered rock eparated by vein and tringers of ore. 
Small branches have been noted in the Garbutt em, 
however , particularly where one or both wall ar~ 

hale. 

TERM! ATIO 'S 

Most of the veins be ·orne too thin or. too low in 
grade for mining before their terminations are reached. 
Where the termination have b en reached or clo ely 
approached the vein pinch to a knife-edge, plit into 
a maze of small v inl ts, or termina te abruptly ao-ainst 
hale or against rhyolite agglomera,te of postmineral 

age. Mo t of the vein in the Ibex mine hin to very 
narrow seams both along the trike and upward and 
downward along the dip. Many ' in app nr in the 
ower level of the Ib x of which no tra e can be found 
above, and lik wi e many of tho e in the upper levels 
thin out downward along the dip. orne vein pinch out 
in both dir ction along th trike and both upward and 
downwud along the dip o that the entire vein is 
completely includ d within th explored portion of a 
I'JCk rna ~ . The Winni -Luema vein narrows down 
at the ou h end to a mall, unprofitabl vein, and in 
i northernmo t. part it i a wide network of mall 
' in , eparat d by ilieified rock, which have been 
found co ht vf oo low grade for profitable mining. 

Q, ing to the prevailing low angle of dip of the coun
try rocks, chang in wall rock are le numerou along 
th trik than along the dip of vein , and termination 
of v ins are mo tly independent of wall rock. The 
upward t rmination of veral vein , however, a 
tated on pao- 1 1, ar ontroll d by ome particular 
tratum, commonly th ' Weber hales." ome of the 
trong r vein fi sw· cut through the thinner haly 

bed at low r horizon but fail to penetrate the" Weber 
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hale . " Where their wall were ufficiently eal d by 
gouge hange in the kind of wall rock have had no 
influen e on the mineralogy or thickn of the vein, 
but along many veins where the wall wer imperf ctly 
ealed the lime tone between la ers of hale or heet 

of porphyry has been replaced by blanket ore hoot . 
orne small vein terminate in blanket bodi b neath 

such an impervio.us cap, and some of the e blanket 
bodies connect with other small local v ins that extend 
upward through the hale or porphyry to limestone at a 
higher horizon, where they conne t with another 
blanket body. ( ee fig. 55. ) Th e relations wer 
clearly shown in White limestone in the Golden Eagl 
workings of the Ibex mine in 1922, but the blanket 
bodies at the top of the Blue limestone, worked in the 
early days, have long been inacce ible. Their trend 
are generally parallel to tho e of the vein , however, 
and descriptions by tho e who have worked in them 

Luema, nearly 4,000 I et (pl. 56). The widths 
1
• 

kif Qp 
from a mere n -edge at th t rminations to . more 
than 100 feet m th gr ate t well . The e unu uall 
large well , ho' ever, xtend only for short eli tan y 
and a o-eneral av rage thickn s of ore i not more t~es, 
3 feet. The workability of uch narrow v ins hnn 
b en due largel to enrichment but in part to the casas 
remo al of shatt r d waste material between the id y 
of the ore treak and the solid walls of the fi u~ 
zone. There i no definite basi for estimating the 
total d pths of th major vein . e 

ORES OF THE VEIN 

The eins are the r ult for the mo t part of replace
ment along hear zon and to a minor extent of cav
ity filling. Their principal original metallic mineral 
i pyrite whi his accompanied by:minor quanti ties of 
chalcopyrit , zinc blende, galena, ;_argentite, and bi _ 

EXPLANATION 

~ ~ lf,;-Jd ~ 
Blue limest.ooe White limestone Gray porphyry .Part.ingquart:zit.e Stoped area 

X Point where other replacement depos1ts may be expected 
FIGURE 55.-East-we.;t se~ tion 20 feet nortb of L ittle J onn y shaft, showing relation or veins to blanket oro bodies in th Ooldon E gle workings, Breooe lllll 

suggest that they are the upward termination of 
vein (pl. 57) . 

The downward termination of minor vein may be 
found connected by blanket bodie or mineralized 
_streaks along bedding planes with lower minor or 
major veins. The downward limit of the major 
veins, however, have not been r eached and are not 
likely to be, a the ores are likely to become of too low 
grade for mining after the downward limit of sulphide 
enrichment have been reached. 

DIMEN IONS 

The average length of the veins at Leadville, 700 to 
00 feet, is short in compari on with the average 

length of veins in many mining eli tricts. The lengths 
at Leadville mostly range from 200 to 1,000 feet. Ex
ceptionally long veins include the Fortuna-Helena, in 
the Iowa Gulch area, reported to he 2,100 feet long; 
the Ibex No. 4, 2,700 feet (pl. 57) and the Winnie-

muthinite, and rarely by tetrahedrite and pyrargyrite. 
These primary ulphid are upplemented in the zone 
of ulphide enrichment by chalcocite, bornite, and lo
cally visible gold and silver, one or more of which are 
generally e ential to rai e the ore to a profitable grade. 
The original gangue minerals are quartz and ericite, 
with minor quantities of iderite or mangano iderite, 
and locally barite. Rhodonite has been reported from 
veins in Iowa Gulch. In the zone of sulphide enrich
ment white claylike material is abundant. In the oxi
dized zone the veins are changed to mixtures of brown 
and red iron oxide, black manganese oxide, ceru ite, 
chrysocolla, horn silver, native gold, and clay like mate
rial. Repre entative analy es of siliceous ore from 
veins or connected blankets are given on page 200 and 
a0company the descriptions of certain mines in chapter 
13 (pp. 226-31 ). . 

The ores of the veins may be divided on the basis 
of do min ant mineral compo i tion in to thr e cia es-
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(l) pyrite-chalcopyrite ore, with ubordinate zinc 
bl ode well developed in the Ibex, Big Four, and St. 
~ui ~oups; (2) highly siliceous ore, represented by 
the Resurrection group ; (3) mixed silic ous ulphide 
re loclllDY with prominent galena, represented by the 
~i~nie-Luema vein. Although typical ores of these 
hree classes are quite distinct from one another, 

gradations are common, and more than one clas may 
be represented within a single vein. This is par
ticularly true of the Winni -Luema vein. According 
to commercial clas ification (p. 31 ) these veins include 
ore of all clas e , but very little mixed sulphide ore 
containing zinc in paying .quantities has b en shipped 
from them. Practically all the siliceous gold-silver, 
lead, and copper ores has come from them or from 
mali blanket ore bodies connected with them. 

PYRITE-CHALCOPYRITE ORE 

The pyrite-chalcopyrite ore, which is the most com
mon va.riety, on ist mainly of the two minerals from 
which it is named, with minor or inconspicuou quan
tit ies of quart.z ~nd altered wall rock. In places the 
two ulphides form solid mas es filling the entire 
hickne of the vein. The chalcopyrite occurs in 

irregular inter titial grains among the larger and more 
abundant grains of pyrite and may be easily o er
looked unless pr ent in unu ually great quantity. 
\'ugs lined with the two min rals and rarely containing 
tetrahedrite are pre ent here and there. The unal-
tered ore is bard unle s oftened by local films or 
treaks of highly ericitized rock. The ore mo t 

·ought, however, has been altered to orne degree and 
may appear a crumbly granular pyrite more or less 
arnished or blackened by chalcocite. Where chalco-

cite i most con picuous lo e in pection show it to 
be mainly the product of a r plac m nt of chalcopy
rite. Th cbal opyrit fu t b om tarni h d or 
roated by borni , whi h in turn i r plac d by chal
cocite. Or ri h in chal o it i likely to b rich a! o 
in ilver or gold or both, but r cord of a a; and 
melter r turn do not how any d finite ratio between 

ropper and gold or ilver. Althouah quartz i a minor 
constitu nt, th or hipp d i di tinctly m r iliceous 
than the pyritic ore of he larg blanket d po it in 
the western part of th district. It al o contains more 
copper and g ld. 
A promin nt ub ari ty of thi ore, which con ti

lutes the larg t hoot in the veins of the Ibex and 
Garbutt mines, con i t mainly of pyrite cube half an 
inchormorein diameter embedded in gray, fin -grained 
quartz or ja pcroid. The textur and tructural rela
tions of the ore point to depo ition by Tepla m nt. 
Oxid ized portions of th s ore hoot con i t of bon y
combed jasperoid with cubic caviti that are ither 

I 

empty (pl. 5 , D) or partly filled with iron oxide, ba ic 
tronsulphate, or jaro ite. The pyrite cub have al o 

99271-27t--14 

b.een found partly or completely separated by practi
cally pure sericite, and, in the ulphide enrichment zone, 
by ma ses of white clay like material which has replaced 
sericite, shaly limestone, " Weber grits," or carbonate 
gangue. 

The jaspProid matrix just described grades in many 
placeiJ into a cavernous variety that has resulted from 
the removal in solution of incompletely ·replaced rock 
or carbonate gangue. These caverns are lined with 
loosely compacted pyrite and quartz cry tals. The 
pyrite and any chalcopyrite present are coated or con
siderably replaced by black, sooty chalcocite, which is 
accompanied by a little iron sulphate. The loose ore 
can be shoveled like gravel and has contributed greatly 
to the output of the Ibex mine. 

HIGHLY SILICEOUS ORE 

The highly siliceou ore in the Resurrection mine 
consists of dense quartz or jasperoid which has replaced 
sheeted zones in limestones and in which sulphides are 
usually carce or absent. Galena and pyrite, however, 
are locally present in considerable quantity, and their 
oxidation results in iliceous lead carbonate ore. 

MIXED S.ILICEOUS SULPHIDE ORE 

The mixed siliceous sulphide ore consi t of pyrite, 
chalcopyrite, zinc blende, and galena irregularly distrib
uted through a gangue of quartz and silicified and seri
citized wall rock. Small portions of ore in the Ella Beeler 
and Clear Grit group have a banded or cru tified struc
ture but are exceptional. The ulphides commonly 
form granular ma e occupying the entire width of 
the vein or lenticular shoots within masses of gangue. 
Vugs lined with crystals of one or more sulphides are 
present here and there in the ulphide shoots . The 
general order of deposition of the ulphide was first py
rite, second zinc blende, and third chal opyrite and 
gal na. Quartz was depo ited throughout the process 
but mainly before and wi h the pyrite and blende. 
Zinc blend and aalena are prominent in some shoots 
and practically ab ent in other . Where they are 
abundant th or i imilar to the mixed zinc-iron-lead 
sulphide ore of the large blanket depo its in the west
ern part of the di trict but i more siliceous and con
tain more copper and gold and locally more silver. 
The zinc blende, like chalcopyrite and pyrite, is in 
plac coated with black films, probably of copper 
ulphide. 

These ore , like the other vein ores, have been consid
erably enriched with chalcocite and precious metals. 
The g nerally vertical or teeply dipping po itions of 
th eins and the easy pas age of water downward 
along them between their imperviou walls of gouge 
have favored thi kind of enrichment to relatively great 
depths, wherea conditions have not favored similar 
enrichment of the blanket ore bodies except in parts 
adjacent to and connected with mineralized fissures. 
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RELATIO OF ORE BODIE T IIARA TER ~, WALL RO K; 

mo t of the major v in traver~ e ro k of ev ral 
kind th infiuen e of th ph ical and chemical prop
artie of the differ nt rocks on ore depo ition is note
worthy. Mineralization in granite and porphyry ha 
con i ted chiefly of the replacement of broken material 
or heeted rock within the fi ure zon . The 
matter u uu.lly terminates abruptly on each ide , 
again t a selvage of gouge ( finely ()"round sericitized 
rock) ; but the immediate wall rock i highly ilicified 
for a few inches, beyond which for a considerable dis
tance it i altered to a mixture of quartz, ericite, and 
thinly di seminated pyrite. As di tance from the ein 
incr a es chlorite repre enting the original black min
eral of the rock appears, and is a companied by a 
minor amount of epidote. The alkaJi f ldspar i only 
slightly altered, but plagiocla e is con iderably or com
pletely altered to a mixture of sericite, epidote and 
calcite. Thi partly altered rock grad into fre h 
rook. The zone of alteration ar narrow in the gra.n
ite but are o exten ive in the porphyry that it i 
doubtful if specimens quite free from mineralization 
can be found within the Leadville district. 

Pyritic zon are al o exten ivo in the ambrian 
and Parting quartzites and ' Weber grits" near the 
veins or related blankets. The pyrite fi]} int 1 tic 
among the original quartz grain and i accompanied 
by microscopic sericite and incon picuou e ondary 
quartz. ericite i abundantly d veloped at e ral 
places, however, near both vein and blankets and 

. ' eVIdently represents alteration of haly bed . 
The vein matter itself locally spreads from the fis

sure along bedding planes of the quartzite and " Weber 
grits," and rarely it replaces calcareous bed . No r e
placement bodies of workabl size connected with 
veins have been noted within the quartzites at L ead
ville, but in the Red Cliff or Gilman di trict, north of 
Leadville, an ore replacing a calcareou bed in Cam
brian quartzite ha been toped a a local enlargement 
of the Bleak Hou e vein. Thi vein wa d cribed in 
1913 by Mean ,3 who favored the view that the vein 
was later .than and cro cut the r eplacement depo it, 
but the eVIdence presented was not convincing. When 
the locality wa vi ited by Lou()'hlin in 1922 the vein 
. b 

Itself, which had contained pyritic ore enriched in il-
ver, had been worked out, and imilar ore from adja
cent parts of the replacement depo it had al o been 
exhausted. The ore that remained in the wall of 
the stope was rather fine grained zinc or zinc-lead sul
phide averaging 15 ounces to the ton in s ilver . There 
'~as no opportunity to study its relation to the pyritic 
silver ore. 

Similar deposits due to the replacement of bed in 
th~ " Weber grits " have been noted along the Garbutt 
vem and some of the Ibex vein . 

• Means, A. H ., Geology and ore deposits or Red Cliii, Colo.: Ecoo. Geology, 
vol. 10, pp. 1- 27, 1915. 

The to kwork hP v been d 1 1 • v opec wher · 
onn t with h att r d quartzit ," W b r grits~ ' IU 

porphyry at the int ·r · ction of fi Tl ' or ure . ley con-
i t of n tworl· of v inl ts which em nt and t 

· d l h 0 a mmor c<Yre rep ace t e fragmon f rock. Th A 
tioch tockwork, work db an op n cut in th ioeht· n
. · 1 · h b 1es 
1 entire y m porp yry ~nd ha a roughly chimneylik~ 
hap . t the urfa o Its norLh- outh dio.m tori 21• 

feet and its ea. t-w t diam ter 150 feet It t 
0 

. · apers 
downward , and th rat1 of or to rock fraam nts · 

111-
CI' a from top to bottom. The re i entirely ,· 
d' d Th I OX!-JZe . . e uth b x. tockwork i in " Weber grits " 
and a few mtercalated Ill of Gray porphyry. Ith 
a roughly llipti al plan , with its 1 nger axi parall~ 
to the Ib x No. 4 v in. On the Ibex 500-foot lev:l 
it m easur 130 by 1.20. f et; on th 900-foot I vel, 150 
by 40 f et. The c hmt arc detormin d by th con
ten of the or rather than b y any marked deer as 
in tho ratio of ore to rock fragmen t . The two Lock~ 
work xamin d in the ord min ar a th intersec
t ion of the Cord v in with th Tuc on fault zon and 
have ? n pr ductiv on the n orthwe t r hanging
wall 1d of th Cord ve in. The low r tockwork is 
!n a mbrian quartzite at the nin th l v I, and the upper 
m a Gray porphyry ill cutting Whi t lime tone at 
the ixth level. Oro of the am character ha been 
report d in the intet·vening Whit lime ton e or tran i
tion hale, where battering vidcntly p rmitted free 
cir culation aero the hale bed · but the re mined 
in the lim ton along th ord v in h been taken 
mo tly from blank t r plac ment d po it . 

The extent to which th haract r of tho ore mny 
? e influenced by that of the wall r ocks i tr ikingly 
Iilu tJ·ated by the o. 63 Ibex v in and its connected 
blankets. Where the wall ar of porphyry, pyrite is 
the dominant mineral and form r lativ ly fine , even
grained rna e , but wher the or body pa e into 
" W her grits " the amount of quartz gangue increas 
markedly and the pyrite consi ts of ver y coarse-grained 
aggr egates and isolated cry tal , mo tly of cubic hape, 
which reach more than an inch and r arely 4 inches in 
diameter. -

In the lime tori , particularly in the b d that alter
nate with haly beds, nearly all the vein spread out 
into blanket ore bodies . Where the vei n approach 
their upward terminations, as in the No . 3, 16, and 26 
vein of' the Ibex group, the blankets are unu ually 
large and the fi ures themselve terminate entirely; 
but where the veins are strongly developed the blankets 
extend out as branches at irregular interval and the 
vein continue with undiminished in ten i ty. The blan
kets in general have their longest dimen ion parallel 
to the strike of the veins with whi ch they are con
nected; but in the Winnie-Luema vein the northeast
ward trend of the blankets are determined by branch 
fauJt.s or fi ures that seem to have o-uided the olution 

b 

and localized their action. 
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Very few of the ve.ins pas through either shaly 
t ato or limestones without the development of lat

sr] hoots of ore; indeed, it would be a matter of 
a~:nt difficulty to find among the Ibex vein one with
gut such auxi liary shoots attached to it at some 
~rtion of its coUI e. These blanket bodies are much 
more abundant than can be appreciated from an 
examination of the mine map or section , because 

1 

many of them, not having been sufficiently profitable 
to pay for exploration, were left unexplored and are 
not recorded on the map and sections. 

BLANKET ORE BODIES 

GEOGRAPlllC DI TRIB TIO 

By far the great t part of the total tonnage of ore 
from the Leadville di trict has come from the large 
bodies formed by the replacement of lime tone, com
monly termed blanket depo it . Be ides th a few 
'imilar though much mailer depo it replacing quartz
ite and 1 Weber arit " have al o been mined. The e 
blanket ore bodi are wid ly di tributed tlll'oughout 
the di trict, a hown in Plat 45 , and hav been 
worked in a few place to the ea t and outh of the 
area there r pre ent d; but the larg t are in the 
western half of the di trict. They commonly occur in 
!roup , orne mergina into one another and other 
· olated. 

ln much of the int r ning and urrounding areas 
the lime tone hav b en either eroded , d' placed by 
intrusive tocks of porphyry , or o d eply buried 
beneath glacial depo i or theW cber ( ~) formation that 
thorough pro pectina ha not b en attempted. El e
where they have been found to be barren or of too low 
grade to pay for mining. The barr n and unpro -
pected area are con idered in chapter 14 (pp. 323- 326). 

As the larg r mining ompanie hav k pt xc 1l nt 
prour map th po ition and outlin of th larger 
blanket or b di · ar adequate! r pr ented in Plat 
45; but map I ' ral of th mnll r prop rtic ould 
not be obtain d and it ha ther for be n imp ible 
to repr cnt all the r bodi . Thi tatem nt applic 
particular] to th old propertie in and betw en tra. 
Horse and Little tray Horse gulch , and in le 
degree t the properti on Yank Hill . Thi d £
ciency, h wever, do s not riou ly impair th a.lue of 
Plato 45 a. a. basi for a general tudy of th di tribu
tion of the oro bodie . The roo t tri.kina f ature of 
thei r di tribution i the roughly radial arrangement of 
the group around th intru iv nt r of ray por
phyry at Breece Hill. Many of tho ingle ore bodi 
al o httv a radial arrang ment around thi center. 
There aro x eption , ho' over, to both rule , a i to be 
e\[lec t d from th fact , eli u ed els wh r , that the 
location a.nd groupin(J' arc controll d l rgely by other 
tructural feature , n tably the r v rse faults and nor

mal faul and£ sur s fo rmed sub quent to the intru
ion of the porphyry sills. 

RELATION TO CO NTRY ROCK ' 

The replacement ore bodies or blanket have been 
found in each of the sedimentary formation , but mo t 
of them aro inclo ed in the Blue or th{\ Whi te lim -
stone. The Cambrian " transition shalE's " or 1 red 
cast beds," which contain many thin bed of lime tone, 
al o contain everal ore bodies of con iderahle ize in 
areas of inten e mineralization, and in th e ar a the 
quartzite al o contain a few small one . Blanket re
placement depo it are also present here and there 
along vein in the Weber (~) formation. The princi
pal function of the shale , however, and particularly 
of the porphyry sills, has been to er ve as an impervious 
cover beneath which the ore-forming olution pread 
and replaced lime tone. 

Lime tone.-The Blue limestone has contained the 
great t number and the large t of the ore bodie so 
far mined, partly becau e the ore bodi in thi for
mation were more easily di co erod and worked and 
were more acces ible to enrichment than tho e in lower 
strata. Many of the ore bodie in the White lime
stone and the underlying "red ca t bed " lie beneath 
tho. e in the Blue lime8tone and are th refore ob cur d 
in the mapping on Plate 45, but even with du e allow
ance for thi fact the difference in number and ize is 
triking. In total production during the entir life of 

the eli trict no other formation has excelled the Blue 
lime tone in any con iderable area, but the White 
lime tone has been th roo t producti e for everal 
year in the Iron Hill areas and probably in the Car
bonate Bill area , and production from th Yak tunnel 
workings has larg ly come from ore bodie in the 
White lime tone ince 1913 or arlier. There areal o 
fair chanc of finding new or bodie in certain unde
veloped part of the White lime ton beneath ore 
bodies in Bluo limP ton . Drilling in tb Whit lim -
toue in the Ea t Fr er Hill area in 1919 wa di ap

pointina. Mining in th White lime tone in the Down
town area was a.l o di continued in 1923 but larg ly 
becau e of the high co t f operation and the rather· 
d pr ed tate of the metal mark t. Diamond drill
ing in oth r plac ha located ore of too lo\ grade to 
ncourag further developm nt. The e di appoint-· 

ment are off et by the large production from the de..: 
po it in White lime ton in the Cord and Tuc on 

in Iron Hill and the Wolftone and neighboring 
in Carbonate Hill, where ore depo 'ition was in

along the Tu on-Maid fault zone. The White 
lim tone and underlying " red ca t beds ' l ewhere 
along thi zone, e p cially ben ath ore shoot in Blue 
lime tone, are well worthy of thorough pro p cting. 
Th White lim tone, however, i le pure than the 
Blue lime ton and i not cov red by o thick and im
perviou a co r to dam back the ore-forming olution , 
and th r fore it hould not be expect d to contain as 
exten iv ore bodie a th Blue lime tone awa from 
center of inten e ore depo ition. olution reaching 
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the Blue limestone ' ere obliged to trav l along it 
slowly for long di tanc , wh reas tho e ' hich began 
to migrate along the White lime t n wero likely to 
escape upward and depo it their ore in the Blue 
lim tone. 

Quartzite .- The Parting quartzite and th Cambrian 
quartzit beneath he " red cast bed " contain a few 
ore bodies . Or in the Partino- quartzite are known 
in the Maid, Gr enback and Wolftono mine and in 
the workings from the White ap and Cord winz in 
Iron Hill. They are usually small and pyritic and 
either form connection between ore bodies in th lime
stone above and below or adjoin mineraliz d fi ure . 
They are made up of string rs of ore along clo ely 
spaced intersecting frac"ture , with di eminated parti
cles of sulphide between th m, and do not u ually form 
continuou masses of olid ore . 

The Cambrian quartzite beneath the "r d cast bed ' 
rarely contain blanket ore bodies; the few that have 

PLAN 

the White lim ton , but extend d downward into th 
ambrian quartzit . Thin la ors of ulphide are r e 

qu ntly p nctrated by th diamond drill well withre-
b . . b } IU th am nan q uartz1t , u t t 1ey arc u ually of t 

low o-rad to ju t if mining. 
00 

Web r· ( ) formation .- o blank tor h!tv ever be 
found ' ithin the bla k hale ( the -call d "W beu 
shale ') which li nt the ba of tho W her ( ~ ) fo~~ 
mation. A ver f w blank t r placem nt dopo j of 
notabl ize ha b en found in tho overlying " Weber 
gri t - for exampl , along th Garbutt vein (fig. 29 
and pl. -7). A few 1 nti[ of lim ton o ur in the 
formation, and ore bodi huvo occa ionally beau 
found in them.. Th ire act tatigraphic po ition can 
not be definitely dot rmio d, but th y appear to be 
' ell abov th black hal m mber. ome ore has 
been found in on of th m on Pro p ct Mountain 
north of the L advill di trict, at a g ologic horizo~ 
that mu be many hundr d of f t abovE:' the ba e of 

G,• 
~OrPi>y,)' 

~ECTION B · B ' 

FIGURE 56.-Plan and ections of the Gold ore shoot, Iron Rlll. (After A. A. Blow) 

been found are either thin beds replaced by pyrite, 
rarely more than 1 foot thick and u ually connected 
with vertical fi ures, or downward exten ion of ore 
bodies in the "red cast beds" or "tran ition shales." 
An unusual ore body occurS in the Tucson mine about 
60 feet below the top of the quartzite. It partly fills 
small caves dis olved along certain shattered beds and 
partly replaces the wall. It is connected with vertical 
mineralized fi sures carrying the same minerals. The 
ore was unusually rich in silver, gold, and bismuth 
and contained con iderable galena and zinc blende, with 
minor quantities of chalcopyrite, whereas ore in the 
quartzite usually con i ts almost entirely of pyrite. 

Thin, flat beds of sulphides in the Cambrian quartz
ite have also been found in the henango and Maid 
mines. .A. large body of oxidized ore which was found 
in the Hibschle mine of the Downtown district lay 
mainly in the transition shales immediately beneath 

the formation. Lentil of impure lime tone have 
al o been encountered in the "Weber grit " on Breece 
Hill in the vicini y of the Ibex property, but they are 
not known to be ore bearing. It i po ible that orne 
of the upper blanket ore bodie of the Ibex mine may 
replace lentils in the Weber n) formation, but the 
exces ively broken characte~ of the intru iva bodies 
in this area makes th geologic horizon difficult to 
determine. It is not likely that ore bodies of size or 
consequence will be found in the Weber formation in 
the Leadville district, although in the Tenmile district, 
to the north, these lime tone lentils are among the 
main ore-bearing beds. 

ORE HORIZON OR "OONTAOTS" 

The blanket ore bodies in the Leadville di trict, as 
is to be expected of depo its formed by solutions, near!! 
all lie at horizons where a readily replaceable rock 15 
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overlain by a relati ely unreplaceable and impermeable 
rock. The replnceable rock i e erywhere or 1,1early 

erywhere calcareous; the overlying rock may be 
e~ale, quartzite, or other edi~ent, but that above 

0 
t of the important blank ts IS a sheet of porphyry, :d the number of horizons favorable for ore varies 

rincipally with the number of porphyry sheet The 
p cks at fav:orabl e horizon are, of com e, not every
:,~bere mineralized; suitable structure, and especially 
the pre ence of fis ure through which the ore-bearing 
olutions may reach these horizons, are es ential to 

the formation of large bed deposits. The horizon at 
which the blankets ommonly occur are locally known 

"contacts,' and at any given place they are num-
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by additional intercalated intru ive porphyrie , the ore 
bodie occur in' somewhat dimini hing number. Im
meaiately abov:e the Parting qua,rtzite, and from that 
horizon upward for d.i tances that differ in different 
localiti , but with a po ible maximum of 30 feet, the 
limestone i usually thinner bedded and intenupted 
by thin beds of hale alte~nating with quartzite bed . 

orne ore budies that occur within thi haly portion 
have replaced the thin lime tone beds only, and others 
have replaced the hale and quartzite as ~veil. 

In the middle part of th Blue limeston ore bodies 
are found entirely inclo ed in lim tone, a in Ro k 
Hill (pl.' 59), but ore bodie are less· ~common where 
intru ivc sheet of porphyry are ab;e1,1t ·:than iwhere 

'· 

., 
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EXPLA ATION 

Ore Lea n ore 

FIGURE 57.- ection showing ore bodies in the Oro La Plat~< mine. By Phil :p Ar all 

bered in d c nding ord of their tmti
graphic po i iori. t mo t pla , hO\ ev r, th fir t 
oonta.ct" i th horizon at whi h the main beet of 
"hit porphyry ov rli th Blue lime ton . Al
though the lime ton -porphyr contu t are on th 
whole th mo t producti th localizin()' ff cts of 
edim ntary lay 1 may con,enicntl b pre nted 

firs t. 
The or in the Blue lim ton a tain their O'reat 

extent in i upper portion, imtn diately below eith r 
the overlying black hale or a porphyry rna that li 
at or a li ttl b low the am horizon. From thi hori
zon downward

1 
wh r th limestone is not int rrupt d 

the}- ftre present and form impermeable barrier tha 
favor concentration of the ore. 

In he White lime one blank t depo its commonly 
occur either beneath porphyry beet or in.: the shaly 
zone ju t b ' low the Parting quartzite. Beneath the 
vVhit lime tontj ore mas c are al o common in the 40 
f t of "' transi ion hal ." ·At everal place ore 
bodie are fo un l in th hale 1 although they are 
ab ent from th pur r lime ton J'ay rs above. Their 
r peat d preferenc for these baly 'beds eem to be 
du mor to the mechanical effect whi h the thin 1 

imperviou ' and comparatively re i' t.ant hal ha e 
, had in topping the upward pa age of mineralizing 
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water and directing their circulation along the int r
calated lim tone bed than to any h mi al au . 
The have thu been formed in pit of the le replac -
able natur of the hal lay r and are lik 1 to contain 
corr pondingly high p rcentaa of iliceou gangue. 
A few ore bodi appear to b e entirely inclo ed in White 
lime tone, but it i probabl that ubordinate haly 
layers have determined their po ition . 

Porphyry heet are numerou in orne place and 
tog ther with the hal already m ntioned have pro
duced as many a t n or eleven 'conta t ." The o 
11 contaet " in diff rent parts of the eli trict ar hown 
in Plate 59, which summarize the pertinent tructural 
data eli cu ed in chapter 5 (pp. 60- 106) and r pro-
ented in the ection on Plate 14- 1 , 20, 21, and 2 . 

The ore bodie along the e contact are d cribed in 
some detail in chap er 13 (pp. 273-322). om ore 
bodi , particularly in Iron Hill , illu trated by th Gold 
ore shoot (fig. 56) deviate from the immediat contact 
with porphyry and follow wandering our e within the 
lime tone, locally along bed. and lo ally at low angles 
to the bed . Irr gular branche are onnectcd by tor
tuous channel , which locally pinch and well (fig. 57 ) . 

uch of the e irregular ore ·bodie a lie between t ' o 
porphyry ills that arc rather close tog ther may not 
only reach down to the top of th lower ill but may 
even connect by tring r wi th the ore below it (fig. 56 ). 
The deviati on of the Gold ore shoot and neighboring 
hoots are approximately in lin with the Tu on fault 

and may be r latcd to it, but the aeoloay a mapped 
by Blow 4 does ·not indicate any faulting, and the 
workings are inacce ible for re t udy in th light of 
r ecent tructural evidenc . 

few ore bodie li upon the upper urfa e of a 
porphyry ill a at the fifth conta t of tho Old 
Mikado henango group (pl. 59 ). . u h x pt i n. t 
the rule are pre umably due to frac t uring which p r
mitt d olution to pa upward through the porphyry 
only to be topped a little higher by locally persi tent 
shale bed but the writer have had no opportuni ty 
to tudy any uch o cunence . 

Certain ore bodie in the Iron Hill and Fryer Hill 
areas are clo ely a ociated with clikelike off hoot 
irom Gray porphyry heet . The e off hoot un
doubtedly were of local importance n imperviou bar
rier that restricted the movement of ore-forming solu
tion . Blow, who studied tho e in Iron Hill before 
their connection with heet \Vas establi heel , con
cluded that the ore bodi were genetically related to 
them, particularly the 1oyer and Im dike 5 ; bu t 
ub equent dev lopments have hown that ore bodies 

arc quite a numerou and large in place free from 
dike . It ma.y also be noted that ore bodies are espe
c:ally abun lant in the vicinity of Gra y porphyry 
in tr usion r gurdle of hape, but thi i due to the 

acces aff?rded t~ the . olution by fractm·ing of the 
trata dunng th Jn tru JOn and do not imply that tl 

Gray porphyry i th imm diate m· e of the olutionl~ 
Rt•:LATr E R l H E OF ORE ' AT DIF.FERE T 

or 
zona 

II 0 TA T •• " 

FORM Ar D TRE1 D 

The form of th or bodie ~rary ar aLly. ome 
r place si ncrl beds and a!' f ·on idcrable length nnd 
width but of mall and rath r uniform thickn ,. 
Oth r ar~ th i k r than they nr wid and in plac 
narrow tom r border of fra ture (fia. 57) . ome 
have nearly parall l id for con iderable di tnnc 1 

and other hav tonau like branche and generall~· 
irregular ou tline . om pli t in to two part 1 ide by 
ide or on above the oth r. f w ha e nearly circular 

outline . Many of th larger ore bodie inclo e irregu
lar mas of li gh ly min ralizcd or barr n rock. A 
g neral idea of these variation may b gained fro~n 
Plate 1 , 19. 22, 27, and 45. 

Alt.hough th ou line of th ore bodic are irregu
lar in d tai l mo t of the large ones in any r trictc.d 
area trend in one or two pr vailing direction . Th1 .' 
particularly tru e in the Iron Hill area where the matn 
ore bodie , whet.hcr s ingle or compo ite, are roughly 
parallel and trend east-nm·thea t. Oth r group of 
roughly parallel ore bodie are in the vicini ty of Fryer 
Hill and Graham Park and to the north of outh 
Evan Gul~h. Le marked paralleli m may be noted 
at other place . 
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BOU DARIES 

As most of the e ore bodies are bounded along their 
upper u~face b.y sheet of porphyry or bed of shale 
or quartzite, the1r tops conform to the bedding, but 
their id and bottoms are commonly irregular. In 

50016 place thin bed or slabs of limestone between 
porphyry 01~ ~ale .h~ve b~en almost completely re
placed. Th1. ~ s tnkmgly .~ 11~ trated by the old re
placement bod1e of the FairVIew and Fryer Hill area, 
which were the fir t on examined by Emmons (pl. 
67), nod by a large ore body inclosed in White por
phyry in the Moyer min . The origin of these ore 
bodies was re ogn ized only after unreplaced remnants 
0( Blue limestone were exposed in the stopes. 

Within the White limestone and the underlying 
"transition hale " so many partings of difficultly re
placeable hale intervene between beds of dolomitic 
lim tone that numerous completely replaced layers 
of lime tone occur, some only a few feet or inches thick 
but of con id rable horizontal extent. Where miner
alization has been very inten e, even the more r is
tant haly layer have b en replaced by ore for certain 
di taocc , beyond which the ore body ends in a eri 
of prong or wedg eparated by unreplaced rock. 

In everal plac the ore bodies depart entirely from 
their contact with unreplaceable ro ks, and their upper 
bouodarie become a irregular as the lower. topes 
in these ore bodic re emble in general form the caves 
that have been form d by olution of lime tone by 
underground trcam . 
. The pas aO"e from ore to barren rock along th e 
megular boundaries is abrupt in orne place and 

gradual in others. Abrupt tran ition is particularly 
characteri tic within .the Blue lime tone. Where the 
transition is gradual the rock is much fractured or 
shattered, and the ore extends along the fractur 
whirh decrease in number away from the main or~ 
body. These shattered border zones are rarely more 
than ID feet thick, and the fragm ents of rock in them 
are impregnated with ore and gangue minerals . 

The relation of the form of ore bodies to the chan
nels through which the ore wa introduced i ob cured 
in many place by oxidation, but in orne places ex
tensive ore depo it are as ociated with shattered zone 
that are terminated or interrupted by layer of shale 
or porphyry. Where fi. sures and heeted zon are 
open and not interrupted the ore commonly form 
narrow linings along them and rarely extends in to the 
walls for any con iderable di tance. Where the fissure 
or shattered zone arc interrupted the ore-forming 
olutions continued their progre s along bedding planes 

and minor joints, but they were o impeded that there 
was opportunity to pread in to and react with large 
volumes of rock. 

DIME SION 

The intricate hape of the r eplacement ore bodie 
render exact measurement of dimension omewhat 
difficult , but the accompany.inO' table will give an idea 
of the maximum dimen ion of orne of the larO"er ore 
bod.ie. 

Many mailer blanket o cur but their tabulation 
would er no useful purpo c, a the table will how 
how large orne of the ore rna c are. 

Approx·imate maximum dimensions, in feet, of some of the larger blanket ore bodies 

nmc 

Xorth Iron hoo ---------

uth Iron hoot_ _______ _ 
Gold Ore hoot_ ____ _____ _ 
White Cap ou th shoot_ __ 

Length 

3, 100 

1,500 
2, 750 
1, 100 

' Moyer Main hoot { 2, 050 NE. 
-------- 1, 400J l , 5° w. 

Vivian-Hali-Rickard- tone 2 000 
~OOL I 

R~kshoot_ _______ ______ 00 

1 Reindeer-Be ie W i J gus 
shoot. 

1 Cre cent- atalpa-Morning 
~ar-~ olfton£;-R A. 1. 1 
oot. 

mall Hop s u pp r shoot_ _ 
·Mahala " cond conta t '' 

shoot. 
Greenback" thi rd contact" 

hoot. 
Bangkok-Jamie Lee shoot 

' Pennsylvania hoot -
Little Ell n- r ew - Y-c-~r~ - ~ 

shoot. 

900 

3,550 

1, 150 
1, 150 

44 0 

1,220 
900 

1, 460 

Width 

520 

400 
300 
200 

} 500 

500 

300 

500 

1, 000 

220 
200 

300 

Average 30 
About 300 

450 

Thickness 

60 

60 
120 

50 

90 

110 

30 

50 

50 

40 
55 

200 
I 

nknown 
ot over 61 

Tot over 50 

Remarks 

L ngth includ s a faulted portion we t of the Iron 
fault. 

Faulted off at north a t end . 
hoot originally upposed by Blow to be contin ua
tion of White Cap hoot. 

econd contact hoot, formed by the junction of 
two hoots of different trend. The length of both 
are given. verag thicknes about 50 feet. 

hoot th ick at north end but much thinner at south 
end. 

Probably a compo ite of everal hoots. 

In mall upper contact parting. 

An example of nearly eq uidimen ional hoot. (D e
termined only by drill .) 

n example of a long, narrow hoot. 
An example of a siliceou gold shoot. 

n xample of a very broad but thin "fir t contact" 
shoot. Average thickn probably 5 feet. 
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ORIGL AL OHE 

CLASSIFICATION 

A oxidation ha thoroughly changed the_ luu:ac _cr 
of the ore in man of the blanket or bodte ,· part_t -
ularly in the Blue lime tone the or . mu t b on 1~
ered und er two gen ral h ad - ulph1de ores and OXI

dized ore . The ulphid e or have been altered 
con iderably near the urface of ground water by 
lea hing, enrichment, or both;. but the alt_e~ed or 
are very ubordina e in quant1ty to the ongmal _ul
phide or The character of th original ulph1de 
ores i of p cial inter t because of its bearing ?n 
the origin of the ore and he r lation , already ?I -
cu sed at ome length , of the blank ts to th v m . 
The oxidized ore and the enriched sulphide ore 
howe er are more conveniently con iderecl in chap
ters 11 ~nd 12 (pp. 220-272), which follow that on 
the o-ene is of the original ore . 

The primary ores of the replaccm~nt bodi_e or 
blankets are u ually of comparatively 1mple mmeral 
compo ition. They contain a few common mineral 
in relatively large amounts, tog ther with n:all 
though important quantitie of le common pec~ e . 
They are in the main mix ur of pyrite, ~halen_te , 
galena, and, locally, uborclinate chalcopyrite, w1t~1 
quartz (generally in the form of ja p roid ) and :ari
able though usually mall amount of mangano Ider
ite or a related carbonate. In orne localities the ul
phides greatly preponderate· in other t~e quartz or 
jasperoid. In t_ill other place one portiOn of a? ~re 
mas i more siliceou than another, both varietJC 
occurrino- too-ether in the sam mine. The carbon-

e o . l 
ate are pre ent in many of the ores but ent1re y 
ab ent in other . In some place hey occur in great 
quantity and are rather uniformly distributed through 
the ore bodie , but more commonly they form nearly 
pure mas e enveloping the ulphide ore and eli tin
gui hable with difficulty from the inclo ing lime tone. 

Added o the e more abundant mineral are maHer 
quantitie of argentite; of bi muthinite, includino- " ko
bellite" and "lillianite " which locally o prepon
derate a to form a eparatecla of bi muth- ilver ore ; 
and here and there of barite. Mingled with the ore 
are al o re idual rna es of lime tone, hale, and por
phyry, which have been u ually partly to compl tely 
altered by mineralizino- olutions . 

'l'he component minerals of the ulphide ores are 
mingled in ery different proportion , and all grada
tions exi t between equal mixture and rna e com
po d principally of on e mineraL. o entirely satis
factory cla ification that will include all the po ible 
mineral combination can be devised, b cau e of the 
varying proportion , but for purposes of de cription 
it i po ible to adopt a grouping that will erve to 
distingui h the more abundant vnrieties, of which· the 
others are merely to be regarded as mixtures. The 
larger clivi ion can b made on the basis of the rela-

ti e qu otitic of gangue ~in ml and ulphide ;.the 
minor eli i ion on th ba 1 of th relat ive abundance 
of th cliff r nt m tallic ulphicl . In thi manner 

may arri e at th following o-rouping: 

1. l\1a siv sulphid or s, ansi t ing f prc1 ondcrating amount 
of metallic ulphid : 

a. P y ri tic or iron ores. 
b. Galena or I ad or . 
c. phalerite or zinc or s. 
d. halcopyritc-b aring mixed sulphid s or oppcr ores. 
e. 1lixed ulphid . 
f. rgentit -bi muthinit , or sil v r-bi ·muth ores. 

2. arbonate sulphide or , con i ing of mixtures of sulphides 
and la rge amount f mangano id rite. 

3. iliceou ulphide ore , con i ting of mixture of sulphides 
with large amount of quartz or ja 1 raid: 

a. P yri t i gold or s. 
b. halcopyritic gold ore . 

Th fir t t ' o of the abo co-roup ar mer ly varia
tion of a ingle cla , clue to a rela tiv 1 mall or large 
amount of mangano id rit . Th third o-roup include 
the iliceou or of blanket lir cpy conn ted with 
veins,' hich ha' e air ady b en on. iclor d, and a few 
imilar ore that bav not b en prov d to connect 

with vein . 

MASSIVE SULPHIDE ORES 

Th ba ie ore may be ubdivided according to the 
relativ prepond ranee of the different component 
ulphid , which are mingl d tog ther in all propor

tion . Ore that con i t chi fl y of on ulphide are 
b t d ignated by th name of that ulphidc, although 
from the melter tandpoint pyritic ore with iron in 
exc may b e termed 1.iron ore ," and tho others 
may be de ignat d by the principal ba metal pre ent. 
Th rarer vari ti that contain th bi muth and ilver 
ulphide in con iderable quantity may b termed 

u ilver-bi muth ore ." Or wi th two r more ul
phide pr cut in large amount ar called 11mixed ul
phide or . ' F ew of the blank t bodie where unen
riched contain commercial quantitie of copper, o 
that clivi ion d i unimportant, though the COIT pond
ing clivi ion in th group of enriched or i locall}~ ~f 
con iderable extent. A the tran itions from one clivi-
ion to another are gradual, no definite limits to the 

clivi ions may b et unles they ar the minimum _qua~
titie of differ nt metal pre ent for which the mmer I 

paid. 
In order that the character of the ore may be mo t 

readily understood each of the five m?'iu divi ions 
and the different mixed sulphide ores arc eparately 
de cribed. 

Pyritic Ore a 

CHEM I CAL AND Ml ERAL COMPOSITION 

The pyritic iron ores when completely fre h and 
unaffected by enrichment are oft n extremely p~re 
aggr gates of pyrite with relatively small _quantit: 
of other sulphide . orne of them contam enout:> 
ilver to be profitably mined, but many large ma e 
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6 
of value chiefly for th ir fiuxing proper tie or a , 

8 ~t ential ou.rces of sulphuric acid. Bodies of nearly 
pure py1ite ar found in the min of Iron Hill , ar
honnte Hill, Graham Park, Breece Hill , and E van 
Gulch and are pre ent in greater or le number in 
nearly all portion of the eli trict where the ulphide 
bave been ex ten i vely exploited. In some place the 
relatively pure pyrite form the entire ulphide body, 

in certai n tope of the Maid, R. A.M., Greenback, 
Mahala, Tuc on, Moyer , Wolftone, Ibex, and other 
properties. In other plac the pyritic mas form 
only a portion of the total mass and grade into rela
tirely pure galena or sphalerite, or into mixed ulphid . 

The pyritic ore , though in some place notably 
free from gangue, in other contained larger amount 
of quartz than the other ulphid , and orne of them 
are very il~ceou . The more iliceou pyritic ore are 
comparatively hiO'h in gold. In orne places, as in the 
El Paso ore body on East Fryer Hill , th ore i an 
intimate mixture of pyrite and ideri te with few, if any 
other mineral pr en t. 

The analy i given below of one of the o-called 
"white iron ' or pyrite bodies of the H enriett-Maid 
mine furni hes an excellen t example of very pure 
pyritic ore. 

.4nalysi.s of pyrite from H enriett-M aid mine, Leadville, Colo. 

[R. . Wells, analyst] 

Fe_ . ____ ----------

TiQ, ____ ----------
i01.-- - - - ----- --- -

Cu ·--------- _____ _ 
Ag ·- - - - --- -- ----- -Zn . _____ _____ ___ _ _ 

As· -- ------- _____ _ 

46. 26 
53. 25 

. 11 

. 06 

. 07 

. 017 

. 005 

. 007 

aO ________ ____ __ _ 

1g0 --- ---- -- - --- 
Fe 0 , ------- - ---- 
H20 -- ---- ---- -- -- 
C02---- -- -- ------ -

0. 004 
. 065 
. 33 
. 1 
.0 

100. 454 

pecific gravity of pecimen, 4.725; of powder, 4.964. Po.-e 
space, 4.5 per cent. 

The cal ulnt d 
Pyri te, 99.27 p r n 
a enopyrit , 0.02 p r 
al'!!entit , 0. 2 per c n 

ton ). The ar~eni c indicat the ourc of the minute 
qu ant i tie of ar enicfound in the flu e du t of the melt
er . The natural gangue, con i tin{)' of carbonate, 
quartz, and rutile (?), amoun ts to I than 0.5 per 
cent, and th ferrous ulphate w·a evidently produc d 
during the grinding of the ample for analy i . .1an
gan e was not determined but may be present and 
included in magnesia . 

Be ide large rna se of uch nearly pur pyrite a 
is repre en ted by this analy i , there arc many ore bod
i.e compo ed mainly of a mi.xturc of ulphide which 
contain bands or irregular mas e of pure pyrite . 

In order that the gradation of extreme! pyritic ore 
into the mixed sulphid s may b e asily comprehended, 
a elected group of analy es i pre entecl b low 
and the approximate mineral compo ition ha been 
calculated from four of them. They are illu trative 
of the le pure pyritic ore in which the pyrite i till 
dominant. The e are commercial analy e and not 
o complete a the analysi ju t given but are approx

imat ly correct for the more abundant ulphide . 
No. 1 i the analysi cited above, repeated in part 

for the ak of com pari on. o . 2, 3, 4, 5, and 
are es entially complete as regards metal content, and 
calculation of enough ulphur to accompany them in 
the common sulphide mineral of the ore bring the 
total clo e to 100 p er cent. The mangane e and a 
little iron, ho> ver, may have been pre ent a man
gano~iderit , which would imply a con e ponclingly le 
~mount of sulphur and the addition of a little carbon 
dioxide. Tho mall amount of ilica or " in oluble" 
pr nt repre ent quartz wi th more or le ericite. 
No . 6, 7, 9, and 10 pre. umably contained r elatively 
high proportion of olubl gangue min ral , probably 
ca.rbona es, and a no d termination of C02 or the 
alkalin P.arth wer made the ummation fall con id er
ably hort of 100 p r cent. The mall amount of m an
gao e re orded in analy i 7 indi ate that very little 
mftnO'ano idP.rite wa pre en in th olu bl gangue 

admium wa not looked for but minute quantiti 
ar doub 1 pr en in the zin blende. 

A naly e of ores with dominant pyrite 

3 

I 
4 5 6 7 I 

! 

41. 20 1 41. 00 40. 50 39. 90 39. 50 35. 40 
1. 00 1. 00 0 1. 00 10 2. 21 
5. oo 1 5. 50 9. 00 4. 50 7. 15 14. 24 

- - - -, 
~b ~~~~=== = = = == = == = =: ---=~~ ~~ -- --==·-~~ --Zn____ ___ ___ ________ . 005 3. 20 

~~ -- ---- ---- -- - - ---- . 8i7 ---- -646-,-----.-30-- ---.-634- ----.-627- ----.-62-- ----.-633- ----.-614-
iO·,-= ==~========== == :o6 a 1: 10 oJ.30 o 1. 40 ° 1. 75 a 2.20 o2.05 "2. 7 
·--------- - -------- 53.25 b5 1. 24 b49. 43 b51. 52 b4. 75 b47. 60 b44. 00 44.76 

~I n-· --- ------- ----- ---- -- --- - --------- . 70 . 40 . 40 -- --- --- - . 30 --------- ---- - -----------

2 9 lO 

32. 6 22. 3 
2. 7 11. 2 
.3 

I 
.0 

1 .2 
. 029 . 07 4 

0 7. 5 a .0 
41. 1 26. 7 

------ -
Au __ _ ouncc per ton __ 
Ag_------ -- -- o do ----

Kot d t. 
5. 00 

100. 2 6 I 9 . 66 , 100. 54 101. 227 95. 22 4. 133 99. 324 92. 329 I 6 . 474 
16 I 14 . 1o .o .09 .o7 _________ .o5 .o4 

14. o 9. 50 I 10. 90 . 30 9. 10 10. 35 4. 5 9. 20 23. 7 

• Insoluble. • Ca lcula:ed . 

1. H nriett-i\l aid mine, nrbonatc Hill. 
2- 7. Iron Hill. Analys furni h d by court y of Iron il ver :\li ning o . 
. Fre land, F. T. , Am . Inst. Min. Eng. Tran ·. v I. 14, p. 1 9, 1 6. Analy is by 'i iUiam R. Bogg , jr. 

9- 10. Analy s furni h d by hio ~ olorado 'melting o . 
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Calculated mineral composition of ce1·tain ores 

8 9 JO 

Pyrite___ ________ _____ 99. 21 64. 01 66. 7 45. 2 
Excess iron in carbon-

ate(?) ______ ______ __ ------------------------ . 61 
phalerite (marmatite): 

Zn -----· ·-------- . 01 21. 19 12.36 } None. 
Fe ------------ -- ________ . 2 2. 32 

Galen a _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ one. 2. 55 3. 10 12. 92 
Argentite -- ----------- . 01 . 014 . 04 . 074 
C_h_alcopyrite ------ ---- . 22 ~ - -- ----- . 2 . 57 
Silica______ _______ ____ . 07 2. 70 7. 50 . 0 

~2f99.24 92:47 67. 454 

These analy e al o bring out in a rather triking 
manner the relation of the gold and silver to the sul
phide mineral . As is hown elsewhere in greater de
tail, the gold in non iliceous sulphide ore rises teadily 
with the increase in pyrite, and the ilver content 
howl:> no relation to that of any other min ral in the 

ores. It has often been upposed that the ilver i 
contained in ·the galena, but no such relation is appar
ent in these analy es. 

TEXTURE A D STRUCTURE 

By texture is meant the form and ize of the min
eral grain and their relation to one another, and b 
structure the larger features, such as banding and 
honeycombed structure, which involve the whole ore 
mass and are only in part dependent on the form and 
ize of the grain . ' 

The pyritic oreS t.hat are pure con i t of pyrite grain 
which vary greatly in ize and do not po e defi
nite cry talline boundaries. In ome of the coar er
grained varieties they show a slight tendency toward the 
dev lopment of cry tal faces, but these are exc ptional 
in the massive portions of the pyritic ore. In the 
fine t-oTaj.n d variety the cry tal faces are so mall 
that they can barely be di tinguished with the naked 
eye and give the rna a peculiar velvety heen. 

The prevailing diameter of grain i perhap 1 milli
me'ter. The variations in the size of grain occur 
throughout the pyrite masses with little regularity. 
Extremely fme-grained mas es are interrupted by tho e 
of very coat e grain, in orne place abruptly and in 
oth rs by gradual increa e in ize of grain. Whatever 
may be the size of grain the pyrite masses are commonly 
int r ected by minute veinlets, ranging from mere 
thread up to orne more than a quarter of an inch in 
width, which are fi lled with relatively coarse-grained 

pyrite, a ~ompaniod in pla ·· by . phalerito, galena, and 
chalcopynto. · 

The very fin -grained pyrite i usually ma . ive d 
contain f w if any caviti . The lightly coa~n _ 
grain d material , howov r, abounds in irregular avit~ 
which give to it a well-mark d cellular structures 
Wh r th e ca iti have been prot cted from t.;~ 
acce of urfa e waters they are g nerally empty and 
lined with woll-d velop d gli t n_ing rystals of pyrite. 
The commoner cry tal form 1 tho pyritohedron 
alth ugh the cub ·a?d octahedron arc ~lso paring!; 
developed. The pyntc crystals that proJ t into th e 
cavities aTe u ually olid, but a few have a keleton 
form like th gal na cry tal in Plat 4 , E. 

U the margins of the blanket rna , where pyrite 
i the principal or mineral , the change to the sur
rounding arbonate ro k i ·gradual, and the gradation 
zoo con i t of carbonate rock containing i alated 
cry tal of p rite. ( pl. 5 , 0.) 'I'he e cry tal of 
pyrite repre ent the earlier tages of r placem nt, and 
in om place in the fin -grained rna ive ore they 
can be en urrounded by aggr aate of irregulur 
grain ju t 11 in ja peroid form d by replacement of 
lime ton quartz cry tal are oft n found embedded 
in an aggregate of fine, irregular quartz grains. 

In addition to the featur ju t d cribed many of 
the pyri e bodie how wh n viewed in mine workings 
a well-marked banding, which in orne place i coo
tinuou with the bedding of replaced lim tone but i 
more ommonly of roughly pheri al or ellip oiclal form. 
This ban led tructure i characterized by differences 
in ize of grain and arrangem nt of the pyrite crystals, 
or by narr w caviti s between ucc ive layer . nm
lar banding i pre ent in the mixed ulphide ore, where 
band of zinc blend or gal na alternate with bands 
of pyrit . 

Zinc Blende Orea 

CHEM ICAL AND MI ERAL OMPO !TIO N 

The zinc blende or phal rite ore , like the pyrite or , 
are in ome place almo t ntirely free from other ul
phide ; but the most purely sphal ritic ore grades, 
through varietie in which zinc blende is dominant, 
inLo mixed sulphide ore. 

The phalerite, described in detail on page 156, i 
nearly all of the dark ferruginous variety marma.tite, 
popularly known as" l)lack jack." Lighter-colored var:
etie , correspondingly low in iron, arc pre ent in mall 
quantity in the ores of Iron Hill and outh Iron Hill, 
but no chemical analyse of them ar available. 
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Analyses of zinc sulphide ores with dominant zinc blende 

2 5 6 9 10 

41.00 ~!-1 . 65 37. 70 25. 45 24. 30 23. 40 
14. 00 17. 0 1 . 70 7. 70 19. 30 27. 60 

Zn------ ---- ----------------- - 55. 0 a 52.80 a47. 60 U45. 10 
Fe ---- - ------ - ------ ----- -- -- - 4. 00 12. 10 14. 0 17. 0 

5. 00 . 70 . 50 11.45 5. 90 0 
-- - ----- -------- -------- . 10 .10 . 20 

Pb--- ---- -------- - ------------ 6' 71 ---~.;-,- -----(b) ___ ---(b) __ _ 

~~_-_:: __ :_--_~:_--_~: __ : __ : __ : __ : __ =_-~~~~~~~~~~~~~~~~ --T3- ~~---c9~;2~ - -------- -- ---------- -- ------------- -- -- - - - --------------- ----- ---- ----- -
.. -- 34_- 7-- I--35:76- -- 36." 46- :::::: :: = =::: =:: :::: =::: :::::::: ::: =~::: :::::: =: 
iO,----------- -------- -------- . 20 .40 .20 2.00 1.50 2.00 7.70 17.40 2.40 

Gold-- ---- __ --- _ounces per ton_ - -- ::·_ = ~- --::-_- ~ -l--:--_ ~~ -1- . ::·_ ~~ _ ---- _- 62- ---.-625- -- -- _- 62- -- --_-62- --- -_-oi---- -.-_-62 
ill'er- ----------------- - -do ____ 94.50 -------T ------ -r- ------ 7. 00 6. 50 6. 20 9. 25 2. 60 4. 60 

• Zinc includes 0.1 to 0.~5 per cent cad mium. 
llncluded in t he iron; ranges !rom 1.3 to 3.7 per cent. 

1. Minnie mine, Iron Hill, Leadville. Analysis by W. R . Bogg , jr.; cit d by Freeland, F. T. , Am. Iu t. Min . Eng. Tran ., 
rol. 14, p. 1 9, 1 5. This analysis is not recalculated. 

2. Adams mine, Carbonate Hill, L eadville. Ana ly i by A. W . Warwick. 
~. Colonel ellar mine, Iron Hill, Leadville. Analy is by A. W. Warwick. 
4. Yak tunnel, Iron Hill , Leadv ille. Analysis by A. W. Warwick. 
5. outh Iron Hill. Average analy i of zinc ores for 1911. Furnished by cour te y of Empire Zinc Co. 
6- ,10. Moyer mine, outh Iron Hill. Analyses furnished by George 0 . Argall. 
9. Tucson mine. nalysi furnished by George 0. Argall. 

Calculated mineral composition of certain zinc sulphirie ores 

2 3 4 5 6 I 7 

I 
9 10 

--
phalerite (marmatite) ----- ------- ago, 6 a 3. 9 a 4. 2 73.5 b 71. 0 b67. 5 IJ45. b43. 7 b42. 4 

Pyrite __ - .-------- --- _ - _-- __ ----- 9. 0 14. 3 15. 0 13. 3 22. 1 I 24. 6 6. 1 31. 5 49. 6 Galena _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _________ --------- - 5. 7 .6 I 13. 2 6. .9 Argentite ___ _____ ____________ _____ Not det. I Not det. Not det. - 0 .0 I .0 .0 .0 .0 
In oluble (probably mainly quartz) _ .2 .4 0. 2 2. 0 1.5 2. 0 7. 7 17. 4 2. 4 

I I 
--------

99. 9 .6 99. 4 94. 5 95. 4 I 94. 7 I 72. 99. 4 95. 3 
I 

• Zn .Fe(Mn) _ 
I Calculated on the assumption or 5Zn . Fe ror marmllite. In a~alyse , 9, nod 10 the :lin is included in the marmatitc. 

Th e analy e ar arranged according to th ir zinc 
content and r pre nt or ranging from practically 
pure zinc bl nd e (ma.rmatite) to mixed ulphid _ o . 

and 9 may b conv ni<'ntly lru ifi d ru tinc-l•ad or , 
and _ 9 and 10 averno- about mu h in pyri t 
in blend . carbon di xid wa not d termin d it 
· n t kn wn t what 
pr eot carb nat 
inferred that in analy in whi h th totals a.r appr -
ciably h l0w 1 0 th d :fi i ncy i du largely to carbon 
diox ide and magn in. in mangano idcrit r dol mite 
and to moi tur _ 

The low gold ont n t i ink eping with th rather 
low p r entag f p r:ri t but the ratio of gold to py
rite i b no m an uniform. 
in the pyritic or<' , i ind pend nt of 
of th oth r m tal and i cal culat d 

TEXTURE AND 'TU 1' RE 

percentag 
argentite. 

Except pha.l rit o cur group of larg 
cry tals lining aviti , it form a granular aggregate in 
which no cry tal haY well-d v I peel boundari . It 
texture, lik that of th pyriti or , vari . wid ly; it 
grade from an cxc •cdingly fin -o-rain d ao-o-r ()'at 

with a Yel\ety heen and an almo t black color to 
coa1 er-grained material in which the individual grain 
are one-eighth of an inch or more in izc. Th coar er
O'ra.in ·d or how a m r pronounced bro' ni h tinge, 

pe ially where the grain have been lightly shat
tered or th ore cru h d or abraded. 

In the fin t-grained or the blende is relatively free 
from ca,itie and i den nonporou mat rial , but 
wi h in re e in iz of grain much of th ore be om 
cellular and how irregularly distributed caviti e , 
imilar to those in the pyritic or , lined with marma

tit cry-tal _ In orne place caviti are o numerous 
that th or i compo ed of a loo ely coherent mas of 
black bl nd ry al . A in the p rite ore, mo t of 
th a itie are empt but some contain coatings of 
arb nate and, where the are within r ach of urface 

waters al o kaolin and calcit . 
Thfl phal rite ore that are pur do not usually 

Jww eli tin t bandino-, but if the light i allowed to 
fall on a fre. hly broken urface at a mall angl a 
eries of parallel hadowy band representing the 

oriO'inal edimentn.ry banding i commonly vi ible. 
The band can often be d tected ev n in ore that are 
frc from hal and con i L enti rely of phal rite. White 
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chert len c are al ·o of common oc urr nee and con- mnJl amount. of min ral r cmblina chlorit, ' which 
tra t trikingly with th den bla k phal ri f'. . ha be n dcri>cd fr m th oriainal haly material of 

Whcr con iderabl quantitic of galena and pyn th r placed ountry ro k. Barite i al o pre ent in 
a.r pr en t in th phn.lcri ti or , the galena and small q uaotity. atter d h r an I ther· tlu·ough the 
blend are intimately mixed hough mo t of the ble~dc blond are u be or incgular pat h of pyrite and 
fini hed cry tallizing before the gal 'Da. The py~·1t , arying amount of galena. In a,d lition to the 0 111_ 

e n in mall quantiti e pccially in he finer-gram?d phidc ther ar a f w irrcO'ulM pat he or a blncki h 
bl ode, i arlicr than the blend and occur · a ~lS- mineml which rna be arg ntitc. Th y ar much 1 
tinct cubi crv tal emb deled in the granular zm brilliant than th gal on. wh n so n in r fleeted ]ivht 
blendr. The e pyrite r)stal wer vidently de•el- and in place form thin land that urrouud the pyrite 
op d in the lime ton a a first t.age of replacem n t cry tals or rna and para.t tb m from the inclo _ 
(pl. 5 , ), and the balance of the ro k ar.ound them ing phal ri . nu. ually iii ou · zinc ulphide ore 
wa then replaced by zinc blende. Where the rcla- con i t of xtrcm l jaaaed patch of bleude cnt
tive amount of the two mineral approach ~n tered through a fin -grained 1 ar roo aic of quartz. 
another the characteris i banding or an evenl mm- The quartz grain have irregular boundarie with one 
aled arranaem nt i ommonly pr ent, and the two another but have r tal boundarie in contact with 
~ineral a;pear to hav formed fl,t, the .arne time ( th phalerite, whi h j vid iltly or laterformation. 
p. 204); but close in pection how that 10 a~ Jea t part Galena Orea 

of the banded or the pyrite bands were mtrodu d MINERAL ..... o HEM! AL OMPO rTJON 

fir t and the zinc blende later filled the linear cavi- Bodie of ore con i tina x lu iv ly of galena or of 
tie betwe n the pyrite band a well a crack aero aalena with very mall admixtur ::; of other ulphide 

them. are pre nt in nearly all portion of the Leadville 
The di tribution of the zin ulphide or mu h di trict but are much 1 ommon than eiih r the 

re emble that of the pyrite. orne blanket nw highly sphaleriti or the hiahl r pyritic ore . They 
are compo cd alm t rntirely f zinc blende. are u ually pre ent a portion of bodi of mix d ui
Other contain shoot of nearly pure blende that pa prude in which the 1 ad content i locally hiD"her thau 
!!radua.lly or abruptly into mixed sulphid in whi h in the re t of the blanket rna , and they mny pass 
~yrite or galena or both ar uniformly dis eminated araduall or abruptly into the mixed ulphide . 
with the blende. Aga,in, th zinc-blende ores may form A natural uppo ition wa current in the earlier 
alternatina band in the pyritic ores. Zinc ore can da of dev-elopment tha the ulphide ore would 
not be aid to be charactcri ti of an one portion of prove to con ist more lara ly f galena han of other 
the district to the x lu ion of others, for they occur sulphide a comparatively pur lead arbonate 
in orne quantity throughout the district. They are bodie were of common occurr nee in the oxidized 
perhap more abundant in the Carbonate Hill, Iron zone and were mor exten ivel developed than the 
Hill, and Graham Park ar n tha.n elsewhere. They iron oxide rna e becau e of the r lati,~el O'rcater 
are eli inctly uborclinate to the pyritic ore but are profit to be gain d fr m them. It now eem beyond 
believed to exceed the galena or in total quantity. que tion that the pure carbonate boclies are not the 

Examined under the microscope the den er phalerite oxidized representative of pure galena ma e of 
ore are een to con i t chiefly of zinc blende, which i equivalent dimen ion but are generally the lend· 
arranged in minute irregular grain of roughly rounded bearing remnants of a mixed ulphide body from 
form . parsely but uniformly scattered among which the zinc and to a le dear e the iron have 
the e grain are mall quartz cry tal in perfectly de- been removed by d cending water in the oxidiz d 
velop d . hort, tout pri m terminated by pyramid zone. ome lead carbonate hoot were undoubtedly 
at both end . They are et at all anale in the phal- originally olid galena rna e before oxidation , but 
erite matrix. Where the ore contains more gangue roo t of them probabl differed but little from the 
the grain of blende are mor nearly rounded, though orclinary mix:ed ore of the ulphide zone. 
they ha a cry talline outline, and are usually epa- N 0 analy es of nearly pure galena are available,.ns 
··ated from one another by threadlike partings of an pure galena ore are much more rare than pur.e pynte 
aggregate of a light tran parent mineral. Where the and phalerite ore~ . An aoaly i of a pecunen . of 
gangue i till more abundant the blencle and thi light- lead ore from the eventh level of the Tuc on mille 
colored aggregate form branching mas es which pen- ' wa made by W. F. Hillebrand in the lab~ratory of 
etrate one another in a very intricate mo_aic. This the United tates Geological urvey and 11lu trate 
light-colored aggregate con i t of a mixture of carbon- the mineral compo ition of a common variety of lead 
ate .' pr umably of the mangano iderite group, and a ulphide ore. 
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lysis and calculated mineral composition of lead ore from the 

Ana seventh level of Tucson mine 

[Analyst, W. F. Hillebrand , April13, 1908] 

]osoiuble --- - -- - - - - - - 5. 25 
Pb------------ - ___ __ 44. 40 
Zn------------------ 22. 26 
Cu.-- ---- - - --------- - 05 
b-------------- - - - - . 01 

B~:::::~~~~:~~::: ~ ~: Tr~ 
0

e~ 
Fe--- ----- -- - ------- 4. 7 
)[n-.---- ---- - -- ---- - 13 
F 1---------- -- ----
CaO ------------- - -- - 27 
llgO.----- ---------- . 24 
(calculated) ---- ----a 20. 63 

9 - 91 
Cd,Te, As, Ni, Co, not found. 

Galena -- ---- - ---- --- 51.. 27 
Zinc blende: 

Zn. ---- ------ ---
Fe ----- - ---- __ _ 
Mn -----------

Chalcopyri te------ - --
Py rite ______ ___ __ ___ _ 

arbonates: 
F eC0 3 ---- -- ---- 1. 97 
Mn 0

3
_____________ • 11 

MgC0
3

_ ______ ___ • 50 

a 0 3 - - - - - - _ _ _ _ . 50 
In oluble -- - -------- - 5. 25 

99. 95 

•Sulphur evidently calculated on the assumption that a ll tbe iron and manga
t!ll! were present as suJphidc. H the prevaili ng ratio of SZnS: 1 FeS in zinc blende 
ussomed, a small exc~ s of iron remains and may be calculated wi th JVIgO and 
Cl() ascsrbooate. This adjustment and the arbitrary assignment of equal pa rts of 
Yow tine bleode and carbonate gangue brings the calculated sulphur to 20.1 per 
(fill, th~ calculated co, to 1.28 per cent, and the total analysis to 99.66 per cent. 

The micro cope how thi ore to contain pyrite, 
sphalerite, galena, carbonat (probably manaano ider
il<~ ) , quartz, and a little fin ly divided material of light 

color, low r fractive index, and low double refraction , 
which could not be definitely identified. Here and 
there a light-colored mineral (barit ~) in minute radial 
group may be ob ervcd. If it is barite it percentage 
in the analy i i included in " in oluble. " Th cop
per wa determined from 45 gram nf the powdered ore. 
Te t were made on 45 gram for cadmium tellw-ium 
ar enic, nickel, and cobalt, but no trace of th e ele
ment could bed tected. The trace of bi muthi prob
ably pre ent a bi muthinite. The lime and magn ia 
are undoubtedly carbonate , as carbonate ar e recog
nizable under th microscop and the manganese i 
probably pr ent in part as carbonate and in part as a 
minor constituen of zinc bl nde (marmatit ) . The 
in oluble matter i almo t entirely quartz but may 
contain a little barite and orne of the aluminou ma
terial from haly partings in the original rock. orne 
of it i probably sericite, but still more i in the light
colored aggregate who e nature could not be definitely 
determined with the micro cope. No po itive evi
dence i available a to the minerals containing anti-
mony and t in. . 

A a basi of compari on the following analy e are 
illu trative of the character of th ore with dominant 
galena from ev ral part of the Leadvill di trict. 

Analyses of ores with dominant galena 

Pb ___ ___ __ ____ -- -- ___ -- - _---- _ 
Zo -- ---- -- ____ ____ _______ ____ _ 

Fe ____________________ ____ ,; __ _ 

Ag ______ ------------------ ----Au ________ _____ ___________ ___ _ 

• Calcu Ia ted . 

72. 65 
5. 66 

1. 60 

2 3 

55. 00 
3. 5 

. 019 

--- ------

46. 90 
10. 50 

12. 20 

. 034 

. 0009 

95. 52 
. 03 

9. 95 

6 

I I 46. 20 44. 40 
I 11. 10 22. 26 

11. 90 F e in 
{Fe 4. 7 

1 Fe 2· 41 

I 

. 035 

. 0006 
a25. 20 

1. 90 

96. 36 
. 02 

10. 20 

Not det . 

21. 77 
5. 25 

9 . 73 

43. 50 43. 10 
12. 0 13. 20 

}12. 00 10. 40 

. 034 1 . 031 
- 0006 . 0006 

a2s. 5.6 
1

a23. 5 
2. 00 2. 50 

9 

42. 10 
12. 50 

12. 60 

. 032 

. 0006 
a25. 91 

2. 60 

95. 74 
. 02 

9. 20 

10 

40. 30 
9. 0 

19. 40 

. 02 

. 0009 
2. 0 

72. 33 
. 03 
. 30 

I. Gal na ore from iinni mine, Iron Hill. Anal y is by W. R . Boggs, jr. Cited by Freeland, F. T ., Am. In t. Min. Eng. 
Trans., vol. 14, p. 1 9, 1 

2. From Little hi f mine, 1 0. e . . Geol. urvey Mon . 12, p. 623, 1 6. 
3. Mixed suJphid with dominant galena from Minnie mine, Iron Hill. naly i by W. R. Bogg , jr., cited by Freeland, F. T., 

op. cit. 
4-5, 7- 10. Froru Moyer mine, Iron Hill. v rag analy e of 50-tonlot . Furnished by Georg 0. · rgall. 
6. Galeoa-sphalerit ore from Tuc on mine, cventh level. Made in the laboratory of the - . Geological Survey by W. F. 

Hillebrand. arne analy i given in detail at top of this page. R ep ated here for comparison. 

If th e analys ar r al ulated on th am ba i a th phalerit and pyr·itic ores the following results 
Are obtained: 
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Calculated mineral composition of galena ores 

2 
8 I 9 

Galena. --------- -- --- ------- -- ----- -- -- 83.94 63. 55 5. 76 54. 1 53. 37 51. 27 50.27 50. 05 ~~ 
Zinc blende (marmatite): 19_ 16 15. 65 16. 54 33. 22 

~~ === ================== == == ==== == 8: ii ======== 1. 13 2. 2 :·_::_ 5:59 - 1~: ~5 1~: ~~ II \.M 
Pyrite --------------- ··----====== ===== ---2.-4T ----_-27- --is.-47- --2i36- -- 21.4 I N• . -2t-o8- -- i7.-4ii- ·· ·22·4· 
Argentit~================== = =--- - - - --- -- . 16 . 02 . 02 . 02 . 02 ot_dfi· . 02 . 02 : 02 Chalcopyrite--- ------ ---- ---- ---- ------ .. _.----- ---- ----- --------- ----- --- -- --- - -------- -- -----Carbonates: 

~~8o;============================ ==== ==== == ====== ======== ==== ==== ======== 
1
: ii ======== === ===== =-Mgco3 ---- - ---------- -- ---- - -- - -- ---- - --- - - --- ---- -- - ------ - -- - - - -- . 50 --- - - - -- - --- - --- ~ - -- . 

rnso~~~~~======== = ==================== --- 4.-i2- --15.-66- --- i_---- -- -z.-46- ---- i.-96-__ 5: g~ ---z.-oo----2.-56- - - - - i:~ 
99. 84 6. 4 99. 42 97. 43 . 96. 30 99. 95 95. 90 ~9;-u 

In th e recalc-ulations the galena i to be con idered 
as accurate, for the lead is present only a galena and 
the galena is pure PbS except for very small amounts 
of antimony which it may contain and which do not 
materially affect the calculation. Ana.ly i 6, in 
which py~ite (Fe2 ) was separately determined, how 
the composition of the blende to be 5ZnS.Fe . No. 
10 has not been recalculated, as the as ignment to 
pyrite of iron in exce of that ratio brings th total 
to 105 per cent. Thi iron is presumably pre ent 
in both pyrite and carbonate. In analy e 1 and 3 
a somewhat lower percentage of FeS than that com
monly ob erved is a igned to the phaleri tc, but the 
formula given are pres umably accurate, a ulphur · 
has been determined and the analyses sum up clo e to 
100 per cent. ·The ores represented by the other 
analyses presumably conta.ined con iderable amounts 
of soluble carbonaten, which wer e not determin ed . 

SILVER CONTENT INDEPENDE ' T OF GALENA 

Tho indefinite relation of the si lver con tent to lead , 
zinc, and iron sulphides shown in the foregoin ~>' de
criptions of ore may be empha ized becau e of the 

common suppo it-ion that silver and lead in ore of 
these cla es are clo ely related. 

In addition to the analy e o-iven above, more than 
120 as ay of Leadville ore contnining lead and silver 
have been collected and are represented diagrammati
cally in Figure 58 i.n the order of increasing lead con
tent. As nearly or quite all of the lead in the sulphide 
ore i present a galena, this diagram al o represents 
the relation of silver to gA.Jena. o as ays or analyses 
of nearly pure galena are available, but those repre-
ented in the diagram suffice to show the wide variation 

i.n the ratio of silver to lead. 
The quantity of silver varies widely for any given 

percentage of lead, some of the highest percentages 
of silver being accompanied by low percentages of lead, 
and vice ver a. The-e as ay represent ores in which 
there i little likelihood of enrichment. All the sam
ple were obtained from topes in which the secondary • 

copper sulphide - the only i ibl e indication of ul
phide enri hm nt - w re ab nt. Jone of the as ay 
repr ent certain r idual nuclei of galena found in the 
oxide ore f\.nd r ported to be invariably enriched in 
silver . 

The ab en e of correlation b tw en galena and ilver 
i further emphasized by the per i tence of i!ver to 
the arne general ext nt in pyritic and phaleritic ores 
that aTe entir ely fr e from gal na. 

TEXT HE AND STll UCT llE 

The galena, ex ep t wh re it occm as lining of cav
iti , forms medium to oar e-grained rna es whos~ 
grain have no cry tal boundarie but interlock wi th 
one another. The diameters of the grain vary greatly, 
from a minimum of about 1 millim ter to a maximum 
of nearly 2 inche , even within a single mall rna , and 
the uniformity of grain o commonly ob ervod in both 
phalerite and pyrite i lacking. The average diameter 

of the galena grain (one-fourth to on -eighth inch) 
is noticeably larger than tho e of the two other min
eral . Galena that fill cavitie, in sulphide ore or in 
rock and ha re ulted from filling and not from replace
ment i invariably coarser grained , the grain reach
ing 1 inch or more in diameter. Where it incompletely 
fill cavitie it forms brilliant cry tal (pi . 47, B, and 
48, E ) . 

"Steel galena,"compo eel of grain le than 1 milli
meter in diameter, i comparatively rare. The grairu. 
are finest where mingled with sphalerite. 

Where galena and pyrite occur together, gal na w~ 
the later to crystallize, for the pyrite occurs as cub~c 
crystal , rarely more than three-eighth of an in.ch m 
diameter, inclo ed among irregular galena grain . A 
later generation of pyrite, however, occurs here a_nd 
there, and some cavities in galena ore are lined w1_th 
pyrite cube . In the lean ore , quartz crystals are m
closed in galena and were clearly the first to crystal
lize. Where phalerite and galena occur together, the 
grains of both minerals are prevailing!)" o irregular 
that it is difficult to prove any differen .e in age ; hu' 
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cl 
0 

inspection hows that where any difference is 
; ested galena appears to have crystallized 1ater than 

:~e blende. In short, galena is the late t of all the 
jnJportant primary ore and gangue minerals . 

Copper Ores 

CHEMICAL A D MINERAL COMPOSITION 

The copper-bearing sulphide ores are less readily 
~terpreted than the lead, zinc, or ir~n su.lp~ide .ores, 
as their primary content may not be easily d1 tmgmshed 
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would how a mall percentage of copper if complete 
analyses were available. The in variable pr ence of 
chalcopyrite even in the purest pyritic mas es, ' hich 
are wholly unaffected by alteration , and as micro copic 
inclu ion in zinc blende e tabli h it primary origin 
beyond question . In a few blanket bodi as well as 
in several veins chalcopyrite i unusually abundant, 
and as these occurrences are mostly within reach of 
downward-enriching waters::_their secondary origin i 
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FIGURE 5 .- D ingram showing lack or relation hetween sil ver content or sulphide ores and percenwge or galena in the ores 

from that clue to do' nward ulphide enrichm nt. 
Even in the deeper lev l of th min in arbonate 
Iron, and Bre ce hill condary halco it appea1 
a black powd r in the vug of the or , and unl 
analy e and spe imen ar xamin cl togeth r th rela
tive quantities of the min ral containing th copper 
can not be timated oven approximately . Many of 
tho ores contain hal opyrit , and probahly all of them 

ugg ted; but no vidence has b en found to prove 
that they are not local egregation of primary chal-
copyrite. halcocite, on the other hand, occur a 
ooty coatings of vug , film on pyrite and zinc blende, 

and fillings of fractures in primary ore. So far as noted 
it has all be n form d by proce of downward en
richm nt. It may therefor b tated that the primary 
ore all ontain minute thinly di minated grains of 
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chal opyrite, in mo t places too small for detection by 
commercial method of analy is , and that locally the 
chal opyrito may be uffici ntly egregat d to on titute 
a primary copper-bearino- sulphide ore; that the xi t
ence of e ondary chal opyrite, though po ible, ha 
not been proved, and that chalcocite of undoubted oc
ondary origin is pr ent in roo t ore that contain cop
per in comm rcial quantity. 

The percentage of copper in the undoubt dl:r pri
mary or i u ually low; it i not known to exceed 
3.5 p r cent and generally i very much lower. Com
mercial analy es of orne ore how con iderably higher 
contents of copper, but the copper may have been 
wholly or partly pre ent as chalcocite. 

Partial analyses of copper-bearing sulphide ores 

Ores low in s ilica 

2 5 

Cu - -- -- - - - --- -- -- -- ------------- - - - - ----- -- - - ------ 3. 90 3 0 3 0 3 25 2 90 2 30 
Fe -- ----- - - -- -- ------------ - -- - -- -- -- - - ----- - ---- - - 44. 40 41: 90 37: 50 42: 40 42: 0 3 · 00 
Zn ----- --- -- - -- ---- --- ----- --- - -- ------ ------- ---- - ---------- 3. 50 6. 40 3. 60 3. 00 5.80 (calculated)--- ___ ._ ___ _____ ____________ __ ____ ______ 49. 69 
I nsoluble ___ __ ---_- __ -- ------ -----_ ---- --- - ____ _ - -- -- ~1 __ 9_~-: -::-~----_--_i_:_5o_--_- ----2: 16-- ---- i:66-T --- i.-76--;_--_---_i_.'oo_--

~ifl~, ou~ces ppe r totn ____ __ ____ ____ ______ ____ __ __ ____ __ 

1 

. 035 -----.-635- -----.-63-- -----.-645- -----.-635- ------_-035 
v r, o nces er on _____ _ ---- - ---- --- - -- - - ------ -- -- 4 . 10 31. 50 11. 5 19. 50 I 15. 50 35 

lliceous ores 

Cu - - -- - --- - ----~------------ ---- --- - --------- ---- -
Fe ---- -- --- -- - ----- - - - - -------- ---- -- ----- ----- -- --

!~ aiub'l~~· = = == === == ====== = ===== ====== == = = = = = = === = === = Gold, ounces per ton ___ ____ _______ __ _______ ________ _ 

ilver, ounces per ton ______________ _ ------- -- --- --- -== 

Calculated mineral com position of certain copp r-bearing sul
phide ores 

Ores low In s ilica 

2 

Chalcopyrite __ ___ _____ ___ 11. 20 
Equivalent chalcocite.. (4. 90) 

10. 2 
-- -- ------Pyrite_____ ________ ______ 5. 65 1. 10 

Zn -- - ---------- - ----- - - ------ --- - 5. 26 

9 . 55 

I nsoluble ---- - - - ----- ---- 1. 70 •. ,. I 
98. 14 

Siliceous ores 

Chalcopyrite------------ - ---------- 11. 56 
p . Equivalent chalcocite _____ _______ ______ ___ _ 

ynte ----------- - --------- ---- --- - 46 43 
Sphalerite_ ________ __ _________ _____ _ 3: 70 
I n oluble ______________ ------------- 29. 40 

91. 09 

6 

6. 61 
(2. 7) 
77. 3 

. 67 
1. 90 

94. 56 

11 

9. 18 
(3. 9 ) 
41. 99 

6. 43 
32. 80 

90. 40 

9 10 11 I 12 

4. 00 3. 60 3. 45 3. 20 1 

~--
3. 20 3. 00 

25. 10 26. 90 25. 60 23. 40 22. 30 2UO 
2. 50 3. 30 2. 60 4. 20 4. 30 4.80 

29. 40 25. 50 29. 40 31. 10 32. 0 30.00 
. 19 . 24 . 20 . 13 . 13 . 10 

41. 5 61. 45 67. 6o 1 39. 0 52. 70 50.20 

A th copper in the o ores may be pre ent in IJuth 
halcocite and chalcopyrit , and the iron in p)Tile 

chalcopyrite, and zinc bl nde, it i impo ibl to calcu· 
late their mineral compo ition clo ly from the incom· 
plete analy e available. The copper in analy is 1 i 
equivalent to about 11 p r cent chalcopyrite, or nearly 
5 per cent chalcocite; that in analysis 6 i equivalent 
to 6.6 per cent chal opyrite, or 2.9 per cent chalcocite. 
~ o . 1 and 2 represent nearly pure ulphide ore but 
m the others, particularly in the siliceou group, calcu
lation of all the metals as sulphid would yield total 
considerably le s than 100 per cent. L ad and manga
nese were not reported in the e analy es and were 
evidently negligible. 

There are no con tan t relations· in these analy es 
between the precious metals and copper, though ores 
clearly enriched in copper usually contain more gold 
and silver than the corresponding primary ores. The 
gold and silver contents of the iliceous ore (Nos. 7 to 
12) are distinctly higher than those of the ores low in 
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.,,, section of Leadville sedimentary 
i::.nati0fl5, with intrus iVe porphynes 
~ ed,shmving r_elati e 1mportance 

af ore·bearmg members 

' Weber grits' 
(S11nthton~ end 6rh e 
wit/1/ayu-sofsandy 

Mals aitd occaslonal 
l~ntii!Jof tmpure lime 
~t.coe/ 

Downtown area in
cluding west slope 
Carbonate Hill Northwestern 

Car·bonate Hill 

•• 0 + . ... . 
• I • -t-+ t t 

·~· -·: :.·;._-- FirMc 

Ground between Shamus O'Brien 
shaft and Mikado fault 

I 
I 

Maid mine and v1crn1 ty 
Carbor.ate Hi II 

Dome.Relndeer, Bessie 
Wilgus,On!Y Chance,Hawkes 

and Vining m1nes ' 
western Rock Hill 

:--second
(ln 1907 ore 
been found at 

r thrs hori on 
;-- - on.lyinthe 
, rnrne.) 

EXPLANATION 

Wolftone mine 
Carbonate Hrll 

Crown Point.Pinnac le,Oro fa 
Plala,Hall, Offrcer, Stevens, 

and Rickard mines, 
Rock Hill 

Secon d con 

Seneca &haf 
S ray Horse Gu lch 

Moyer mine 
west of Adelaide fault 

Iron Hrll 

---

Robert Emmet mine 
Stray Horse Gulch 

WhrteCap and Cord winze5 
and 'liCinit,y 
Iron Hill 

Mahala.Gonebrod, Cyclops, 
Greenback

1
and RAM. mines 

Granam Park 

Fifth --- -

Goldshoot,Colorado No.2, 
and Hor:>eshoe m.nes 

lror Hill 

·~·.::.~:.· ..... · 

Old Mikado. Devlin, Venus, 
She;w;ngo.Highland Mary, etc.. 

N E..Graham Park 

Tucson m!ne 
Iron Hill 

flagstaff, Frenchman, 
and Belgian mines 

Adela ide Park 

Florence mine 
Printer Boy Hill 

COLUMNAR SECTIONS SHOWING POSITION AND RELATIVE SIZE OF BLANKET ORE BODIES IN DIFFERENT P RTS OF THE LEADVILLE DISTRICT, COLO. 
Vertical scale 
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Small Hopes. Fores t City, 
Elkin:;, Kerens, Denman, 

Cary Blaine,and other mines 
Stray Horse Ridge 

Little Ellen Hill and head 
of Evans Gulch, includ ing 

Resurrection,Sedalia, Fortune, 
li ttle Eller'\ New Years, Dia mond. 

Dolly B. and Famous1nines 

Monarch-Cleveland, 
V alley and Luema mines 

Evans Gulch 
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Pynte w1th 

B lende and pyri te 

PLATE 63 

Du k 5pots, .•n. hi5 pynte layer 
are all C<iVI ICS 

M i xed galena nd pyrite 
layers 

B\ende and py•·ite 

len de 

Blende an pyrite 

lende 

B lende and pyrite layer· 
w•th •·esembfance to 
e t.ectic texture 

pyrile 

A. BANDED TH UCT R E l i'l GALENA- P II ALEH ITE ~1 1 XT HE RE PL I NG W HI TE Ll\11•; TO;\ E !l E O 

B. OAH E !1 VARIETY Of llA ! O IN(; THAI\ T IIAT ' II OWN l l\ A 
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.. but the high percentages of precious metals may 

,j]ica, . h t 
dIe to ennc men . 

DeT~e siliceous copper ores do not differ materially 
those of a. more basic character except for their 

~:er percentage of qu~tz. They are mainly obtained 
~ fis urelike extensiOns of the blankets and are 
r;er di cussed under the vein ores, but they also 

ur a local modifications within hlanket bodi s. 
~ne of them were observed by the writer. ,,o 

TEXTURE AND STRUCTURE 

The chalcopyrite has four modes of occurrence-(! ) 
. minute specks scattered through the dense pyrite; 
~) as larger irregular_ masses filling vugs amo?g crys
ta, of pyrite; (3) as rrregular patches occupymg por
ion of minute veinlets in the solid mas es of pyritic 
onr (4) forming a large proportion of the ore rna s. · 

The minute specks are sufficiently numerous in 
~aces to impart a slightly deeper yellowi h tinge to 
!he pyrite, even though the percentage of copper is 
;err ]ow. They are too mall for their relation to 
adj~ining pyrite grains to be clearly determined. 
In the econd mode of occurrence the chalcopyrite 

~rt ly inclo es pyrite and is clearly later. In some 
places it i intimately mingled with dense black blende 
iosuch a way that the two appear contemporaneou , 
~e phalerite, like the chalcopyrite, partly inclo ing 
'hose pyrite crystals which project into the open cav
~ . As all the blende in the ore i confidently 
believed to be primary, the same inference for this 
rontemporaneous chalcopyrite appears justifiable. 

In the minute veinlets the chalcopyrite is mingled 
rith blende and galena and all three are vlearly later 
than the pyrite though not the result of ulphide 
enrichment. 

Chalcopyrite forming a large portion of the ore i 
comparatively rare but was ob erved in the Little 
l'iooie mine, on Breece Hill, and in the Maid of Erin 
mine, on Carbonate Hill. In the Little Vinnie mine 
he chalcopyrite is reported to have been rna sive, 
Jith many large cellular vugs . Th vugs w re 
filled with a mixtur of p rite cube , mangano iderite, 
andafew well-dev loped cry tals of marmatite. Thi 
occurrence of chalcop rite old r than pyri t and zinc 
blende is contrary to the usual relation ju t d cribed. 
Th~ ore carries 6 ounces of ilver to the ton but no 
noteworthy amount of gold. 

In the Henriett-Maid mine a banded solid mas of 
chalcopyrite, zinc blende, and pyrite was found. It 
was much alter d, containing sulphates both of copper 
and of iron in the cavities, and wa r ender d iridescent 
by coatinga of bornite on all the cavitie and frac
tures, so that at fu t glance it may be mi taken for 
olid bornite. Chalcopyrite was the only orio-inal 

copper mineral present. A polished specimen of this 
ore is represented by Plate· 5 , A, B. 

In this specimen the chalcopyrite occurs partly as 
layers and partly as fracture fillings. Thick layers are 
present at the top and bottom, and the fracture fillings 
extend from them, cutting rather sharply aero s the 
layers of blende but spreading along and partly replac
ing the layers of pyrite. This relation represents a late 
phase of primary deposition, just as the sulphides as a 
whole r present a later stage than the mangano iderite, 
and is similar to the relation of zinc blende to pyrite 
and of galena to both pyrite and blende shown in 
Plate 60, B. 

Mixed Sulphide Ores 

CHEMICAL AND MINERAL COMPO ITIO N 

The mixed ulphides are the common t ore of the 
blanket ore boclie and occur in all parts of the Lead
ville di trict. They have been developed in greatest 
quantity inN orth and South Iron Hill, East Carbonate 
Hill, and Graham Park and in considerable quantity 
in Breece Hill , Little Ellen Hill, Fryer Hill, and East 
Fryer Hill. They con ist of mixtures of pyrite, phaler
ite, and galena with usually subordinate quantities of 
quartz and mangano idcrite or feiTuginous dolomite, 
together with re idual shaly material and sericite from 
the alteration of included hale or adjacent porphyry. 
In some places they COil tain notable quantities of chal
copyrite. Theydifferin noes ential particularfrom the 
purely arbitrary type with dominant iron , lead, or zinc 
sulphides hitherto de cribed, into which they pa by 
imperceptible stages, but they offer some characteri tic 
features of structure and paragenesis which can not 
be noted in the purer types and which are of great 
genetic importance. 

Only a few commercial analyses of the mixed sul
phides are available, but these show the range of metal 
content and approximate mineral con tituent . The 
source of the ample repr ented by the analyses 
' a not recorded. 

Partial analyses of mixed sulphide ores. 

Fe. __________ ------ - -----------
Pb.. __________ -----------------
Zn ...• y -- ------ ----------- ------
.! n. ________ ___ ----------------
I~iubie ______ ------------------
Gold------- - ---------- -----
il ,ounces per ton------ - ----- 
' ''er, ounces per ton---------- ---

1 

17. 0 
17. 0 
23. 40 

. 50 

. 104 
1. 45 
. 03 

30. 40 

2 3 

16. 0 16. 60 
22. 60 10. 70 
21. 50 24. 50 

. 50 ------ ----. 045 1 6 
1. 20 3. 40 
. 05 Trace. 

13. 50 54. 30 

4 5 6 7 8 

-
16. 0 15. 40 15. 30 15. 20 14. 50 
15. 0 21. 40 23. 10 23. 00 27. 40 
24. 00 24. 60 24. 00 24. 50 23~ 05 

------ ---- . 50 . 60 . 70 . 60 
. 03 . 036 . 36 . 027 . 034 

---------- 2. 00 2. 0 1. 75 2. 10 
---- ----- - . 05 . 02 . 05 . 03 

11. 00 10. 50 10. 35 7. 95 9. 95 
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A P1Jroximale mi neral COin1Josition of mixed ulphide ores 

I 2 I 3 4 5 I G 7 
~ 

- -- -- ---. 20 26. 66 25. :i6 24. 2 Pyrite ---- --- -- -- ------- ---- --· 29. 65 2 2.J. 06 23. 613 
Galena _ .. ____ . ____ . _____ .. _. ___ 20. 56 26. 11 12. 35 17. 34 24. 73 26. 6 26. 56 22. 70 

Zinc blende (marmatite): 31.67 
34. 7 32. 04 36. 52 35. 77 36. 66 35. 77 Zn --- --- --------------- -- 36. 52 

Fe - - -- -------------------- 6. 29 

5 h 1- -· -::- ----- ' ;; 
6. 61 6. 45 6. 59 34. 35 

~In - ---- ----- - ---------- - - . 79 . 79 . 95 1.10 6. 20 
Argentite ___ ___ ___________ ______ . 06 . 02 . 02 . 01 . 95 

In olublc --------- - ------------- 1. 45 1. 20 3. 40 (a) 2. 00 2. 0 1. 75 . 02 
2. 10 ----~--

I 93. 67 I 94. 15 5. 63 1 5. 15 95. 09 9 . 73 96. 19 --97. 99 

Q ' Not determined. 

If galena ri e mu h abov-e 25 per cen t and can be 
profi tably concentrated, the ore is likely to be cla i:fi d 
commcr ially a lead ore, e p cially if the zin blende, 
which has not been readily eparated from the pyri te 
by proce in u e up to 1926, i not in ex e ov-er the 
p rite. Mixed ulpbides con isting ma.inly of pyri te 
and blende, with pyrite in ex ess, wi th le than 5 per 
cent lead , and with too little gold and silv r to pay for 
shipment, hav-e not been profitably t reated, and larg 
quantities of them hav-e accumulated on th mine dumps 
awaiting a profitable process of treatment. New proc
es. applied to the e ore in 1926 hav-e yielded 
encouraO'ing result . 

TEXTURE AND STR UCTURE 

The tex ure and tructure of the mixed ulphide 
offer feature of unusual intere t . There ar three 
well-marked vari t ie of structure which may be t b 
eparatoly de crib d- ma i e tru ctu re, c llular struc

tur , and banded or lay red tructur . 
M a ive tructure is exhibi ted by nonporou granu

lar aggregate of tho different ulphide which how no 
especial regulari ty in the r lati ve ize and di tribu tion 
of the grain . uch aggregate are · imilaT to the 
rna iv-e v-a rietic already described and general! pa , 
gradually in to lead, zin c, or iron ulphide. 

The ore having cellular tructure i filled with in g
ular cavitie , invariably lined with cry tal of on or 
all of the component ulphid e , togPthor with carbon
ate and, locally, quartz. In the e ellular mixtu r 
orne of the cav-itie ar rather large, but mor com

monly they are only a fraction of an inch in diameter 
and are cattered throughout the ore rna s wi thout 
regularity. In some ores the cav-itie may be so 
numerous that the ore becom a porous aggregate of 
nearly complete crystal of the different ulphide on ly 
lightly held together. · 

There are two kind of band ed or layer d tructure. 
One is due to preservation of the banded character or 
~e~ding of the o~iginal rock which the ore ha replaced. 
T~1 structu.re IS l commonly per ceptible in the 
m1xed sulphides than in the purer varieties but may 
be een on clo e insp ction along large face of ore. On 
fre hly broken face of ore a eries of parall 1 hadowy 
band appear. After the face i cov- red with the du t 

-- -- -
t.hat coli ts· on th wA.ll f st p s, th banding ~ 
brought out by the ad h r n of the du t to certain 
layers of th ore. Th oth r kind of layering 
banding i g n rally ind pond nt of b ddincr b 

0

~ 
clo ely rela t d to fracturin()' nnd p rm ab ili ty. u 

The parnJl I layer wb n n in broken oro !l j)p . .
1 

. car 
w par t n ar )' or q~ 1 t fr front unratur (pis. 
60, D; 63, A, B ) and m par t mark dly and compl tely 
curv- d ( ~I . 60 .A ! B, ; 61 , , D ). Le ommonly 
they con 1 t of cliff r nt e of lay r. in nn onformnble 
conta t. (Pl. 54, A, B. ) In plac Lh y ar fractured 
orfaui L d and r c mont db ulphi d mineral . (PI. 
61., A B,· 62 , A, B .) The lay r " her wollexpo edin 
th top ~r n t ha an elli p oidal, phericnl, 
or v ral- tded form. Th ore that is marked by 
roughly cir ulur hand on th walls of tope hn been 
eull d ' rin()'or ." Th ' rings"haveama-'Ximumdinm
etcr of 10 f t or mor . 1h y on i t for tho m t 

part of alteroatino- laver of pyrite and zinc blonde, but 
la 1 of ga l na are pr minent in place and imilar 
lay r " f ·halcop.rrit have been found in the 
HenrietL- 1aid min . (Pl. 5 , A B. ) 

Tho r elation of the e c ncontri bodi . to the in
clo ing lim . ton l av nod ubt that the) are rcplac 
mcnt depo it formed by rea tion botwe n the lime-

tone and olu t ions whi h pr ad from fra ture and 
open b dding plan in to the ro k. Tho proc i 
analogo u tothatwhich count. forLic. C'gong rings. 
The e rings were r gardetl by 0 t \\'ald 7 in 1 97 a 
due to reaction betw en a olu tion diffu ing from a 
central point and a ub · tanc~ contained in the medi
um through whi h diffu ion took place. Reaction 
progr ed un til the olution became upcrsaturated 
with one of the products of r action. Dep ition of 
thi produ t then took place, formino- th fu t ring, 
and continu d until the solu tio n became unde1 ~ttu

rated . R eaction was then r umed a the olution 
continued to diffu e, a nd in due time a econd ring 
wa formed. Repetition of the proce continued a 
long ~md far as the olution ould diffu e. Owing to 
progr iv-e depletion of th e originalrea0ting con tit
uent of the olution, a greater and greater di tance 
had to b e cov-er ed before upersaturation wi.th the 

7 Ostwald,. Wilhelm, Ze!tschr . phys. hern ie, vol. 23, p . 365, 1 97. 
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duct of reaction c_ould take place, tLnd the ucce -
~ rinQ'S wore depo 1 ted farther and farther a par t . 
'11e b h h · b d' h b · Esperimen t on r yt m1c an 1ng ave cen con-
tinued by Li egana and other . The m~dium u ed 
. the earlio t and mo t of the later xper1men t wa 
Jlllatin containing some compound which could react 
~th f,he diffusing solution; but it ha been shown that 
ther material, such a and and diatomaceou earth 
~ntaining por or inter ti e f capillary ize, may 
ro erve a a medium. Lie egang 8 in 1913 pub
· edageneral account of proc e and law of diffu-

;ion, discu sing exp rim ntal re ult obtained by 

A 

clop ndent on relative concentration and rate of 
diffu ion. 0 twald ' explanation that the rings were 
clue to rhythmic attainment of super aturntion ha 
been que tioned, partic ularly by Hat chek,ll but it is 
trongly upported by tan field and others cited 

by him. 12 

Experimental work thu far ha differ d from nat
ural rhythmic replacement of carbonate rock , in that 
th reacting sub tance have diffu eel in an inert m -
dium, wherea the carbonate rock i both r eagent and 
medium. The rqall quantity of organic matter, 
particularly in the Blue lime tone, may have contrib-

FIOI! RE 59.-Diagram illus trating the de,·clopment of concentrica lly bnnce re by the replacement of lime tone 

himself and 

'L p ny, R. E., Oeologinlbo Diffusion n, 1913 Pp. l , l4 - h9, 14~155 are 
d i>articular inlercst In conn ction with rhythmic rep laceiiJent of limestou . 
!triewed by Adolph Kn opf (Eron. Geology, vol. , pp. 03-SO• , 1913) . 
'Dreaper, W. P ., Pre=ipitotlon and s traWlcatlon In the nbscn e of g 1•, and 

illl1 bearing on the formation of mineral depo.<it~ : In t. Min ing Met. (London) 
Bun. vol. 21, 1914 , pp . • t -391. 

•StansHcld, J ., Re tarded diffusion and rh ythmic precipitation · Am . Jour. 'ci .. 
' llllter., vol. 43, pp. 1 -2~. 1917. 

uted to th r action, but th important facto1 were 
the carbonate min ral themselve and abi li ty of the 
olution to permeat along boundari b tween grains 

and mi r opic crack . ariation , hape, and ize of 
th layer~ Ill' attributed to variation in permeability 
and mp ition of th carbonfLte rock and to differ
en c in on en tration of th invading olution. 

Th impl t as imaginable occurs wh re olution 
pread to both ides of a fracture and produced ore 

' ith la cr parall l to th frn tu r (fig. 59, ) . Where 
th open ing along which the olution arri eel 

11 Hntschek, E., Zeitschr. Chernie I nd. K olloide, ,-ol. 10, p. 121, 1912. 
" ton fil'ld, J ., op . cit., pp. 3-6. 
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pipelike enlargem nt o£ a fracture, th layers form d 
oncentrically around th ' pip " (fig. 59, B) . I£ t \ o 

or mon·. 'pip ' ' ere ufficiently lo e tog ther, tho 
laye from each gr w together into complicat d form 
re embling intricate contortion of shal or chi to 
rock. 13 Th great mn es of layered oro, howev r, ar 
morocomplicatcdandmavcon i tofanumb rof phcr
ical , elliptical, or irregular unit . Each unit i bounded 
by intersecting fracture along which the olution 
moved and repr ent a replac d block of lim too . 
The dimension of the unit depend upon the di -
t~.:ibution of the fracture and the uniform or ariable 
perm ability of the lime tone block. Typical varia
tion are hown diagrammatically in Figure Fi9, C. If 
the rock wa uniformly p rmeable the layers of ore are 
regular; if the rock wa more perm able at one point 
than another · the layers of ore extend farther from th 
fracture and are broader in the more permeable part. 

Short fractures branching from the main fractures 
give ri e to imilar i.rregulariti . These irregularitie , 
as een in mall pecimen or in smooth wall of stope , 
resemble the contortion that are common in di turbed 
haly trata; but in large bloc}~ of ore, where the 

irregular laye1 can be seen in their entirety, the e 
lay r are o clo ely a sociated with ab olutely undi -
turbed layo1 ' that they can not be explained a due to 
any form of compr ion. Where eli turbaoce ha 
undoubtedly taken place, either through uneven set
tlioa of the newly formed layered ore or through earth 
movement , the layer are fractured or faulted. Frac
turing or faulting is much more likely to take place 
than folding, particularly in ore that consi t largely 
of the hard, brittle mineral pyrite. 

The unconformable relation shown in Plate 54, A, 
B, i interpreted as the r ult of interference between 
two group of layei-s growing from different fracture . 
The pecimen represented is too small to how this 
relation in as much detail as would be de irable. 
Group a represents deposition in uniformly permeable 
rock, replacement progre ing upward with respect to 
the pecimen. Group b repre en s deposition whoro 
the solutions could permeate horizontally more ea ily 
than vertically. Group a had developed in broad 
layers nearly to its upper limit, where progre , pre
sumably becau e of a le s permeable layer of rock, 
was much slower and resulted in closely paced narrow 
layers. At the same time group b had developed in 
an oppo ite direction until it approached or reached 
the upper limit of group a, where its downward prog
ress was arrested; but it was till able to move to the 
right, parallel to the top of group a, against which it 
layers ter:minated abruptly. After depo ition of group 
b was completed the ore was fractured across the lay
ers of both group and recemented. 

Where only two ore minerals are present they ap
pear at first glance to have been deposited in rhythmic 

" Licsegang, R ., op. cit., p. 13 . Knopf, Adolph, Oeology or the Seward Pen in· 
sula tin deposits : U. . Oeol. Survey BuU. 358, p. 46,1908. 

alternation- a lay r of pyrite followed b 
bl nd and by another of pyrite; but they .

00

1°. 0f 
h . 1 f h d'fi · t e atrve t 1c m ses e 1 er nt rom ral layers v . 

siderably, a sh wn in v ral of th a comatycon-
illustration (pls. 54, A, B; 60- 63 ) and the rhpatnhyJng 

1 · ld h b . ' Y nuc re atwn cou not ave n I erf ct. Moreover 1 
h . d . . l h l . ' w lerc a t 1r mm ra , uc a ga ena, 1 prominent in om 

parts of a lay r d ma and not in other the ap . e 
rhythmic relations are further distmb d. Cl pat~nt 

. fh h oem. pectwn o t or , owevor, how that the lay 
1 . bl d l . eJ 0 

zmc o~ e or ga ena nr conn t d w1th vcinlets of the 
arne nuneral that ut a ro s the laye1-s of pyrite ( Is. 

60, B- D; 61 A- ; 62 , A, B). Lump of ore of cp _ 
siderabl ize 1ay be f~uncl i~ which no such vein!~~ 
nr pre nt, but th v ml t m g neral appear to b 
ufficiontly num rou to warrant the conclu ion th ~ 

the lay 1-s of zinc bl nd , gal na, and rarely chnJc
11
• 

pJI·!t wer d po i.tod betw en arli r formed layers ~f 
pynte from olutwn that ext ncled along fractures 
and pr ad along the between th pyrite layers. 
~he common occulT nc of pur band d cellular py
nte ha air ady be n noted. It " as originally more 
pr valent, but in place ha been p rm ated by zinc 
lead, or copper sulphid olution an l converted int~ 
the lay red mixed ulphicle or . 

In some place tho lay r d pyri e wn not only 
crack d but liahtly to thoroughly battered before 
the depo ition of later sulphide in the irregular void , 
with colT ponding complexity in the texture of the 
mi: ·ed ulphide ore (pl . 60, A,· 61 , B; 62, A ). In a 
few plac the mall remnant of pJI·ite may be so 
venly and thickly eli tributed among the zinc blonde 

or other ulphide aggregates a trongly to suggest 
im ultan ou depo ition; but if uch a. mixture can 

be traced for a short distance it will be found to grade 
in to the more normal banded or or to connect with 
veinlet of es entially pure zinc bl nde. 

The pyrit ' as not everywhP.re depo ited in imple 
band but locally form cl hort rodlike or columnar ag
gregate tran verse to a rather ob cure banding. uch 
o.ggregate a are e n to-day are in part cellular and 
in part mixed with zinc blende (pl . 61, D, and 63, B) 
in a manner to ugge t that the two mineral grew 
simultaneously. The writer (Loughlin) has een very 
little ore of thi variety, but what he ha seen proves 
to be connected with veinlets of zinc blende and is 
interpreted a a rna of cellular pyrite who e cells were 
later filled with zinc blende. 

In some places pyrite during the :first stage of ore 
deposition may not have completely replaced the lime
stone, and the zinc bleride of the later stage not only 
filled voids but completed the replacement. uch 
conditions would give an excess of zinc blende, which 
would inclose isolated crystals or small aggregates of 
pyrite. Other local variations in physical conditions 
could multiply the variations in textme of mixed ul
phide ores, but it is believed that all, if closelystud;ed 
and tra.ced to contacts with the more ordinary varieties, 
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he interpreted as due to ucc s ive tages of depo
tjD 

0
_jjrst, pyrite ; econd, zinc blende alone or in 

:JI!O h ] h. d h ' d . h l · t excess over ot er sup 1 es; t 1r , e1t er ga ena 
rt~alcopyrite alone or in excess over other ulphides . 
~h writer ha found banded ore containing pyrite, 
okede and galena in which the minerals were clearly 
J ~i~d in three ucce sive tage . The laye1 of 
~ ode were connected with einlet of blende that 

pure rna e of zinc blende all contain pyrite, orne of 
which may have been depo ited at the same time a 
the blende and some of which may represent the first 
(pyri tic) stage of ulphide depo ition. The econd 
stage took place when the olution had become uper
aturated with zinc blonde. All layers of zinc blende 

were depo ited imultaneously, or a oon as the voids 
between pyrite layers became filled with saturated 
olution. There was no rhythmic alternation between 
olution and deposition, except where remnan of 

unreplaced carbonate rock were reached, and even 
there banding was not very conspicuou , as replace
ment of carbonate rock by blende was not marked by 
any great decrease in volume . 

e cut the pyrite layers, and the layers of galena were 
nnected with veinlets of gal na that cut not only 

~e layers of the other two minerals but the veinlets 
c1 blende as well. Layers of chalcopyrite connected 
~th veinlets that crosscut blende and pyrite and 
appear to replace part of the pyrite are hown in Plate 
. , A, B. The pre ence of both galena and chalcopy
rite in the same mass of layered ore has not b en ' 

noted. 

The relation between blende and galena and be
tween pyrite and galena were similar to those between 
pyrite and blende. Blende wa nearly all deposited . 
before deposition of galena began . If a eutectic or 
triple point existed it was after the olution had lo t 
nearly all of its zinc and iron. 

These ucce i e tage of depo ition agree with the 
relative order of cry tallization in the other varieties 
~ ulphide ore. They al o help to explain the segre
!'!tion of relati vely pure mas es of blende and galena. 
The olution of the econd or third tage must have 
mored where opportunity allowed. If they could not 
!.iCSPO from the place where the rock had already 
llren replaced by pyrite they filled voids in the pyrite; 
uthey could e cape and reach a mo. of replaceable 
rook they formed the relatively pure hoot of ble nd 
or galena. 

To judge from the rclati quan t1t1 of ulphide 
minerals in the Leadville di trict the original ore-form
inu olution contained, be id silica and other non
metals, iron in gr at abundance, consid rable zinc, 1 s 
lead,and very lit t le copper , be ides minute quantities 
~ other metal . The principal O'angue minerals, 
quartz a.nd mangano ideri te, were deposited for the 
m t part by the replacem nt of dolomi te or lime tone 
before the sulphid except for a mall amount of 
pyrite. When conditions permitted the depo ition of 
sulphide in large quantity pyrite wa the mo t on
rentrated and the lea t soluble con tituent of the solu
tion. Its d p iti n wa caus d b r a tion with the 
carbonate rocks, but th volum of r k di olved was 
greater than th olum of pyrite d po it d. the 
solution p rm at d the rock from th fe dinO' fractur s 
solution took plo. until quilibrium b tw n olution 
and rock ho.d b en r a h d or lightly ex edcd and 
p)Tite wa cl po it d. po ition continu d unti l the 
solution became und naturated ago.in, and olution of 
carbonate rock wa r um d until pyri te wa forced 
once more to pre ipitate. olu tion and d po ition 
alternated mor or le rhythmi cally whil the olution 
advanced into the rock until an unr placeabl barrier 
ns reached or the supply of pyrite wa exhau ted. 

Whether a eutectic point between pyrite and zinc 
blende can exist in o complex a oluti n i not known. 
If one do e , it i evidently reached nly ' h n the 
ratio of pyrite to zinc bl nde is v ry lo> . The nearly 

The relations between pyrite and chalcopyrite were 
al o s imilar to those between pyrite and gal na. If 
imultaneous deposition took place it was only after 

the solution had been almost depleted of iron in exce s 
of that needed to form chalcopyrite. The r lation 
b tween zinc blende and chalcopyrite were imilar. 

o far a the layer ed ore is concerned the chalcopyrite 
wa formed during a later stage than the blende, but 
much of the blende contain microscopic inclu ions of 
chalcopyrite, which mu t have been deposited with it. 
The outer parts of blende cry talc; in v u!lS partly inclo e 
chalcopyri te in such a manner a to suggest that the 
growth of the two mineral overlapped. From thi 
relation as contra ted with that between bl nde and 
galena it m ay be inferred that ulphide olu tions con
taining con iderable copper, iron , and lead would de
po it chalcopyrite first bu t would begin to depo it 
galena al o before the depo ition of halcopyrite ap
proached completion. o evidence wa found that 
would ugge t the hattering of arlier formed ul
phide by crystal pre ure of tho e formed later, nor 
wa an con pi uou amount of replacement of earlier 
by later ulphide noted . 

ORES CONTAmlNG BISMUTH 

Or with high content of bi muth and ilver and 
u ually \ ith hiO'h content of gold al o have been found 
only in mall quantity. The mo t noteworthy occur
rence have been in the Lilian, Ballard, and Tucson 

1 mine , but a ay how that bi muth i present in ev
eral oth r mine , principally in oxidized ore. The 
only original bi muth mineral thus far identified is 
the ulphide bi muthinite in a microscopic intergrowth 
with argentite and galena. Thi intergrowth was 
formerly called "lillianite" or " chapbachite." ( ee 
p. 170.) It was fir t found in the Lilian mine, but 
the writei ha e h ad no opportunity to s tudy it there. 
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In the Tuc on min it coat d cr u tifi d ore whi h lined 
a i tic in am brian q uar zi tc, u d crib eel in detail 

in hap rs and 13 (pp . 170, 2 9). In the Ballard min 
nuclei of the am intcrgro\ th were found in the cen
tm of lenticular bun h of yello" ocherou oxidized 
gold oru. Thi ocherou or wa al o accompani d by 
thin len of blui h to whiti h bi mutitc. 

Th ore containing bismuth hav not b en rtem
a ically worked for that m tal, and li ttl information 
beyond the d cription of th component min ral i 
availabl concerning them. Exploration ha however, 
pro eel the pr ence of bi muth in appreciable quan
titie , particularly in the oxidized ore of Breece Hill 
and al o of Iron and arbonate hill . In ruo t of the 
sample as ay d the bi muth content wa 1 thnn 1 
p r ent, but in ex eptional amples it was a hiah as 

. 9 per c n t . The ample on. i ted mo tly of yellow 
.earthy material and evidently contained th ell ow 
oxidP, bi mito, but orne of the except ionally rich am
pies were described a " blue cla ' and evid ntly con
tained the ba ic carbonate, bi mutit . 

The content of gold , ilver and lead in th e oxi
dized ample wa trikingly low in contra t to the 
sulphide ore, and howed no relat ion to bi muth. 
Gold in mo t of the sample amounted to 0.02 ounce 
to the ton or le , and ilv r , with few exc ptions, 
amounted to less than 5 ounces to the ton . An excep
tionally rich sample contained 0.4 ounce of gold and 
and 76.5 ounces of ilver to the ton and 0.13 per cent 
of bi muth. 

RELATIO OF VEir TO l3LA)<KET ORE BODIES 

The preceding di cu ion ha et forth in orne 
d flgree the mann r in which minor blanket ore bodi 
connect with the vein either a lateral off hoo or a 
upward termination . The ore that have been mined 
from the e connecting blanket rna es are nearly all 
similar to tho e within the vein and different from 
the ore that form the larg blankets in the we tern 
part of the di trict; but gradation between the t\vo 
kind of blanket or have be n e tabli hed at a few 
plac . 

For a long time, however , no appar nt conn ction 
between the two kind of blanket ore had been found 
or appr ciated, and there wa · an inclina tion to regard 
them a eli tinct in origin. They w i·e o r egarded 
by Moore 14 and, tentativ ly by Irvina, but evidence 
brought to liaht after Irving' Ia t vi it to the eli triot 
favor the view that all the ore were form d at en
tially the arne time . As the pre en t writ r (Loughlin) , 
ho ' ev r , ha not be n able to examine places cited 
by other a affording evidence again t thi view, he 
doe not regard tl) que tion a finally an wered and 
leave the reader to draw con lu ion from the follow
ina ummary of the evidence on both ides . 

Th available analy c (pp. 193- 201) how that the 
main blanket ore in the we tern part of th eli tricL, 

"Moore, . J ., Recent de1·elopment ; at Le ldvi lle, Colo. (discu sion or paper by 
0. M . Butler entitleJ "A Lc~dvillc o·sure vein") : Econ . OeJbgy, vol. i, pp. fi90-
592, 1912. 

wh ther oxidized or not, ar n arly all r lativc) , 1. 
in il r and low in aold. Where completely or) 

111~ 
x idized th hav b ,n enri h d in ilve;.a~ Y 

not in go ld or copp r .. Th re are notabl xc ptio~t 
. f wh1 h erve a on nccting l in~ 
1l r or . f th blank t and the old

copper or of the vem~ . The "gold or hoo~" . 
Iron Hill 15 whi h w unus \lally high in gold th 

1
h0 

· · bl ld f d · · ' oug n~ v1 1 go wa oun m It. wa remarkable for 
lymg b twe n h oot of th ordmary ilv r-lead 

0 
.· 

Xl-

dize~ oro . . ~ t ha not been a?c . i~J in r cent years, 
but _I t po 1t1 ,n and the d tad of 1ts outlin (pl. 26, 
ectwn M- M and fig. 56) uag that it may be 

more directly connected than the other hoot with 
the Tuc on fault, whi h erv d as a chann l for a ceo-
ion of the original ore-forming lution . Thi 

sugae ted r elation i imilar to the pr v d relation 
uc twe n gold-copp r or and zin -lead or in the 
Tucson mine (figs. 1 and 20). Theru typical phale
rite-galena or r pla ing White lime. tone extend d to 
the fau lt wher it grad d into pyrit -chal opyri te ore 
nriched b chalcocite, gold, and iho r in a iliceous 

ganau . The pyr it ic opp r oro vidcntly favored a 
iliceou envi ronment- either quartzit Gray por

phyry, or aoug d rived from them- bu t it did not 
extend far into tho lim t ne b for it aavo way w 
the phalerit -gal na ore. The or bodie of the Tuc
on min e ar d criberl on pag 2 9- 292. 

The ord vein (fig . 21 -23) pr ent the trong t 
evidence of dir t connecti n between th two kind 
of ·ore. t th lower 1 vel it li b tween wnlls of 

ambrian quartzite and i a typical iliceou pyritic 
ore, containina irregular! di tribu t d gold and copper. 
It highe t-arad or i in part clearly nriched by 
chalco ite hu t in part without v i ibl ian of enrich· 
m ent. imilar or i fou nd in Gray porphyry ill nnd 
al o in the Partina quar tzit ; but wh re he nin 
cro heel of White lim tone it spr ad out nnd 
form blank t f sphal rite-galena-pyrite ore, which 
have thei r longe t ax along tho vein. There i no 
e id u e Lhat th v in diff r in ag from the con· 
nccted blank t . The e ore bodie are de cribed on 
pages 2 7- 2 9. 

imilru:· vidence may have b en ex p -eel in and 
near the Wolftone mine a long tho Tu on-Maid re· 

er e faul t. \ ein of rich ore containina opp r hare 
been worked there and apparently wer e connected 
with larg replacement bodi of ordinary zinc-iron-lead 
ulphide or , but no adequate account of the relation 

ha been pre rvod. The conn ection of blanket ore 
boclie with the min eraliz cL Tu on-Maid fault hn 
been hown by purr. 16 

. 

On the sev n th level of he Greenback min a ,-erll· 
cal vein in a branch of tho Tucson fault bebrcen 
Cambrian quartzi te and upturned bed of the orcr· 
lyi ng " tran it ion shale ' contained ore that re embled 

" Bllw, A. A., Th g ology and ore deposits or I ron Hill, Leadville, Cob.: .\ m. 
l ost. Min. Eng. Trnn ., 1·oJ. I , p . 16 , I to. 

" purr, J . E., Tbe ore mlgmR~ . ,·ol. 1, p. 353, 1S23 . 
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h 
ore of the Winnie-Luema vein in the kind and 

16 f . . l I . . b o" lribution 0 Jt IDJOera · t was VI 1 ) - enriched 
copper, but no a say record of it w r e obtained. 

Jll It Jay directly below th large blankets in White 
aod B]ue liD_lcstone that formed the principal ore bod
.. of the nun e. The ore between the lower blanht 
and the acces ibl e part of the vein was aid to have 
wn con iderably enriched in ilver. Much of the 
ore in the e blanket was low-grade pyrite with lo cal 
!hoot of zinc-lead ore . The predominance of pyrite 
so near the vein is in harmony with the general ev i
oence of the di tribu tion of the ore , but the condition 
of the workings, when vi ited in 1919, prevented a 
borough tudy of the ore bodies. 
The absence of zinc-lead ore in the blanket con

nected with vein in tho ea tern part of the di trict 
h been ited a oviden e that the e blfwkets ar not 
to be corr la ted with the large blanke in the we tern 
part; but zin c-lead ore wa ob erved in the Golden 
Eaole workine:s and in the 20-a vein of the Ib x min , 
in Breece Hill. The v in in the Gold en Eagle work
in. (fig. 55) are mo tly too mall to be productive 
themselves , although their min ral compo ition i 
ypica l of the enri hed py ritic v ins; but they erve 

as lend. to mall blanket bodi that r eplace thin
bedded haly Whit lime tone between rather clo ely 
paced heet of porphyry. The mal le t of th e re

placement depo it are mer bulge alono- he narrow 
rei1 and do not differ from the vein in mineral om
position unle in havino- a greater p rcPntage of quartz . 
The larger blanket areal o of imilar compo ition for 
d ort di tanc from the vein. but far th r awa they 
chang<' almo t abruptly in to mas i ve phaleri te-galena 

'ore carryi ng a f cw ouo e of ilver to the too and very 
little gold. The effe t of ili ceou ro k on the ore elu
tion wa e' idently not ov rcome until a con id crablc 
quantity of arbonatc ro k had been replac d. 
Careful cru tinyofthe junat ion of>ein au'd blanket 

m the Golden Eagl workioe:s proved hat the mineral 
in both were d po ited at th am tim . lr>in o-' 
obsermtions on th 2 - a Ye in f the Ibrx mine a r 

prcinlly io-nificant. Thi '" in wa- found n th 
tenth len~] and wo followed up,,·nrcl nrarly t 
sc1'enth 1 ,. 1, wher it t rmin11tccl in n blnnke . 
vein con ' i eel of coat - n1 in d py11it and chol
copyrit enriched by hnlco it . Th hlnnk t on th 
contrary, wa v ry low in ppt•r min rnJ but on-
taincd 25 3- per cent of zin bl ndc. ompl t 
ana ly' C tho tw vari tic of or arc n a Yailft blc. 

Th min rs in Br c Hill pr clueing gold or bat 
may contain ol o ·on ' id rabl copp r and ilvcr, t p 
mmmg wht'n thi or p in to th ·phalcri to-galena 
~re, which vid ntly do not pa for the co t or min
rna and tr A Ling. Thi phal rit -o-alcna or i n
tJally id nti nl in chara t r ~ ith th zin -iron-lead ul
phide or f . Iron and arb uatr hill but th ore 
~oots ar mal l r . Th fact , th r for that the prin

Cipal ore h blank t con n ct d with 

veins in the Breece Hill ar a are the gold and gold
copper ore does not prove that there arc no zinc-iron
lead or present. 

The ab ence of extensive blanket bodie connected 
wi th the larger vein i attributed to phy i al ondi
tion . A omparatively thin layer of gouge alono- the 
vein wall erves as an effective seal to keep th olu
tion within the fl8 ure. The ab ence of replacemen t 
bodies in the White lim tone along the vein in th 
Lu ema mine (fig . 104 and 105) may be du e to thi 
cause, although it mu t be admitted thnt the lime
stoo has not been inten ively prospected for roplace
m nt bodies that have been fed through minor frac
ture connected with the main vein. The Whit 
lime tone i o haly in the Breece Hill area that it i. 
not particularly favorable for ext n i e repla cem ot , 
and it i plit into o many thin layer b • porphyry 
sill that the formation of thick blank t i furth r 
prevented . 

There have been few opportunities to study blanket 
along the vein in Blue Jim tone. The po ition of 
blanket top in the Blue lim tone of th Tbex min , 
how ver (pl. 57), strongly indicate their c nnection 
with vein . The oxidized or mined from th m was 
lead carbonat , orne of which was rich in gold. The 
Little Jonoy stopes near the Ibex ro. 1 haft have 
be n famous for the gold mined from them in th early 
day , and shoot of zinc carbonate ore directly con
nected with som of these tope have been mined since. 
One feature of this zinc ore i th pre ence of auri
Ghalcite, the ba ic carbonate of zinc and copper. 
There thu appear to have been mu h zinc and I ad 
as well a gold and copper in the oTio-inal ore of the e 
blanke . 

Two fact •ery difficult to r concil ar · the direct 
connection of blank t of iliceou gold or e wi th the 
outhern part of th Winni -Luema >ein and th lack 

of conne tion b tw en t h old top of lead carbonate 
1 and the northern part of the v in. It i po ible but 

can not be proved tha t h re, a in ertain other im
iJar top , th mioino- of the ilic ou ore w topped 
wher the zinc blend b arne dominant. The old 
lead carbonate tope wa not ace ibJ when the 

1 Lu rna mine wa tudied in 1913. A minor v in of 
mixed ulphid or (fio-. 104) wa followed to ... ,·ard the 
blnnket top bu · b cam too poor for working or 
pin h d out bef re th stop wa lo ly approa heel. 
The t pc extend d n arly to the vein but i not known 
tohascrea h ditatanypoint. Theimmediate ource 
of the or in the blank t bod v has not been found, 
.tnd th o curr n lend littl upport to eith r >i w 
rco-ardino- the r lati e ag f the lode ore and the 
larg blanket d po its of zin -ir on-lead ore . 

G. M. Bu t] r 17 in di u ing the depo it ion of the 
or in the Lu rna mine ugg t d that the blanket 
d po. it ould hav been fed through narrow fi ur ~con
n ct d with the main v in , and he wa n t fu·~t inclined 

" Bul.ler, 0. ).1. , A LO.ld\•ille fl· sure vein: Ecou. Geology, ,·ol. i , pp. 315-323, 
1912; olorodo chool or Mines Quart., vol. , pp. 1- , 1913. 
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to r eCYard the blanket and the main ein a on tempo-
"' raneou , but Moore 1 con tended that they were of 

different ag and cited places where blanket bodies 
had been cut through and locally nriched by later 
veins. According to information furni hed by Moore 
to Irving, the Ella Beeler ea t ein , in the Iowa Gulch 
area, cuts directly acros a blanket ore body at the 
top of the White limestone, and the ores are di tinct 
and how no connection with each other; but no de
scription of the intersection or of the compo ition of 
the ores is furni hed , and there is some question as to 
whether the iliceous pyritic ore along the vein is o 
different from the zinc-lead ore (or lead carbonate ore~) 
in the blank t as to afford a pre umption that the ein 
actually cut the blanket . . 

The preceding paragraphs may be ummarized as fol
lows: everal veins and connected blankets in the 
ea tern part of the di trict have been proved to be 
contemporaneou , and in some of them the siliceous 
pyritic gold and gold-copper ore in and n ar the vein 
have been found to pas into and not cut aero zinc 
blende or mixed sul.Phide in the blankets . The Cord 
vein and its connected blanket afford similar proof 
in the western part of the di trict, and the tran i tion 
between siliceous gold-copper ore and zinc-lead sul
phide ore in the Tucson mine is al o proved. At 
other places in both parts of the di trict the same re
lations are sugge ted, but record::; are inadequate for 
proof. 

The comparatively small size of the blankets in the 
eastern part and the great number of veins near them 
favor the inference that both are contemporaneou , 
but the great number of large blanket and the scar
city of veins in the western part are not so easily 
explained. The scarcity of expo ed connections be
tween these blankets and veins is par tly due to meth
od of development, particulady of the " fu·s t contact ," 
by inclines along thoroughly oxidized ore bodies, partly 
to the fact that small vein cut beneath the ore bodies 
have been overlooked or have offer ed no incentive for 
exploration because of their small size. Exploration 
has been sufficient in places, however , to demon trate 
the absence of per ist ent vein beneath orne ofthe large 
blanket ore bodies. 

o vein have been found associated with the blank
et between ills of White porphyry at Fryer Hill. 
The e blankets, however, were thoroughly oxidized and 
the pre ence of underlying veins was greatly obscured. 
Furthermore, during Emmons's first urvey very little 
work had been done beneath those ore bodies, and in 
later years any evidence that may have exist d has 
been concealed by timbering and waste filling. Recent 
explorations in the White limestone of Ea t Fryer Hill 
disclo ed one fissure along which the limestone was 
impregnated by a little quartz and pyrite, but no per
si tent vein was found, and it is concluded that th 
ore-forming solutions, whatever their ource, must 
have traveled for considerable distances along bedding 
planes or "contact ." 

"Moore, C. J., Econ. Geology, voL 7, pp. 5:l0-592, 1912. 

imilar remarl apply to oth r large ore b d. 
particularly in the oxidized zone, and Emnl'on ° 1~' 
had earched for min ralized fis ures beneath \~ 0 

but ' ho died before the ignificant evidence of:: 
ord an~ Tuc on mines. wa~ di .l~sed , was ju t i fie~ 

to a con 1derable degree m dts red1tmg the contro!li 
effect of :fis ures on the dis tribution of ore bodi n~ 
Th elongate shapes and parallel arrangement of~h 
ore bodies, however, trongly indicate that fissures 

0
: 

battered zo.nes s rv_ed n chann~l for circulation of 
the or -formmg solu twns beneath 1m pervious cappin 
Th e £is ur , as hown in chapter 5 (pp. 63 1) ,,.

6
gs. 

. ' , " re 
local f atur formed at the time of the Gray porphyr 
intru ions and sub equ nt to the p riod of folding an~ 
re e1 e faulting. The different degre to which the 
different rocks yi lded to th e stresse account for the 
presence in the Blue lim tone (dolomite) of fractures 
that do not ontinue into or through the adjacent 
porph ry ill or th haly bed at the top and base 
of the P a.r ting quartzite. Only the major faul ts and 
fi ur " re continuous through all the formation 
and it wa only ' here they were sufficiently clo ed 0; 

defleeted by the more flexible rock that condi tions 
were favorable for replacement of the lime tone . At 
uch places the ore-forming olution ould b deflected 

along bedding plane or along local fracture or bat
tered zones between hale bed or porphyry sills until 
they were topped by orne barrier, and the resulting 
ore body might be a con iderable distance from tho 
trunk :fis ure through which the solution ro e. To 
trace the cour e followed by the olution would be 
no simple mat ter even if mine workings had been 
driven for that purpo e, and to trace them in the 
workings that exi t i impossible. 

As the viscou porphyry intru ion wer deflected for 
long di tanc from the trunk conduits, it is quite con· 
ceivable that th more fluid ore-forming solutions were 
deflected ven £arther. They clearly rose tb.rou~;h 
trunk fis ure like the Cord vein and through the fis. 
ured ground along the Tucson-Maid fault. Portions 

of them were doubtle deflect d from these trunk 
channel at different horizon and followed available 
channel at tho e horizon in directions quite different 

1 from tho e of the trunk channel . Thu the ore bodies 
of the Carbonate Hill area a.re believed to have been 
mostly if not wholly deposited by solutions that roe 
along the Tucson-Maid fault zone and by more or less 
deviou paths reached the "contacts," which they fol· 
lowed eastward to Graham Park and westward to the 
Downtown area. They may even have followed the 
"firs t contact" northward through the Small Hopes 
ground to Fryer Hill; but it would not be surprising 
if another local source of supply were found omewhere 
beneath Fryer Hill and beneath the pyritic ore in the 
mines of East Fryer Hill, imilar to those in the ew 
Mikado and Penrose mines (pp. 274,277 ), which supple· 
men ted those from the Tucson-Maid fault zone. 

"Oral communication to J. D. Irving. 



CHAPTER 10. GE E I OF THE HYPOGE E ORE 

Toone who hRs read the foregoing chapters it will be 
~rious that the autho1 believe the ores to have been 
~posited by magma~ic :va~ers. The evidence on. which 
h ir bellcf i based IS 1mllar to that presented m sev
:l reports on mining di tr.icts during the last 15 or 20 
riAnl and does not add anything. strikingly. new to 
·Jrancc our knowledge of ore genesiS. For this reason 
~is a temptation to dismis the subject of genesis 
~thout further comment; but as the present conclu
ioodiffers radically from that xpressed by Emmons in 
-.. monograph and by orne 1 er writer , it is worth 
Jhile to give as clear a picture a possible of the ori-
ioof t.he ore and the relations of different kinds to 
'ne another, and this review of the evidence will be 
ctically helpful in the earch for new ore bodies. 

Emmon 's conclusion that the ores were formed by 
replacement of the wall rocks has since been ub tan
iated by o much eviden e both at Leadville and else
rhere Lhat no further argument as to this feature of 
~ problem i nece sary. Depo ition in open spaces 
;ook place also but wa very u bordinate to replace
!ent. Emmons believed the ore to have been derived 
from the porphyries particularly the White porphyry, 
rhlch wa the thickest and overlay the most exten
m-e ore bodies. As the veinlike off hoots extending 
downward from the main blanket ore bodie pinched 
®t within a hort di tance, he had no rea on at 
!hat time for believing that the omce of the ore wa 
~p eated. Furthermore, the porphyries were found 
t.Jcontain minute quantities of the metals contained 
~the ore and appeared to furni h definite evidence 
li o the source of the metal ; but later examination 
~th e porphyries in the light of advancing petro
: phir know! dg prov d that they were con id rably 
~tered and that the m tal pr nt were there ult of 
mfilt rntion and not primary con tituent . Emmon 
~d accordingly r vi d hi vi w and by 19 7 1 had 
:!CO!!nized tho po ible de p- atod ource of th or ; 
nl he very prop rly maintained that th solutions 

!nat depo itod th blank t or bodie , parti ularly 
iose of the arb nat .ill and Do> ntown ar a , had 
ot moved direct! from their deep- eated ource to 

ilie place of d po ition but had b end fleeted for con
>lerable di tanc from thoir undiscover d vertical 
~ nne! by the porphyry sill . Whether the olu
lons were of magmati or oth r origin he left as an 
~~n que tion. 

•
1;mmons, S. F., and Irving, J .D., The Downtown district or Leadville, Colo.: 

'· Oeol. urvey Bull. 320, pp. 69-72, 1007. 
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The vein in tho Maid of Erin mine in the Tucson
Maid fault zone had been di covered by that time, 
but no definite ignificance had been attached to it. 
The strong evidence in the Tucson and Cord mines 
had not been expo ed . After George Argall descrip
tion in 1910 of the Tucson reverse fault and the ore 
associated with it, Emmon corre ponded with Argall 
on the subject, but he died soon afterward, without 
having had an opportunity to revisit the di trict. 
Irving wrote that in his di cussions with Emmons he , 
noticed a gradual change of view regarding the origin 
of the ores at Leadville but could not state with cer
tainty the view finally held. 

Blow 2 was one of the b t-qualified critics of Em
mons's earlier views, owing to his detailed observations, 
particularly in the southern part of Iron Hill. He em
phasized the clo e as ociation of ore bodies with dikes 
of Gray porphyry and concluded that the ource of th 
ore was dependent on the dikes. His conclusions al o 
were necessarily drawn prior to developments of critical 
importance in the White limestone, which proved that 
the uppo ed dikes were only offshoots from ills and 
that the function of these offshoots, like that of the 
dike in Fryer Hill described by Emmons, was to serve 
as barriers to migration of solutions along the stratA.. 

RELATION OF ORES TO PORPHYRIES 

As hown in chapters 5 and 6 (pp. 96, 10 ), the intru-
ions of the earlier White porphyry and later Gray 

porphyry were followed by a period of folding and 
reverse faulting, and this in turn by another period of 
fissuring and faulting which preceded the period of 
important ore depo ition. Owing to the two inter
vening period of di turbance, there wtw no very direct 
connection between the Gray porphyry ill and the 
ore. Out ide of the Leadville di trict, how ver, orne 
tocks !Uld batholithic mas of monzonitic r ck have 

b n found that were intruded after the folding s and 
were either contemporaneou with or lightly older than 
the fis uring and minor faulting. Th e tocks appear 
to be the intru ive bodi mo t clo ely related to the or~ 
of central Colorado in ori<Tin, and tho grouping of the 
high-temp rature or "contact-metamorphic" ore bodies 
of the Leadville di trict around the Br ece Hill tock 
implies that thi tock al o is the principal center of 
mineralization at L ad ville and may therefore contain 

• Blow, A. A., op. cit., pp. 14f>-1 I. 
• Crawford, R. D., A contribution to Lbe igneous geology or central Colorado: Am. 

Jour. Sci. , 5th sor., vol. 7, pp. 365-3 , 1924. 
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rock intruded ub equent to folding. uch an intru- 1 

i'e rock would be imilar in app aranc to that in the 
Gray porph:rr- ill , and any slight differen e mu t bt~ 
larg ly ob cured by alteration. Failure to recogniz 

th olution had reach d that 1 v0l it. tcmperaturch 
become 1 w r d to or b low th poiu wh rc maa ad 
. l · bl . ollet-

it may ha e be n due to this r a, on, to the f w undrr
ground expo ure and to the fact that th igniftcanco 
of a tock cro cutting the ill wa notr alized \\'hen he 
ground wa tucli d. 

The high-temperature deposit., eli tingui~hed mainly 
by magnetite and silicate gangue minerals, might be 
regard cl a "contact-m tamorphic' clepo it in the 
strict sense, a th y replace lime tone aloncr porphyry 
contact ; but tho o in the Ibex and om tock work
in!!S the onh- one who e outline are well defin cl 

0 ' J 
are in contact with ills and not with the main tock, 
an'cl locally at lea t, they exceed tho adjacent ill in 

•thickne . It i therefore mor probable that th Y 
were introduced after the intru ion of th ill::. and that 
the ills merelv erved as impervious barrie1 ~ that 
fore cl the magnetite olution , a they forced the later 
sulphide olution , to pread along the limestone. 

No local conduit through which the magno ite olu
tion reach d the limestone have been recogniz d, 
though they might be found if tho mugnetite depo it 
were thoroughly cle,elopecl. The olution pre uma
bly spread from the upper part of a magma column in 
the Breece Hill conduit soon after the magma had con
solidated. Where they r ached lime tone and became 
trapp cl by adjacent porphyry ill they replaced the 
limestone, depo iting silicate fir t, then magnetite and 
pecularite, and, after the temperature became uffi

ciently low, iderite and ulphide . 'I he intercrrowths 
of magnetite and siderite and the textural relation of 
pyrite and quartz to magnetite are proof that the mag
netite and the ulphide-quartz deposit had a common 
source, but the quantity of sulphide that can be regarded 
as forming direct extensions of magnetite depo it is 
evidently small. The carcity of ulphide , siderite, 
and quartz depo ited with magnetite implie either 
that the ratio of ulphides to iron oxides wa low or 
that high tompornturo wns maintain d long enou h t 

permit the constituent of the nlphide to cape with 
other volatile matter through the porphyry barrier , 
o that when the temperature became S\lfficiently low 

they were depo itecl farther from their ource than the 
oxide . Althotwh the magnetite bodie them elve 
are of considerable size, they are few compared with 
the sulphide bodie of the later tage of ore depo ition, 
and it is th refore concluded that the quantity of olu
tion generated in the upper part of the stock and et 
free oon after it consolidation was relatively small. 

After con olidation of the magma had continued for 
tt con iderably longer time and a correspondingly large 
quantity of ore-forming solution had accumulated in 
the magma r ervoir, fissuring and minor faulting took 
place' hich permitted this olution tori e to and above 
the level of the magnetite depo its; but by the time 

lte a.nd spo u ant w re ta 111 th pl' en . 
. . f I h h . cc ol 

~arge ~ uan t1 L1 o · su p ur, o t at pynte wa d po it~d 
m th 1r tead . For th . am rea n quartz wa do 
ited in t ad of ili at , both replacing ouutry ~~~ 

1 and filling ca iti . Wh r fi ure happ ned to oct 
the magnotiL depo it th. pyrit and quartz for~~d 
v in· through the macrn ~tt ~ c menti~g it. hattered 
parts .and probably r placm~ 1t to a mmor extent; but 
no v1d nee of replacement 111 larO' quantity ha be · 

Th 
.
1
. . en 

noted. 1 1cat a companymg the ma<>netit 
ho' ever, wer alt r d to h clrou mineral , prir~cipnlle, 
erpentine. Where fi ur failed to penetrate t~ 

magnetite depo its the iii ous pyritic ore replaced 
limestone beneath a capping of magnetit , a in the 
Penn mine. 

' 
CAUSE OF DIFFERENCES I N MINERAL COMPOSITION 

Diff Tence in min ral compo iLion of the ulphide 
depo its were determined larg ly b :r th kind of rock 
through which the solution pas d. The oriO'inal com
po ition of th solution" obviou l:r can not be fully 
determin cl but i approximat 1 indi atcd by th~ 
con tituents of ore and gangu mineral that we;·enot 
pr ent in the original rock . Th pre 'ncc of a few 
other element or mineralize! " is al o ugge ted. 
The con tituen ts and th depo it in which they are 
present are a follow : 

Recognized constituents of ore-forming solutions of the Leadville 
di strict 

[x. Present in consid erable quantity; (x), pre ent in minor quantit y; ?, doubt· 
full y prese nt] 

Elemeut 
High· j Modeme· 

I temperature temlJ(ll'111ure 
deposits drposils 

oil~~~~============================ ~ Aluminum_-------------------- ---- x? Iron_____ _________________________ _ x 

·~df~:~u-'~- ====== ===== = == ====~==== = ? Potassium _ __ _ _ ___ ___ _ _ __ ____ _ _ __ _ _ ? 
VVater_____________________________ x 

ulphur--------------- - ---------~-- x 
~1angane c_________________________ (x) 
Zinc___________ ___ _________________ (x) 

Lead_ ---------------------------- ? 
Gold--- --- ---- -- --- - -------------- ? 

ilYer ------------------------- ---- ? 
Bi muth --------------------------- ------ --- -Arsenic __________________ _________ _____ __ - ---
Tungsten ________________________ -- ----------
Carbon____________ _________ _______ (x) 
Fluorine ___ _________ .. ____________________ ----

HIGH-TEMPERAT URE STAGE 

X 
X 

x? 
X 

(x) 
X 

X 

X 

X 
X 
X 

X 

X 
(x) 
(x) 
(x) 
X 

? 

If the original solution had been allowed to cool 
slowly out of contact with any rock or other reagent 
until it became supersaturated none of the high-tem
perature minerals might have been formed , as the 
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t temperatures at which maanetiL and uch an
~~ou ilica tes as wolla tonite and pyroxene could 
;. miuht ha e been pa sed before the olution be-
1Qtlll " d . h h b . e nturate ' 1t t em; ut uper aturatwn wa 
:rened by reaction with th wall rock , particularl)
, tone. It is conceivable that the newly con oli
~ed monzo~itic r~ck in the st?ck wa i? approxi
" te equilibnum w1th the olutwn near It place of 
-~~n and that n reaction b tween th t' o took 
\llo ' 

u 

ri~hing the olution in certain con titu ents; or there 
may have been a part.ial' chanac of its feld par to 
muscovite, or of pyroxene, a minor constituent, to 
hornblende; but uch reaction would have removed 
only an in. ianificant amount of water and perhap a 
part or all of the fluorine from the olution. 

The influence of lime tone or dolomite, however, 
wa far mor important. Although the e rocks rna 
persi tat high temp ratur when k pt under uffi. ient 

F tOU RE 60.-D iagram showing gains nod losses tbnt hn,·e occurred in tbe replacement or Blue li mes tone by m3goetite ore 

ce in any on iderablc quantity. It· w 11 known 
:.at uch reactions do take pla in ign ou ro k -
1 

example, granitic and monzonitic rock ha\ been 
rtly replaced by tourmaline, ca. iterit , and oth r 

:inerals typi al of high-temperature d po it ; but no 
:~~cement depo it containing th e mineral ha>e 
~n recognized in any of the igneou rocks at Lead
rille. The monzonitic rock may have been orroded 
~onv fi ures durina the high-temperature stage, n-

pr urc to pre>ent cape of their cru·bon dioxide and 
prote ted from chemical reagents , they are un table in 
th pr n e of or -formina olution . When the c 
olution com into contact with limestone reaction 

qui kly upe aturates them with respect to their 
more abundant and le oluble original con titu nt , 
and min rals are d po ited who e identity depend 
mainly upon th temp rature existing at the time. 
Where the temperature was highe t in the Leadville 
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district ili ate of magne ia and limo wer deposited, 
uccompanied perhap by ome mineral on tnining alu
mina. Com pari on of the anal ~ on pages 35 and 17 , 
illustrated in Figur 60 and61, indicates that th r ult
ing depo it contained more magne ia and more alumina 
than could have been supplied by an equal olume of 
dolomite; but the alumina in that parti ular sample 
may hav been upplied by haly beds ju t above the 
Parting quartzite. When the temperature had low red 

The lowering temp rature at length reached a . 
wh re magnetite and p cularite could not form POihnt 

b 
. JQ t 6 

pr e.nce of a~· on .moo x~de and ulphur/ which the 
olutiOn contamed m con 1d rable quantities and th 

iron combined with thes sub tance to form' sid .te 
. b 1 d' . . crt e pynto, or ot 1. on ttlon at th1 transition t ' 

\ ere mark d by c rtain minor variation , the eff a~ 
of whi hare expre d in th compo ition and tex.:c 
of the or For cxarnpl , magn tite or specularite,: 

lll 
0 
cfl 

FIGURE 61.-Diagram showing golns and losses that have occurred in the replacement or Blue li.mestone by serpentine·magnetite rock 

sufficiently, magnetite was depo. ited along with the 
silicates or filled interstices among siticates already 
formed . When the temperature had lowered still 
further, magnetite continued to form without conspic
uous quantiti of silicates. pecularite accompanied 
the magnetite at some tage of the proce s, pre umably 
a late stage, but too little is known of the local para
gene is of the two mineral to warrant a more definite 
statement. 

in equilibrium with siderite at the transition point and 
could crystallize along with it; or the solution, first 
permeating a rna s of limestone, was quickly cooled 
below the transition point and depo ited siderite by 
replacing limestone, whereas a later supply of solution, 
reaching the same place but cooling less rapidly, was 
still above the transition point and deposited magnet-

• Butler, B. S., A suggested explanation for the high ferric oxide content ol 
limestone contact zones: Econ. Geology, vol. 18, pp. 401-403, 1923. 
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. by replacing the siderite. Magnetite when once 
;:nncd wa evidently very. r. istant to resorption by 
b olution b low the trans1t10n temperature or to re-

118cement by the minerals that could cry tallize below 
~:t temperature. These comments also apply in a 

neral way to the relations between specularite and 
~erite and between either magnetite or specularite 
~d pyrite, although pecularite has been clearly re
'Jsccd by pyrite to orne extent. ( ee pl. 46, 0.) 

q, V 

erals in the porphyry. Iteration products such as 
sericite and pyrite .in porphyry adjacent to magnetite 
deposits in lime tone are entift lly identical with those 
adjacent to sulphide depo it produced during the fol
lowing moderate-t mperature tage. It may therefore 
be inferred that the porphyry was relatively immune 
to reaction during the high-temperature tage, although 
ericite may have b gun to form then, but was con pic

uously altered during the moderate-temperature stage, 

L;;j 
d:'g-

Fto ' RE 62.-D in gmro illustrating alteration or Wbito porphyry ncnr oro bodic 

Furth r cl po ition of metalli mineral took place 
during th moderat -temp rn,ture tag . It i true 
that chalcopyrite, zin blend , and galena ha e been 
d cribed as pr nt in or adjacent to magn tite d po -
i , but they cry taJliz d aft r the magn tit and pec
ularite and for the mo t part aft r the pyrite. 
'rhe part of the solution that cap d into the adja

cent porphyry ills while the lime ton ' as b ing re
placed by high-temp rature min ral i not known to 
bare forme~ any chara teri tic high-t mp raturo min-

when pyrite, hydrou ilicat , and carbonates were 
more tabl than the original minerals of the porphyry. 
( ce fig . 62 .) 

MODERATE-TEMPERATURE STAGE 

The d po it formed at high temperature have been 
found only in the lime tone of th Leadville district, 
but those formed at moderate temp ratur are present 
in all the rocks of the district, either as vein or as 
"blankets." ah·eady tated, the larger deposits of 
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ure and more p rmeablc b ddin()' plane until 
. . ] t f t l . .1 • . con. 

clition wcr rw.1 or
1 

lell' . u po 1 ~on . The course" 
thi group were form d at a di tinctly later time 1 

than those of the high-tempera ure group, and the 
solution that deposited them pr umably a cended 
from a deeper ource in the magma chamber aft r the 
upper part of the Breece Hill tock and the rocl· 
around it bad cooled con iderA.bly. They may have 
started their journey at high temperature, but by 
the time they r euched the lowe t lev~ls exposed by 
mine operations they had been cool d nearly or quito 
to moderate temp raturc. They a ccnded along any 
opening availn.ble and under o great pr ure that 
they penetrated along t he small e t fracture and per
meated the intervening blocks of rock so thoroughly 
that not a specim n of porphyry free from altern,tion 
has been found in the di trict. 

follow e l w rc nTegu ar owm()' to pmchc and Wei~ 
and linin!!S of goua , so that th olu tions, a I thou h 
ascending a a whol , wer e lo ally fore d to follo,v· hg · 

1 cl d' . or. izontal or clownwar ITectwns, and the p itions d 
shape of oro hoots formed b y th em varied acc:r~. 
ingly. 

EASTER PART OF TEE DI TRIOT 

IN SILICEOUS ROCKS 

In the eastern part of the eli trict con iclemblc quan
ti tie of solution followed fis ures and heeted zon 
or faults in siliceous rocks . If the olutions wore not 
already saturated with ilica and alkalies they may at 
first have corroded the s iliceou rock , taken ilica and 
other rock con tituents into olution, and left vugs of 
various sizes, a illustrated by the outh Ibex stock
work, and the ore shoot in the Cambrian .quartzite of 
the Tuc on mine (p. 2 9), although the vugs and filled 
cavities in the veins may be in part of this origin. 
When t.he olution became saturated by corrosion of 
the wall rock further reaction resulted in replacement. 
D ense silica took the place of the 'vall and of the labs 
of rock in sheeted zone , and quartz cry tals began to 
grow in the cavities. A permeation continued into 
the walls r eplacement became le complete. The 
felcl pars in the granite, porphy:rie , and Weber grits 
lost their soda · and lime, which were replaced by 
pota h and water to form sericite. The lime in part 
combined with water, ilica, and alumina and ferric 
iron to form epidote. The black minerals near the 
main fissures were also r eplaced by quartz and sericite, 
while their iron ombined with sulphur to form pyrite, 
and their other con tituents were r emoved. Farther 
from the main fi ur , how ver, these con t ituents 
were converted into chlorite and pidote. alcite was 
al o depo ited there in considerable quantity. Where 
permeation of the rock wa inten e and uniform the 
three tage of alteration-thoroughly ilicified walls, 
followed by a narrow zone of quartz-·sericite rock, and 
thi in turn by a broad zone of quartz- ericite chloritic 
rock (propylite)-ar eli tin t; but where the reactions 
have been les vigorou eith r of the fir t two zones 
may be inconspicuou or absent. 

Only; certain constituents of the olution, notably 
water, ulphur, pota sium·, carbon dioxid e, and to a 
le s extent ilica, were able to penetrate the iliceous 
rocks and take part in the reactions. The other con
stituents continu ed their journey along the main fis-

The quartz that began to ry tallize in the opeuin 
wa oon ac ompani cl b sma ll to con iderable qua~ 
t1t1e of ericite and large quantiti s of pyrite a~ 
th~ e three mi?er~l form d many of the pri ~cipal 
vern of the clt tr1Ct. oon nftcr the dcpo. ition of 
pyrite b gan it completely ovcrshaclo \ eel th~t of 
quartz and re ul tecl in pyrite ma e. of con idorable 
size. Thi feature is further dis u d on page 21 . 

The pyri te wa d po i ted through a con idcrable 
v rtical range. orne of it r pla ed country rock 
along fi ure zone and omo of it filled or lined ca1i. 
t ie . Only after it d po ition wa nearly completed 
w rc other ulphi les cl po it d, and their eli tribution 
within the vein dep ndecl on the openings or the 
rna c of r eplac able ro k that still remained arail. 
able. Were it po s iblc to trace a given quantity of 
olution between walls of uniform ili cous rock until 

all its content houlcl be depo ited, it is probable from 
the evidence of paraa ne i that a long hoot of pyrite 
would be found, followed upward by a con idernble 
shoot con i ting mainly of zinc bl nde, and that in 
turn by mall shoot consistin()' mainly of galena and 
chalcopyri e, the precious and minor metal being 
ignored for th pre ent ; but under natural condit.ion 
the distribution of mineral wa not o simple. Of 
the veins that lie wholly between wall of iliceous 
rock, orne contain only pyrite with more or le quartz 
and om contain local shoots of the other ulphides 
in varying proportions and quantiti . If it i a · 
sumed that all the v ins have b een depo ited by olu· 
tions that w re originally of uniform compo ition, it 
mus t be inferred that the veins con taining no other 
sulphide except p,yrite repr ent depo ition before the 
pyrite staae wa completed , and that the remainder 
of the olution moved onward along minor cracks. 
If this r emainder failed to r each another fi ure zone 
of favorable ize it contents were scattered as 
stringers alona the minor fractur and were lo t o 
far a mining is concerned. If it succ eded in reach· 
ing another favorable fissure zone th remainder of 
the pyrite was depo itecl , and if further progre of 
the solution was retarded or prevented by a "tigh~en· 
ing ' or pinching of the fi ure zone the other ulph1des 
were depo ited wherever there was opportunity. The 
siliceou rock is not so readily replaced by the e sul· 
ph ide a by pyrite; but o long as it continued t~ be 
attacked by the solution after the saturation poults 
of the ulphides had been reached replacement was 8 

neces ary consequence. As the bulk of the zinc bleude 
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deposited before the galena, it cry taUized partly 
rathe interstice among the le compacted cr stal of 
Jll iteand partly a relatively pure lenses. The galena 
f"~owed either filling interstices in the pyri te and zinc 

0~ ude or forming relatively pure lenses . 
~he occurrence of the chalcopyrite is 1 readily 

esplaioed. Where the four ulphides are pre ent to
tber it evidently grew after the pyrite and during or 

(rer the late tag of zinc blende; but by far the 
~ost of it has been r cognized in clo e a sociation with 
prrite where zinc blende i absent. It i ugg ted, 
ilierefore, that pyrit wa the strongest precipitating 
rent for copper, and that chalcopyri te wa not depos

tted in con iderable quantity until the solution, largely 
aepleted of zinc hlende, chanced to circulate along a 
preriou ly formed rna of pyrite. 

In the foregoing discu sion it has b en a umed for 
ilie nke of simplicity that only one wave of solu tion 
. ed along a fis ure zone in uniform iliceous rock. 

11 is probable however, that in places the olution 
arrired in in tallments and that the uccessive install
ment reaching a given level were cooler and cooler 
or more and more depl ted of pyrite. It is conceiv
able, therefore, that shoots of zinc blende and galena 
mar have heen d po ited by the later in tallments of 
solution upon or within earlier formed hoots of 
pyrite. It is al o conceivable that a fis ure once com
pletely filled with mineral may ha e been r opened 
by recurring minor di turbances and admitted new 
;upplies of solution, which could renew deposition of 
pyrite where zinc blende or galena had already b en 
depo ited. The po sible variations in conditions ar 
many, but on the whole the equence of depo ition 
outlined in the pre eding paragraph accords with the 
o -erved fact . 

The Garbutt vein may erve a an exampl of v in 
formed wholly between wall of iliceou rock during 
the pyritic staae of depo ition. Other ulphides are 
present in negligible quantity, and the bulk of them 
me evidently carried above the pre ent urface of ero
sion or into ground that has not b en develop d. The 
lfinnie-Luema v in r pre ent the v in form d at 
more advanc d taa s when zin bl ndo and aal na 
rere depo ited in larg quantity, partly b tw en wall 
of iliceou rock but partly in contact with lim stone, 
rhich hast nod th rea tion . 

IN LIMESTONE 

With f w exception the olution cam into con a t 

in ome place . Under uch condition reaction wa 
confined to the immediate wall but took- place more 
readily where the e were of lime tone than where they 
were of silicate rock, so that the vein thicken where 
they cro lime tone. Where the fi ure tightened in 
the porphyry or shale above the ]jroe tone large quan
titie of olution were deflected into the lim tone, and 
the degre of perm ation dep nde l upon the number 
of acce . ible bedding planes and minor fra tw·e and 
the permeability of th lim tone it elf under the pre -
sure that exi ted . 

The kind of ore dopo ited d pend d upon tl?-e chang
ing character of the olution. Where depo ition was 
in its early tage quartz an l pp:ite replaced the 
lime ton . If th remainder of the olution could e -
capo from tho lime tone oon enouah no ub equont 
depo ition of other sulphide took place in the lime
stone, and the r eplacement body wa identical in com
po ition with the adjacent vein . 'l'hi condition ap
plied to the mailer bulaes along the vein and to 
everal of the larger replacement depo it in lim tone 

on Breece Hill, particularly below he thi1·d Ibex level. 
The ground there wn so thoroughly fractured that the 
olution wa commonly able to pa through the lime

stone b fore reactions were completed. De criptive 
data on the pyritic replacement deposit in limestone 
in the Ibex mine, howe er, are incomplete and were 
thorough reexamination of the topes pos ible it might 
be found that mining in orne pia e topped not 
against unreplaccd limestone but again t zinc blende 
that had too low a content of preciou metal to pay 
for mining. 

Where the olu tion r mained in lime toM uffici
ently long depo. ition of pyritic ore was completed and 
wa followed by that of zinc blende or mixed ulphide . 

o far a the rather scattered available evidence 
hows, thi condition was more gen rally reached at 

low level in the northern or northwe tern part of 
Breece Hill than in the central and outhern part and 
was apparently due as much to the more advanced 
stage of depo ition as to the confining of olution in 
th lime tone for unu ually long interval . At the 
high r le,el the Weber ( ~) formation and the thick 
heet of ray porphyry were effective baTriers that 

confined the olutions until zinc blende, galena, and 
minor mineral had been depo ited. 

WE, TERN PART OF THE DI TRIOT 

rith lim tone walls before th ir pyritic tage of d po- Th ". tern part of th di trict wa farther from 
.itiou wa far ad nn ed. The degr e to which they th our e of the earlier ore-forming olutions than 
lfacted \ ith th lim tone varied with phy i al condi- Breece Hill and vicinity and wa not o complexly 
ions. Where th open haract r of the fis ur per- ' fi ured prior to mineral depo i ion. There i no 
>ted into quartzite or porphyry abov the lim tone l evidence th re pointina to mor than one period of 
here was littl or nor is tan e to d fleet the olution ore d po ition, a any olutions corre ponding to the 

into the lime tone. Gouge along th wall of faults fir t period at Br ece Hill had been cooled to the lower 
1 o protected lim tone from atta k by the olution limit of the high-temp ratme range by the time they 
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reach d the limestone. The small amounts of mag
netit and p cularite found with mangano ideri~e. in 
the Tucson and Wolftone mines imply that depos1t10n 
began at the transition between high and moderate 
temperatures, but the vast bulk of the ore and gangue 
with which they are associated seems to have been 
deposited in the second period of ore formation. 

The solutions were similar to those in the Breece 
Hill area and ascended along different chann ls, only 
a few of which have been located. The channel now 
revealed in the Tucson, Wolitone, and Maid of Erin 
mines may have been slightly nearer the source than 
the others, as sugge ted by the magnetite and specular
ite and by the abundance and size of the ore deposit . 
This evidence i too scant to carry strong conviction, 
but it accords to a considerable degree with the di tri
bution of the ore bodies. 

As the solutions that fir t rose along these channels 
were either too :liot or too little concentrated in silica 
and sulphur to deposit quartz and pyrite, the first 
extensive reaction was the replacement of the lime tone 
by mangano iderite. Thi proces continued until 
lowering temperature permitted the deposition of py
rite ancf quartz, which replaced the mangano~i Im·ite. 
The other ulphide that were depo ited after the py
rite al o replaced manganosiderite. The dissolved man
ganosiderite moved onwar I to points where it could 
again replace lime tone and form a border or casing 
around the sulphide ore bodie . 

Manganosiderite, to judge from it modes of occur
rence, was deposited through a con iderable range of 
temperature and concentration. It was formed before 
pyrite and wa, also deposited in interstices of ore after 
the deposition of pyrite and zinc blende had been com
pleted, but it was un table in the pre ence of olution 
saturated with these sulphides. In this respect it i 
similar to dolomite and calcite. The mangano iderite 
formed at one time may differ in its ratio of iron, 
manganese, and magnesia from that formed at another, 
but it has been impractical to get pure samples repre-

nting different tagc of deposition. 
After the pyrite-quartz stage was reached ore deposi

tion proceeded in normal order. Siliceous pyritic ore was 
depo ited along and near cro cutting fissures or the 
more permeable bedding planes and was followed in suc-
ession by pyritic ore with low silica content, zinc 

blende, galena, and minor minerals, as already described. 
These succes ively later minerals were deposited wher
ever opportunity offered, either in relatively pure 
hoots or as streaks and interstitial filling among the 

earlier minerals, and gave rise to the different varieties 
of "blanket" ore. The detail of the process of 
replacement whereby the layered and other structural i 
variations of ore were developed are sufficiently con
sidered in chapter 9 (pp. 202- 205). 

Tho mark d difference in th proportion of " bl 
ket" oro bodie to veins in the western and e ta~ . 

f l d. . . d ns ezn 
parts o t 1e 1 tnct 1 uo to structural conditio 
shown on page 206- 20 . At Breece Hill por;~· lS 

•ntru ion are more numerous and complex than ry 
where, and inten e fis uring and minor fau lting; 
affected the strata from the Cambrian quartzite u 

11 
e 

the Weber (~)formation. In the western area p 0 

. . b l h f pu-. phyry mtru wn e ow t e top o the Blue limestote 
are l num rous and comparatively simple, and per. 
sistent fi ures and premineral faults are relativ 
f w. The Cord fi sure ext nels from the pre-Can. 
brian granite up into the Blue limes_!.one but is narrow 
compared with su h faults as the Ibex No.4, Garbutt 
and Winnie-Lu ma. The Tu son fault has a con id: 
erable throw and i prominent at and below tle 
Whit-e lime tone, where it is steepest; but it i not 
con pi uou in the Blue lime tone, where it parall 
the bedding. Mineralized fra tur above the Tucscn 
fault and at many other place are minor cracks, sufi. 
cient to p milt the migration of large quantities •A 
solution but unaccompanied by enough hattering io 
permit the formation of pronounced vein of greLt 
vertical rang . The olutions after pa ing through 
the lowe t formation ro. o along incon picuou fra ~
ture until they were defl cted by imperviou bnrrie1-, 
beneath which they moved for long eli tance . 

Tho extensive depo it of the Iron Hill, arbona te 
Hill, and Downtown area clearly lend themseh·es 1o 
this explanation, and the principal channel through 
which they wPre fed are recogniz d; but tho e of Frytr 
Hill and East Fryer Hill, though of generally imih.r 
tructul'e, have not been traced to any trunk channek 

It has been sugg ted (p. 20 ) that olution ri ing m 
the vicinity of the Tu on-Maid fault at nrbonate 
Hill circulated eastward and northward to th mall 
Hopes ground; but it requir some stretch of the im-
agination to believe that they continued farther an1 
wound their way through the exten ively mineralize:! 
ground to the north and north we t before th y bt
camo deplet d of th ir meLal content . Further
more, the presence of siliceou pyrite ore, or its oxidized 
equivalent, in the depo its of East Fryer Hill 
strongly suggests the pre ence of nearer ources of 
supply. The mall amount of exploration below the 
Blue limestone in these area , however, has been d~
appointing and has not disclosed any trunk channeh 
comparable with the Tucson-Maid fault zone or thf 
Cord vein. Absence of such channels ha led some to 
the conclusion that the ore was derived from the 
White porphyry, as originally stated by Emmons; 
but the similarity of the ores to those of other parts 
of the district supports the belief that more thorough 
development of the lower formations would disclose 
some loeal trunk channels. 
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sEGREGATIO OF PRECIOUS A D MINOR METALS 

There has been o little opportunity to study the 
relation of hypogen~ or primary minerals containing 
the prec.ious and m1~or metal to the more common 
mineral of the depos1ts that the drawing of very pos-
iire conclu ion regarding their occurrence is not war
IDled. Although small amounts of arsenopyrit(', ten
oanlite, tetrahedrite and other minerals have been 
reported from certa~n of t~e ~eposi ts, it has not been 
, ible to tudy thetr as oe~atwns, and the only miner-

j)s that can be considered here are bi muthinite, argen
lite and gold. 

The only sati factory information regarding bis
muthinite is that obtained in the lower levels of the 
Tucson mine. There deposition took place almost 
tsclu ively in cavitic , and the succession of minerals 

1as unusually clear. Galena and a little chalcopyrite 
Jollowed zinc blende and were followed in turn by the 
inergrowth of bi muthinite and argentite called "lil
usnite." The few sp cimens studied microscopically 
;oggest that the int rgrowth began during the last 
flirt of the galena tage, o that th three mineral are 
intergrown to orne extent. The fact that " lillian
ite" hn been found at only a few widely cattered 
'laces in the Leadville di::;trict i interpreted as an 
indication that the olutions contained only minute 
qua ntiti of bi muth and ilvcr, and that opportuni
li to depo it them in vi ible rna es were exceptional. 
Ordinarily the solutions after depo iting galena were 
either held back by porphyry or shale barriers and 
depo it d the bismuthinite and argentite in the inter
stices of the other ore minerals, or they escaped 
throu()'h the barri rs and cattered the two minerals in 
inappreciable quantities along their course. This ex
'lanatio~l agrees with the fact that minute quantities 
~bismuth w re found in complete analyses of the 
l.tadvillc ore and the bullion, kimming, and cham- · 
berdu t derived from them. 5 It may be inferred that if 
b' muth were a regularly looked for as il er it would 
befound to be as widely and irr gularly distributed. · 

Thi explanation also impli s that ilver io th form 
~micro copic nrg ntite i more clos ly a ociat d with 

lena than ' ith zinc blend or pyrite but that it 
bears no fixed ratio to lead. olid mas e of galena 
that could not be permeated b the remaining olution 
tan hardlycontain interstitial argentite, but p rmeable 
m may contain con iderable. ny circum tance 
that would permit th r maining olution to permeate 
m . of pyrite, zinc bl nd , or mi.x d ulphid s could 
<mulnrly account for the pr nee in some of th m of 
rullicient silv r to pay for mininO'. -- -
'Gu1ard. Anthooy, U.S . Oeol. urvey Mon.12, pp. 616, 6lf.l, 600, 712,~ 

99271- 27t--16 

The fact that at least a little ilver is pre ent in 
practically all samples of the ores a ayed uagests 
that the sulphide minerals may contain small am

5

ounts 
?f ilv:er in solid solution,6 the amount of ilver vary
mg w1th the temperature and concentration of the 
solution at the time of depo ition. It i very doubt
ful , however, if such variations would be ufficient to 
account for the wide variation of ilver content in 
s~lphide orcs that bear no evidence of upergene n
nchment. The explanation offered in the preceding 
paragraph best accords with the f ' available facts 
regarding the occurrence of sil er in the primary ores 
of Leadville. 

The d.i .tribution of gold i mor difficult to explain, 
as no VISJbl.e gold of undoubted primary origin has 
been found m the ore of the district. The primary 
sulph1de ores contain a few hundredths of an ounce of 
gold to the ton, which may be attributed to solid olu
tion, but siliceous pyritic ore locally contains con id
erably more. Some samples of pyritic or that contain 
an ounce or more of gold to the ton contain consider
able sil ica, but others equally rich taken clo e by and 
wit~ia a sili eou ore body, on i t almost entir Jy of 
pynt,c; furthermore, some of thi ri h gold ore contain 
more copper than usual, and some contains little or 
none. It therefore app ar that gold, like copper, was 
precipitated from olution by pyrite or ilica or both. 
It can not be definitely stated at what tage gold was 
depo ited, but it extremely small quan ity ugg t a 
late stage. The relatively high coot nt of gold in the 
bi muthinitc-argentite ore of the Tucson mine must 
a! o have been depo ited at a late stage. Gold depo -
i~e~ by a olution that permeated larae mas of py
ntlC ore somewhat evenly would be too thinly cattered 
to be of comm r ial value; but where con id rable 
quantities of solution p cd along a narrow com e 
through pyrite or quartz gold wa d po it d in rela
tively large quantity. ondition for lo al primary 
concf\ntration w re more favorable in the veins than 
in the large blanket ore bodi ; but most of the vein 
or owe their pr ent gold content largely to enrich 
ment, which also could take place more rt>adily in tht> 
vein and ob cure the origin of the primary gold. 

ORIGl OF "FLI T " AND MINOR GA GUE MI ERAL 

In parts of the Downtown and Fryer I ill areas ba
rit and den e quartz (jasp roid or " flint ') are promi
nent r ul of mineralization, and the arne minerals 
form the principal gangue in the Continental Chief, 
Liddia, and doubtles other min beyond the ea tern 

'Nissen A. E., and Hoyt, S. L., On the occurrence or silver in nrgeotirerous 
g lonn ores: Ecoo. Geology, vol. 10, pp. 172- 179, 1915. 

' 
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limit of th Leadvill eli trict. ugs ontaining anker
ite or dolomit Ill' minor feature of or bodi in 
ov-eral parts of the di tri t an l white treal- a.~d 

patches of dolomite ( ' z bra rock ' ) ar common m 
the Blue limestone near th ore bodie . A thor ugh 
review of the origin of the or mu t ac ount for the e 
as well a for the more abundant or and gnngu 
mineral . 

The jasperoid or "flint" i the mo t difficult to x
plain, a its abundanc in poorly m to lliz d area fn.r 
from the known center of min ro,lization a w ll a 
in clo e as ociation "ith exten ive ore bodie:s impli 
deposition during and after the in n ive depo ition 
of sulphid , wherea the ulphides th m lve a 
already hown , were mainly depo ited after the quar z 
in the veins and adjacent part of blank t ore bodie . 

The depo ition of abundant ilica at two eli tinct 
stages eparated by one in which the ulphide ' ere 
deposited abundantly may, however, be no more 
improbable than a similar epara tion of the two tag 
at which mangano iderite was depo ited. It may be 
inferred that the olutions first became saturated with 
silica and began to deposit it at a temperature too 
high for the existence of sulphide . Thu rna n of 
silica may exi t, as in certain other di trict , in clo e 
association with high-temperature deposit and di tinct
ly earlier than ulphide depo its. When the temper
ature had lowered to the point where the ulphid 
could form they became more in oluble than quartz, 
were depo ited instead of quartz, and even r eplaced 
quartz to some degree. So long a thi condition 
continued mas ive ulpnid low in silica ,,-ere formed. 
Any silica replaced by the rna sive ulphid moved 
onward and again replaced the lime tone, forming 
borders around the ore similar to the borders of man
ganosidcrite. Mangano ideri te is cut by veinl ts of 
quart4 accompanied by a few sulphide grain and i 
doubtless replaced by quartz to orne extent, but the 
two minerals commonly form separate ma e . The 
problem of their relations to each other wa evidently 
not fully appreciated during the first and econd ur
vey of the di trict, and was furthermore considerably 
ob cured by oxidation; but from the evid nee avail
able the manganosiderite r eplaced lime tone at and 
near the centers of inten e mineralization, and the 
den e quartz or ja peroid was depo ited farther from 
tho-e centers. Thus the ore borues along the Tuc on
Maid fault in the Tuc-on mine are urrounded by 
manganosid erite, whereas tho e along the ":firt con
tact" above it are bordered or floored by ja peroid . 

imilarly mangano iderite is abundant around the 
ores nelll' the arne fault in the Maid of Erin and ad-

, 

, whil ja'>p ?r iclis promin nt farth rwe' t 
arbonn te HJ!l and th Dow ntown flrea 11 

th Fr er Hill ar a lt1 1WO'fl. no.' i lcrit ha not ·b 
11 

r coO'niz din a.bunclft n , bu t Lh re or ac ompan~ 11

1 b d I . . l 10( 
by " floor r or 1 o . J ll p r?Jt, 11.ncl oxidized iron, 
manm1n ores ar r lu.t t ly hJ O'h in iii n, 0 p ciall 
at Eo. t Fryer Hill. wing t Lh thor ugh ox id atio~ 
o! th or bodi that ha ilic ou ~ 01 the uggc , 
tJO n ha been maoe that a or f )tl p roid are or 
up rgene origin but th ir pr n in plac wher 

oxida ion i n gligibl pr v nt g n ral application of 
u h an int rl?r tation. The jn p ~·oid . i t elf i impreg. 

na d and tamed b pro lu t. of o. tdatiOn, and cavities 
in it n.re lin d or par tly fill d ' ith layer of halcedony 
or finely r talline qua r tz. 

Many of th old ri h top f leal or nr bordered 
by th e rna of ja prr id. Ox idati n has prev nted 
the det rmination of h original pr portion of galena 
to p rite and zinc bl nd in th riginal or of these 
top , but it' ould a c rei ' ith th abov rea oning 

if th origiMI or hoot farth t from the enters of 
int nsi d po ition had n. high r pr portion of galena 
than tho n ar th n ter ' . Th " hard carbonate " 
or , which on is of ja p roid impr gnated with ceru
ite favors u h a tJ O'O' ion. 

Barite could not b formed until tho olution hnd 
cool d to a t mperatur at whi h th ulphate radicle 
wa table. 7 Thi wa vident ly after th tage of 
inten ive sulphid d po ition, a barit i v ry carce 
in the e or and has been found only in vu . It was 
mainly carri d in olu ion to the out r part of the 
largo bodie of m i ulphid and d po ited either 
in r latively pur bunch of cr) tals or a cry tal di-
eminated through ja p roid. I t hn b en en by the 

writer in o few plac how ' r that no ffor t to 
account for th cliff r nc 
mude. t th e f w plac th or o,re oxidized or 
partly oxidized, and the exact r lation of barite to the 
ulphides can no t b d termin d but th or contain-

ing much blll'ite are l ad or , and in th lea t oxidized 
or the void that may repr ent former zinc blende 
and pyrite are in much mailer ratio to galena than in 
the m.L-..;: d ulphide or tho,t are r latively free from 
gangue. The galena in the baritic or had cry tnl
lized after th barite. In orne pla e tho temperature 
at which barite could form rna- have been reached 
before there had been enough reaction with the wall 
rock to pr cipitate much of the pyrite, to ay nothing 
of zinc blende. Under uch condi tion barite nnd 
pyri te could have b een d po ited simultaneou ly, and if 

'Butler, B. S. , Primary suJp bate minerals In ore deposi ts: Econ. Geology, <ol. 
14 , pp . 596-608, 1919. 
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ili upply of baTite had been ufficient that ta<Ye 
eld hale been followed by imultaneou deposition 
~arite and zinc blendc with ubordinate pyrite and 
~ Jlr by barite and gal na. Actual ob ervations, 
no:·c~er, th~ugh few. and catter~d , indicate that the 

, containmg con 1d rable bante were not formed 
til the tage of inten ive depo ition of pyrite and 

:c blende wa nearly fini h.e~. . . 
ome, if not all, of the ban tiC ore contum consider

hie ih·er. Emmons 8 stated that in the early days 
:he miner in the Fryer Hill area re<Yardcd barite a 

1 ~ood indication of ilver. This a sociation accords 
~th the conclu ion that silver ulphide wa depo ited 
l!l~nly at th end of the galena stage and in relatively 

1bundant quantity in the interstices of the lead ores; 
but the concentration of ilver during the subsequent 
~riod of oxidatio~ ~a obs ured the relations of pri
mal! il1 r to bantiC ore. 

The only other primary gangue minerals to be 

1teounted for are the carbonates-ankerite, dolomite, 
111d calcite. The :first two are found in the or in 
ertremely mull quantity and onl as lining of vugs. 
Dolomite is also pr ent a " zebra rock" in the Blue 
fun 'tone near the ore bodi . Calcite of hypogene 
~in is e1en more ca.rce. The r lations of ankerite 

~D dolomite huv not been tabli hed, but both mark 
1late ta<Ye when the power of the olution to attack 
the dolomitic lime ton of the di trict had ce ed. 
The white dolomite in the porou patch of " zebra 
~~tk ' i pra tically identical in compo ition with the 

•Emmons, . F., U.S. Oeol. Survey Moo. 12, p . 451, I 

original dolomite of the Blue lime tone, minus the 
dark carbonaceous coloring matter. This and a part 
of the original dolomite were leached out, leaving the 
remainder to recry tallize as white dolomite, and the 
proc marked the point where the solution, already 
heavily charged with magnesium and calcium carbon
ate that had been replaced by ore, became saturated 
and had no further effect on dolomite. If the solu
tions continued their course into high-calcium lime
stone they may have replaced the limestone with 
dolomite, but there are no high-calcium limestone in 
the vicinity. As calcite would not be deposited from 
such a solution until after deposition of dolomite was 
completed , it virtual absence from the primary sul
phide ores of the district is readily understood. 

What became of the solutions after they completed 
the depo ition of the ore and gangue minerals is of no 
practical inter t to those occupied with the mining of 
the ores. In their reactions with the porphyries and 
other siliccou rocks they had taken into solution rel
ativ ly large quantitie of lime and soda, moderate 
quantities of ilica and alumina, and small quantities 
of magne ia and iron. From the dolomitic limestones 
they had di olnd large quantities of magne ia, lime, 
and carbon dioxide. They doubtles retained con id
erable of their original ulphide and ulphate radicles. 
In their upward com e through the siliceous rocks above 
the Blue limestone they had little reacting power, but 
any mall veins of carbonate with minor quantities of 
other mineral may be attributed to them. Eventu
ally they may have reached the urface, 10,000 feet 
above the pr ent urface a mineral prings. 



CHAPTER 11. THE 0 IDIZED ORh 

The oxidized orcs thouo-h for n long time the prin
cipal ource of metal, have for orne years been con
tributing loss than the ulphides to the total output 
of Leadville. They still furnish a considerable part 
of the di trict's production, however, as new bodies 
are occasionally found, and old tope are from time 
to time reworked for material that was formerly of 
too low grade for minino-. The oxidized ores of the 
blanket bodie how a wider vario,tion in mineralogic 
character tho,n the Ulphide I U the ClementS in the 
original sulphides have been rcdi tributed, and a 
single ulphide, such as pyrite, ha yield d a. number of 
different minerals on oxidation. 

As the different cla.sse of sulphide ore grade into 
one another and are di tributed in a roo t om plica ted 
way, it is to be expected that the oxidized orcs deri eel 
from them have an equally complicated distribution. 
Oxidized ore hoots containing c entially one m tal 
and other-5 containing a mixture of metal are pre ent, 
but the proce ses of oxidation have had a tendency to 
separate the metals further, particularly lead from 
zinc. 

The distinct cla e of ore and their source of 
derivation are li ted below. Their gradations into 
one another are made clear in the descriptions that 
follow. 

Iron-manganese and mangane e oxide ore, derived from man
ganosideri te. 

Iro n oxide ore, deri"ved from pyrite ore low in sili ca. 
Oxidized siliceous gold and silver ore, derived from siliceous 

pyritic ore. 
Lead carbonate ore, derived from m as ive ga lena and mixed 

sulphides. 
Lead-iron sulphate (plumbojarosite) ore, derived from mixed 

sulphides. 
Oxidized iliceous lead ore, derived from ili ceo us mixed sul

phide. 
Zinc carbonate and silicate ore, deri\·ed from rn a ive zinc blende 

and mixed sulphides. 
Oxidized siliceous copper ore and copper sulphate ore, derived 

from siliceous pyrite-chalcopyrite ore . 
Oxidized bismuth ore, derived from bismuth sulphide ore . 

The oxidized copper and bi muth ores are pre ent as 
minor segregated deposit in ore of oth r kinds and 
need no further attention. The little that i known 
about the bismuth ore~ i stated on page 206, and that 
about the copper ores on pages 199-201 and 26 . 

OXIDIZED MANGANESE AND IRON ORES 

CLASSES AND GENERAL CHARACTER 

The group of oxidized manganese and ii·on ores in
cludes three commercial cla.s es-high-grade manga
nese ore, manganese-iron for the manufacture of spie
geleisen or ferromanganese, and iron or iron-manganese 
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orcs for sm lt r flux. Thoro is no marked ditr renee 
betw en. the la t two, ho~ov r , and the u c to which 
the oro 1 put d pond mrunly on th relative d maud 
frorr1 te l plants and melt 1 . Thi group of orcs is 
abundant in Printer Boy, Ro k, Iron, arbonate 
Fry r , and Yan1 e hills o,nd in the Downtown eli tric~ 
and i pres nt aJ o in oth r part of th region. It 
con titute a part of the "v in material " thnt ur
round th hoot or ho,nn 1 of I ad carbonate ore 
as hown by Emmon , but th r lntion of tho iro~ 
and mo,ngo,ne ores to tho :r t of th "v in matorial" 
have not been · temo,ti ally tudiod. A cording to 
Emruon 1 and Rickett 2 thi " in materio,l" i mainlr 
an impu:r mas of iron o,nd mango,n e oxide witi1 

more or I ili a and clo,y y mat rial . Much of it 
i too impure to b min d for it iron o,nd ma.ngnn e 
coot nt, ox ept at o, f w place where it contain an 
unu uall large amount of il r, and grad into 
oxidized ilic ou si1v r or . 

Ac ordino- toRi k t , who con otratcd hi tudies 
on the Morning tar and Ev ning tar min of ar
bonate Hill , th low r ho,lf of tho min ro,liz d ground i 
compo ed lara ly of iron and mangane e oxide , dark 
brown to black and lio-htly mottl d. Farther up 
]aTI!e quantitie of silic ou mat rial occur, e pccially 
in the 1 fil" t contact" depo it. The mixture of iron 
and mango,ne e oxid ar in part compact, in part 
loo . The loo e ariety i found near the top of 
tho zone of gangue rather han in the middle· it i 
al o found near the bottom and in many plac fo rms 
earn in th lime tone and around 1 boulders " of 

unr placed rock. The greater part of th material i 
compact and d op bla kish brown. It has a well
marked jointed tructuro and in many '''ays resem· 
ble tained lime tone. Thi d cription ugg that 
a part at lea t of the hard variety may ha>e been 
zinc carbonate, ' hich, however, i brown rather than 
blacki h brown; but Rickett ' analy i , quot,ed 
below, is that of a ili.ceou iron-mana-an e oxide ore. 

1 It al o eems po ible that the hard vari ty repre ent· 
a replacement of Blue lim tone (dolomite) by iron 
and manganese oxides, whereas the oft vo,riety rcpre
ents oxidation of ma.ngano iderite where black and 

of pyrite or mixed sulphides where brown. 
The following analy is corresponds mo t clo ely to 

certain analyse in the group repre outing fluxing ores 
(p. 223) but al o meets the requii·ement of ore for 
steel plants. 

'Emmons, S. F., U.S. Oeol. Survey Mon. 12, atlas sheets or Iron, CarbOnate, and 
Fryer bills, pp. 407-408, 451, 1 6. 

'Ricketts, L. D., Tbe ore deposits of Leadville and their modes or occurreoce 
as illustrated in the Morning and Evening Star mines, p. 26, Princetoo, 
1883. 
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I · o·'typical specimen of compact iron-manganese oxide ore tna ysts ~ 

[Ricketts, L. D ., op . cit. , p . 27] 

iii ca. ------ ------ ------------ -- ---- -
Ferric ox ic! --------- --- ------------ -

(Equivalent iron, 32.35.) 
.\.lumina ------- --- -- --- ----- - ·-----
~I angan se dioxide - --- -- - --- --- ----- -

(Equivalent m a nganese, 19.64.) 

Lime .. -- -- -------- ----------- - ------
\1agnesia --- ------ ----- -------------
Water ------ .. - -- ---- ---- ---- --------
Phosphoru pentoxide _ -- ____ ____ _ --- __ 
ulphur t rioxide ____________ ___ __ ____ _ 

Carbon dioxide ____ __ _______________ -

10. 73 
46. 22 

. 06 
31. 1 

1. 20 
. 68 

9. 98 
. 05 
. 03 
. 54 

100. 67 

Emmon did not give sy tema ic d cription of the 
·'win material" of Rock, Iron , and arbonat hill . 
Iron and mangan . e, howev r, were abundant in the 
ore zone of ou h Iron Hill , but they were relatively 

arco in the vicinity of the Adelaid mine, at the 
~orth nd of Iron Hill , where jaspery material con
aininc 5 p r cent of iron oxide wa abundant. 3 Iron
·tained vein material , " Chinese tal ," and black 
j peroid w re abundant in the outhern part of 
Carbonate Hill , ' and black iron wa abundant on the 
18 t ide of the ore shoot in the Carbonate mine.5 

Iron- tain d "vein material " was abundant in the 
Exce ior mine at the top of Carbonate Hill 6 and re
placed practically all the Blue limestone in the mine 
of northern Carbonate Hill.7 At the main shaft of 
he Evening tar it was exception.p.lly thick and ex

ceptionally rich in manganese.8 Emmons also noted 
that the " v in material" wa more ilic ou clo to 
the lead ·arbonate tope . Developments had not 
progre ed ufficiently at the time to afford opportu
nity for thorough tudy of th di tribution or oriD"in 
of the vein material. 

Emmons ob ervations on the 
Fryer Hill wer 
almo. t com pi 
tim ' ton b tw 
porphyry. In 

i ~ely high 

1 Emmons, . F. , op. cl t., pp . 407-408. 
'Idem, pp. 412, 41 6. 
' Idem, pp. 4111-420. 
' Idem, p. 427. 
' Idem, p. 429. 
' Idem, p. 433. 
'Idem, pp, 444 et eq 

cheaply mined than the magnetite-hematite ore of the 
Breece iron mine.10 Thi ore in the Arnie mine was 
the only vein material cited by Emmons as being 
utilized primarily for it iron and manganese content, 
but Guyard 11 stated that one of the local smelters 
was supplied with iron flux from the ilver Wave 
mine in Carbonate Hill. The chertlike ilica was ) 

much less conspicuous in the Arnie mine than in the 
mines to the west or to the outhwe t . Much of 
the iron material in Fryer Hill was cavernou 1 with 
dru es of quartz, ceru ite, and locally pyrolu ite. It 
graded into practically pure ilica. The "black 
iron" contained not more than 10 per cent of manga
nese and did not approach a pure manganese mineral 
in any large quantity except in the Dunkin mine and 
the adjoining workings of the Climax No. 3. 

During the interval between Emmons's first and 
second urveys of the district the hoot of oxidiz d 
lead-silver vrc were largely worked out and the work
inO's became inacces ible. Descriptions of the ore 
bodie written in thi inter al gave cant attention to 
the di tribution of different grade of iron and manga
ne e or . When the e or were mined intensive} 
durin()' the World War they were examined by everal 
geologi t and mining enO'ineers, but no de criptions 
O"ivinO' a sati factory idea of the distribu t ion of the 0 b 

or of differ ent grade were pu bli hed. In the a h-
ence of uch descriptions an approximate idea of the 

di tribution and character of the ores can b e gained 
from li ts of producing mines and analyses of the or . 

HIGH-GRADE MANGANESE ORE 

High-grade manganese ore wa hipped from the 
arbonnte (Edna) and A. V. mine in 191 -1924. 

The shipments from the A. V. mine averaged 3 per 
cent of mangane e, and much from the arbonate con
tained more than 40 per cent. To judge from the 
proce of derivation of the high-grad manO'anese 
ores, hey ·hould b comparatively scarce and occur 
m mall bodie . The only con id rablc ourc of 
mangan e are th rna of mangano iderite, in which 
iron exc d Mangan e i ordinarily 
more r adiJ r tain d in olution by descending waters 
than iron, but both are r adily precipitated in the 
pr ence of oxyg n. Wh re con id rable quantiti 
f mangano iderit were replaced by zinc carbonate or 

di ol cd by water containing fr e acid th e iron and 
manD"an w re arri d in olution until the waters 
b ca~e upersatura ted or until pr cipitation in larg 
quan ity ould tak pla e by reaction with dolomite 
or lime tone. Wh re exceptional condition permitted 
depo ition of the iron ' hile the water continued to 
mo e onward with its manO'ane e, the mangane e could 
be depo ited Inter in bo li of hiD"h-grade ore. The 
ideal pla e to look for uch high-gra.de bodi would 

•• Idem, p . 472. 
11 Id e m . p. 640 
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be alona the lower margin of thorough! oxidized vein 
material; but a number of local factor , parti ularl 
the pre ence of such unfavorabl rock a porphyry, 
quartzite, or shale in contact ' ith or clo b th 
original bodies of mn,nganosid rite, would pr en t th 
a cumulation of high-grade mangaue e ore in its id al 
po ition . Intelligent search for the hicrh-gmdc man
gao e ores can be made only in the light of 11 thoroucrh 
knowledge of the di tribution of the other ore in th 

icinity, of the local tructural feature that ontrol 
the circulation of ground "ater and favor or hind r 
the d po ition of the material which it contn,in . o 

mu h important information about tho old hoo{.8 
oxidiz d or ' a left unr c rd d that it i now ~f 
difficult if not impo ibl to gain th d tailed ·k1v1 

? 
f . ll' 0\\-1 dg n ce ar r m to JO' nt pro p cting. 

MANGANESE-IR ON ORE F OR FERRO MANGANESE AND 
SPI EGELEISEN 

Ore containing 16 to 35 p ·r nt of mancran . e wn 
hippe l to manufactur r of t ol in 191 - 1924: fro 

ral min in th arb nn,t ~Iill , Fry r Hill , nn~ 
Do1 n town ar a an l from on nun a h in Iron and 
Rock h.ill . nal e of th e or arc O'iv n below· 

Commercial analyses of manganese-i1·on ores shipped to sto l plant in 191 

l Per cent] 

Area and mine l\fn Fo u,o 

Rock Hill: 
i i Prius mine. ___________ ____ ____ --.--------------- ---- - -- ---- "3o. o 1 

23. 62 
19. 0 
14. 20 

12. 0 15.0 
15.0 12. 17 

Iron Hill: 
Iron ilver Mining Co· - --------------------- --------------- ----- ------ a 30. 0 I 1 . 0 

19. 59 22. 69 
12. 0 

7. 30 
16.0 
uo 

Downtown: 
Capitol (Northern) and Clipper claims b _ ______________ ·· -- _____________ -- a 3t!. 1 

1 
a 30. 

19. 4 
17. 9 

10. 6 
14. 3 

15.0 
15. 0 
17. 6 
16. 5 
15.0 
10. 

27. 64 20. 6 17. 06 
21. 65 20. 2 6. l 

Home Ex ten ion mine _________ __ _____ __ __ _____ _________ --------------- a 31. 00 12. 0 13. 0 
Downtown mines ___ ~ ________ __ ______ ________________ ------_---------- 27. 2 21. 56 9. 0 

Carbonate Hill : Crescent mine _______ _____ ___________ ____ __ ____ ______ _____ _________ __ _ 21. 3 1 . 26 . 12 I 2 
I 0 
19. 7 
19. 4 

Yankee Doodle mine ____________________ --------- --- ----- ------------- 20. 19. 0 . 20 
Star Consolidated mine ___________________ __________ -- _____ __ --_ -_ ----- 20. 2 19. 1 12. 6 Catalpamine ___________________________ __ ____ ____ __ __ ___________ ___ _ 19. 5 1 . 5 9. 1 

Fryer Hill: 
J ason nline------------------------------------- --------------------- • 26. 5 27. .2 13. 2 

12. 0 All Right and Fairview claims c ______ ________________ _____________ ___ _ 17. 3 22.4 14. 

• These samples, if the analysis is recalculated on a dry basis, contain 35 per cent or more or manganeso nd conld therefore qualify as hlgh·grade manganese ore. 
b Different lots !rom these claims contained 0. 031 to 0. 05S per cnnt or phosphorus. · . 
c Different lots !rom these claims contained 0. 038 to 0. 063 per cent or phosphorus. 

Analyses of or es from Carbonate Hill collected by 
S. F. E mmon in 1 94 bowed 31 to 33.5 per cent of 
m anganese, 16.7 to 1 per cent of iron, to 11 p r 
cent of insoluble matter , and 6 to ounc oi , ih· ·r to 
the ton . An averacre of a year' hipment from one 
mine in Carbonate Hill , r ported by th Empire Zinc 
Co., was 25 p er cent of mang11,ne e 25 per cent of 
iron, 1 to 3 per cent of lead, 5 per cen of insolubl 
matter, and 5 to 20 ounces of ilver to the ton. The 
principal requirement at ea tern steel plant i that 
manganese-iron ore for ferromangane emu t contn,in 
more than 25 per cent of m angane e and le than 
p er cent of ilica, although ore with more silica hn,ve 
b een purchased. The Colorado Fuel & Iron Co. at 
P ueblo has used ores containing as littl as 13 per cent 
of mangane e, but such ores ar limited to a very locn,l 
market. 

othing definite is known of the xtent of th e 
ore shoots, as none of them were being worked 
when the writers were in the district . The present 
writer (Loughlin) had an opportunity to examine 
briefly some of the stope in the tar Consolidated 
mine, incidentral to other work, but not to map them 

in d tail. The e top compn,r d with tho e of other 
or0s were mall and. irregular. The or was oft and 
black and contn.in d hard r idual lump and tresks 
of chert or ja p roid and s ams of lay. Accord
ina to ,T . B. mpl by,12 who vi it d th di tri Lin 
1917, the Fairvi w or All Right o. 1 property con
tained a fairl homo()' n ou ma of ore 120 f et 
thick. It ar al xt nt had not b n pr v d, though 
the working at th tim p n trated an ar a mea ur
ing 200 by 75 fc t, and imilar or had b n found 
275 feet farth r w t in the old Fairview haft 400 
feet to the north in th Ja on.len,s , and 300 f et to 
the north in the ll Right haft. 

FLUXING ORE 

· Ann,lyses of the ore u d for fluxing are more 
numerous and complete, but information on the x· 
tent and distribution of th l)re shoots and their rcla· 
tions to ore bodies of other kinds is as meager a that 
on th group of ores just consider d. Repre entativ 
analys made on sample of th e ores from lot hipped 
in 1917 and 191 are giv n in the followincr table: 

"Min. and Sci. Press, Nov. 21, 1917, p. 758 (reprinted from press bulletiosol 
U.S. Oeol. Survey). 
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Analyses of iTon -man gan ese flu xing ores 

(Rep•.r ted by smel ting companies) 

Are nod mine 

Roc~'i~ \ ' ~riu ---------- ---- -------- ------------1 
La Plata ----------- -- ---------- ---------- __ 

Jron r~~~~ ilvcr ---------------------------------1 
Do - - ---- ----------------- _________ ___ _ 

Downtown: _ 
Downtown M m -- _ --- ____ ___ _______ ____ __ _ 

Do -- - ------- - ---- - --------------------
D o _- --------- - ------------ ___ _____ __ _ _ 

Capi tol ( or thern) ---- ---- - - - - - -- - -- --------
Do -- - -- - ------- - - --- ----- -- --- -- -- --- -

Csrbonnte _Hill : _ 
Leadville Consohdated group -------- -- ---- - --

Do ------- - - --- -- - - - --- - --- - - --- -- - - ---tar Con ol idat d _______ __ ____ _____ ________ _ 
Western 'l ini.ng o _____ _________ ______ ___ __ _ 

Big cs~e~ = = = = = = = = = = ~ = = = = = = = = = = = = = = = = = = = = = = = = Castle iew ___________ ______ _____ ___ __ ____ _ 
eneca _ - - - - - - - --- - - - - - - - - - - - - - _ - ___________ _ 

Do ______ -- ___________ _____ __ _________ _ 

Fryer ~ i ll_: FairVIew ___ --- __ ___ ______ ___ _____ _____ ___ _ _ 
All Right ___ ____ __ ___ ----- ______ ____ ___ - - - - -
Chry oli te .J_-- __ ___ _ _______ _ ___ _ ____ _ ____ _ __ 

1 

Do ---------- -- - -- - -- - ------- ~--- --- - --LitUe hieL __ __________________ ___________ _ 

Do ---- - ------ --- - -- · ------- ---- - --- --
Dunkin - - - -- ------- - -- - -- --- -- - ---- -- - - - ---
~ l atch! ____ _____ _________ ______ __ __ __ ___ _ 

Eat Fryer Bill: Little il ver _______ __ _______ ____ __ ____ ____ _ _ 
Do _________ __ _____ ~ _______ _____ __ ____ _ 

Bangkok and ora B ell __ __________ ______ ___ _ 
D o _____ __________ __ __ ____ __ ___ _______ _ 

Foreb~u-~l~ = = = = = = = = = = = = = = = = = = = ~ = = = = = = = = = = = = = ~ 
Tip ~6~ = = = ~ == == === = = = = == = == == = ============ =I Denver i t y ____ ___ __ ___ ________ __ __ __ ___ __ _ 

Do ____ ______ __ _______ _________ __ __ ____ _ 
QuadrilateraL ____ ______ __ - - - --- ____ __ -_. ____ _ 

Do __ __ ___________ __ __ __ _____ ____ ______ _ 

loll'a Gulch: 
Le Compton ----- -- --- - --- ------- ---- - - - -- - --

D o- - - -- - --- --- ------ - ---- - - ------- -- - - - 1 

M n 

Per cent 
19. 3 

7. 0 

6. 6 
. 5 

29. 0 
25. 2 
20. 5 
24. 4 
25. 7 

30. 0 
10. 0 I 
17. 1 
12. 0 

4. 1 
12. 0 

.9 
1 - 9 

.4 

20. 7 
23. 0 
6. 5 

14. 6 
16. 

3. 1 
.3 

9. 0 

5. 7 
7. 2 
3. 65 
. 0 

7. 
5. 9 
7. 3 
- 1 

7. 0 
5. 9 
5. 3 
1. 4 

9. 3 
2. 3 

Fe iO:t Au Ag P b Cu s 

Ouncu Ounus 
Ptr cent Per cent per ton per ton Per cent Per cent Per et!U 

16. 7 16. 3 0. 00 1 9. 4 0. 65 0. 03 --- -- ---
27. 23. -! 06 0 3. 7 -- -- - --- --- ---- -
-! 1. 5 7. 9 03 7. 0 L 6 05 -- --- ---
29 . 4 21. 0 01 5. 5 0 03 --- -- ---

27. 1 12. 3 003 6. 0 2. 7 25 --- - -- --
24. 4 5 ·----- - - 5. 0 I 1. 0 - -- ----- ---- ----
30. 3 4. 7 -- - ---- - 2. 95 L 2 - - ------ -- ----- -
20. 6 H. 4 -- - - - --- 10. 3 2. 45 ----- --- ---- --- -
21. 0 6. 0 -------- 10. 2 5. 9 - - - - --- - ---- -- --
15. 0 12. 4 - - -- ---- 9. 3 1. 0 --- -- --- ---- - ---
29. 3 16. 6 006 4. 4 3. 5 - - --- - -- ---- -- --
33. 0 0. 5 ---- - -- - 4. 5 ' 65 -- --- --- -- --- ---
34. 0 9. 0 - - ---- -- 3. 7 5. 3 - - ----- - ----- -- -
44. 0 6. 9 -- - ---- - 1. 95 35 -- - ---- - --- -----
3 1. 0 10. 9 - -- -- -- - 4. 0 00 -- ---- -- --- --- --
32. 0 3 -- ----- - 3. 13. 1 , _______ _ 

--- -- ---
37. -! 3. 0 - ---- - -- 4. 25 1. 4 ------- - --------
2 1 20. 7 ---- - --- 23. 1 11. 95 --- -- -- - --- -----

27. 0 10. 7 - - --- --- 4. 5 1. 6 

=== == ===!== == ==== 29. 0 6. 3 ------ - - L 6 35 
25. 0 40. 2 -- - - - - -- 14. 45 2. ----- -- - ------ --
3 1. 4 16. 5 -- ---- -- 4. 5 4 -- --- -- - --- -----
32. 6 10. 4 --- - -- - - 4. 1 L 0 --- --- -- --------
39. 7 26. 0 -- ----- - 6. 7 2. 1 -------- ·- - - -- --
40. 9 17. 7 -- --- - -- 6. 1 2 - - - ----- ------- -
39. 0 11. 0 ----- --· - 7. 0 -- - - - --- --- - -- -- -- ------
36. I 22. 0 - - -- -- - - 4. 5 1. 0 - ------- --------
39. 5 20. 1 · ---- - -- 17. 4 --- ----- -- -- ---- --- ---- -
25. 4 33. 05 ----- --- 19. 2 4 ------ -- 11. 6 
4-t 4 15. 02 ---- ··--- 5. 25 - - - - - - -- ---- -- -- 1 
41. 6 17. 2 --------1 4 

. 3 r----- -- --------
36. 7 26. 9 - - - -- - -- 25. 15 - - - ----- ---- ---- ------ --
3 9 20. 7 - - - -- - -- 14. 05 - - - -- - -- -- - -- --- ----- ---
42. 13. 5 - - -- - - -- 5. 65 . 5 - ------ - - -------
42. 9 14. 1 -------- 3. 45 4 --- - -- -- --- -----
3 1 20. 4 ____ ____ ! 11. 35 None. -- -- -- -- -- --- -- -
44. 6 11. 1 01 6 6 -------- -- ------
45. 1 I 19. 1 -- --- --- 3. 6 ---- - - -- --------
27. 23. 7 --------1 9. 2 1. --- - - --- - -- - ----
39. 3 22. 5 ---- ---- 5. 25 2. 1 ------- - --------

from mixture of mangano iderite and pyrite ; those 
with hiah iron and ilica and low mangane e (Ea t 
Fry r Hill ) uaa t d rivation from iliceou pyri tic 

1 or _ ~'dl th ~ e arietie !!rade in to one ano ther, and 
a ll or iginall ntain d mall to negligibl amounts of 
aa l na a well a. zinc bl nd _ The lead has remained 
in th 

ounc 
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also paid for. With increa e in silver and gold the 
iliceou iron-mangan e ores grade into iliceou golcl

silv r or . 

1 parati ely low p rc ntage f I ad to practically pure 
I ad arbonat . 

A nalyses of siliceous o1·es 
ILICEO S ORES 

ilic ou or aluable f r th i r ·on t nt of gold and 
2 

21. 10 0. 00 
7. 30 13. 9! 

65. 9 . 10 

Insolu ble ___ _________ 0 39.50 . 20 
F rric oxid __ -- --· 35. 67 1 54-. 14 
Ma ngan se ______ - -- - ------- 22. 36 
Lim ----- --- . -- . 50 
Carbon dioxide ------ 3. 44 ____ _ 
Water ---- -- ------___ 3. 46 12.71 4. 22 

silver may be con id reel in two g neral group -tho 
in the" ve\n mat rial ' a o iatecl with h lead arbon
ate blanket bodies in th w torn part of the di trict, 
and those in the v in and connected blank ts in 
Breece Hill and vicinity. 

The distribution of th 'vein material " is d crib eel 
onpage221. Mostofth ilicoou mat tcr (" japcroid ," 
"chert, ' " flint, " or " quartz ") in the vein material 
can not be regarded a ore, although it commonly 
contain a few ounce of ilvor t the ton , but a thor 

I Zinc ox ide _____ -------- 2. 56 ]. 00 
5.'9·-

i no sharp differen e in aenoral appearanc b two 'n 
thi mat rial and high-grade ore they are hoth included 
in the following d cript ion. According to Ricketts, '3 

this "siliceou ga.naue," as s en in arbonate Hill , 
exi ts in large bodie and great variety. It o cur 
a rul near the lead carbonat oro shoots, b oth abo e 
and below them, and i r arely found any con iclerabl 
eli tance away from them. Above these shoot and 
along the contact.., ith White porphyry it is v ry pur , 
much of it appearing as a spongy white material with 
hard cherty cor . In the Lower Waterloo and For
saken ground a large sheet of eli integrated rock with 
many external features of quartzite ov rlies the " ec
ond contact " ore body in the Blue lime tone. 

The great bulk of the siliceou gangue is below the -~ 
lead carbonate ore shoots and forms large though ill
defined and irregular bodi . It i much more com
mon under the '~first contact ' than und r the " e ond 
contact" shoot . It everywhere contains a high per
centage of iron. In it pur t form it xi t in local 
concretionary depo it of hard red ja p r embedded in 
softer, more impure material. These hard mas es 
are cut by relatively few joint , but a the percentage 
of silver decreases and iron oxide and lead carbonate 
appear in quantity, a regular joint t ructure breaking 
the rock into mall angular block become character-
i tic. The mo t common variety of thi gangue has 
from 30 to 50 per cent of ilica and the re t consi t 
of iron oxide, lead carbonate, and a little water. The 
specimen r epre ented by the analy i in column 1 
below ,,-as unu ually rich in ilver , which was present 
almo t entirely as coatings of horn sil ver along tho 
joint . Its percentage of lead entitled it to consider
ation as a lead ore under present methods of cla ifi
cation, but it was mined for it ilver content. Gra
dations are present from material containing uch com-

II RlckeLts, L . D ., op . cit., p. 27. 

Lead ox ide --------- 15. 46 
il ver ch loride - _ _ _ _ _ 1. 44 

o:oi2 iJ VOL ------ -- • - -Gold .. ______ __ ____ _ _ 

09. 47 

a ili ca . 

1. ilic ou silver-! ad ore, :.\1orning . 'tnr n inc. 
L. D., op. cit., p. 27. 

Rickett, 

2. " iliceou hematite," hry olitc mine. 
v y Mon. 12, p. 557, 1 6. 

3. " Iron ore," I no ha min . Id m. 
4. "Hard carbonate, " oopcr mine. Idem . 

Emmon ,1 4 b id mn c of 
lo\ -grad to barr n ' h rt " in outh rn nrbonntc 
Hill and Fry r Hill, r port d b odi f rich ilvcr ore 
a ompanied by little r no l ad in bo h plac . One 
of the e was at the 'fu t contact" in th tna claim 
n ar it boundary with tho P end ry claim, but no 
fur ther mention wa mad of it compo ition. The 
Clima~ min contained ncar th mi line an ore 
corui ting of white ilic ou and , ample of w·hich n-
ayed a much a 1,600 ounc of ilvor to the ton and 

mill runs of which y1 ld d 30 
ton and little or no I ad. ioiilar or wa found in 
the Dunkin mine. In th Matchl min , ncn.r the 
Leonar l haft rich or , consi ting of horn ilver dis
seminat d through nn och rou and ron , lay on 
the Parting quartzit OT on a layer of ch rt immediately 
abo>e it and abutted again t th north ide of the 
Gray porphyry dike. Cracks in th chert were coated 
with the arne oro. Thi or wa abnormally low in 
mangane e and wa colored by r d iron oxide in tcad 
of the u ual brown ariety. Th Robert E. Lee mine, 
one of the greatest ilver producers in the district, al o 
contained a ery siliceous ore fr e from lead and rela
tively low in iron. It main or body wa immediately 
above the P arting quartzite, whi h i there ju t abo>e 
the lov;rer sheet of White porphyry. 'fh ore body 
wa almo t perfectly continuou , ranged from a few 
inche to 25 f et in thickne , and wa generttlly over
lain a well as underlain by dark-blue " bert." The 

" Emmons, S. F., op. ci t ., pp. 428, 442, 476. 
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. bore wa in orne places a red sandy or clayey mas 
~d in oth rs a chert or siliceous iron oxide with it 
10 

cks and joints lined with horn silver . This ore also 
t~ generally characterized by a bright-red color and 
t ab ence of mangan se. Concentration of this ore 
~~evident ly favored by downward migr ation of silver 
: olution during oxidation of the now eroded part of 
:he ore body that formerly lay along t he axis of tho 
local anticline. The solution became confin d to a 
rhaunel in porous arid sh attered parts of the" cherty'' 

100e and wa damm d by the ma ive ch r t and the 
Gray porphyry heet dire t ly outh of the o. 2 haft. 
Exploration to the north ea t and nor th west found the 
ore more irreaularly di tributed t,hrough tb ore zone 
and not o concentrat d. At the t ime of Emmon 's 
study in 1 0 a layer of ore that con i t d of barite 
thoroughly impregnat cl with horn . ilver wa being 
followed. This var iet wa · a local clo e as ociate of 
~liceou il er ore in Fryer Hill. 

uthea t of Fryer Hill a iii ou ore of good grade 
contai ning horn ilver -v a found in the May Queen 
mine at the urpri o haft, and ub equent to 
Emmon ' vi it in 1 0 some rich ore bodie were 
opened in the For st City mine, farther a t . , ti ll 
fart her cast the co per mine yield d orne >e.ty 
iliceous ore (call d ' hard carbonate ") rich in horn 
ilrer. An analysi of low-grade iliceou ore from 

this mine i hown in column 4, page 224. ili ceous 
'l>er ores have probably been di covered in the 
oxidized zone of Iron and Rock hills, but no records 
of them have been found . . 

Tho iliceou ore thu far described contained 
con iderable . ilver but very little gold. In Iron Hill, 
accOJ·dina to Blow, 15 the oxidized "vein material" 
along the porphyr ontact i more ilic ou than 
that along th ore channel ' i thin tho Blue lim - tone, 
and gold, if pre en t at all , i more common near the 
porphyry ontac . o vi ible gold has been found. 
Both ilv r an d gold ar e aenerally presen t in inverse 
proporLi n to th leo. l ont nt. pp r ' hich i 
promin ut in om f lh aold or of Br o Hill is 
pr" nt in mall quantit a and native 
mola l. 1'h r llo' ocher us fcrri and 
lrad ulphat ), whi h und rli the 1 ad carbonat 
,hoot , ha h n in rin.bl ob erv d, in th gold
beari ng ho , t b t.h rich tin aold. The "gold-ore 1 

'hoot" in Ir n Hill, nlled b cau of th p r i tent 
pr nc of a ld in all it or , wa continuou~ly 
develop d f r ~ , 5 0 f t, but no d tail d de criplion 
or anal i of i or wa gi n. Th Ime h ot, in 
Iron Hill, wa al o hara riz cl tlU'oughou t b th 

" Blow, A. A., Geology nod orodeposlt.s or Iron Hill, Lenlh•llle, Colo.: Am. Inst. 
Min. Eng. Trnns., vol. 1 , pp. 157, 100, 163, 16 , 169, J 00. 

presence of gold . This shoot extended from the 
White porphyry down to the Gray porphyry sheet in 
the Blue limestone, and its gold content was greatest 
near the two porphyrie . At the bottom of the 
oxidized zone the ore changed abruptly into ulpbides 
low in silver and lead but containing 20 to 40 per cent 
of zinc and 0.2 to 0.8 ounce of gold to the ton and 
r embling in compo ition certain ores in the Wimu -
Luema and other veins in the district. 

o specific mention of gold in the oxidized zon s 
of Carbonate and Fryer hills was made in the Lead
ville monograph, except an as ay of " black iron " from 
the Chry olite- ul tu re No.1 ground, which showed 0.2 
ounce of gold and 7. ounces of silver to the ton. 

In the North Iron Hill area gold was found in the 
ores of the Double Decker and Ad !aide min . That 
in the Double Decker wa r eported to be in ambrian 
q uartzit,e, the local surface rock, but no furt her informa
tion about it could be obtained by Emmons during his 
fir t sur vey . He stated that tho ore in th Adelaide 
group wa eli tinguished from that of roo t of the other 
mine in the district by a total ab enceofmanaane eancl 
th mall amount of iron oxid , a r elatively low tenor 
in silver, and a more abundant oc urrence of gold and 
copper, in whi h it r mbled the ore of Br ece Hill. 

orne of the ore in the Parting quartzite wa compar
atively rich in gold. B low this quartzite the upper 75 
feet of White limestone was r eplaced b jasperoid 
containing about 5 per cent of iron oxide; below the 
ja peroid a sheet of decompo ed, iron- tained Gray 
porphyry contained 1 to 5 ounces of silver to the ton 
and at one place 330 feet below the urface, was 
impregnat d with ilicate and carbon9.tes of copper and 
with ome r eel oxide and native copper. Th e ili
ceou m aterial underlay two blank t depo it of lead 
carbonate in the Blue limestone ; the lower, jw;t above 
the P arting quartzite, was a ociated with iron- tained 
vein material , and the upper, above an upper beet of 
Gray porphyry, Wll a remarkably puro white and 
arbonate. 

onsider able iliceou "vein material ' ha b en 
found in ank e Hill, but no r cords are at hand to 
show that it ha be n work d for its aold or ilver 

ontent. Farther a t, in the Gr at Hope mine, on 
the lo' er north lop f Br ece Hill the upper 60 feet 
of Blu lim ton , a ordina to Emmons' descrip
tion,t0 wa repla d by " iron vein material " with 
om " laro- lay -s of dolomite. The iron ein 

material" oveTli either quaTtzite or more probably 
ilicified Jim tone, a the Blue lim tone wa r eported 

to be 96 fe t thick in the Aero th Ocean haft, 200 
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feet to the south. \..layer of gal na 5 to 6 foet thick 
wa reported at a depth of 105 f et, but the main ore 
of the mine wa tak n from the " quartzite," which. as 
well as the lower portion of the iron body, wa impreg
nated ' ith aold. The gold wa ery coare. From 
400 to 500 tons of " q unrtzit aoll or ' a ra <Ying 1 ;t2 
ounc of gold and 4 ounc of sih-er to the ton wa 
said to have b en tak n from the mine, and on lot of 
3,000 pound wa aid to ha e yield('d 31 ounce of 
gold to the ton. \. dike of White porph Try, cut in 
the eastern portion of the ' orkin!!S , mn have influ
enced th cone n tration of th or at thi particular 
point. 

\ ery little work wa done in the Great Hope mine 
between 1 2 and 1922 when timbering of the haft 
wa begun by Thoma Gi1Toy 17 with a •iew to r ach-

Contents of dry oTe shipped from the Great Hope mine from J uly, 191 S, to March, 191 4 

. 
Gross Gold il\'er I 1aogn-

Moisture Lead I roo iliro ulphur 
quantity (O UD CCS per (ounce~ per ncse 

(per cent) (per cent) (per ccol) (per cent) (per cent) 
(pounds) ton) ton) 

I 
(per cent) 

9, 700 9. 3 2. 06 5. 0 3. 0 13. 0 60. 9 
40, 660 6. 1 . 30 3. 6 ------ -- 7. 6 67. 2 -------- --------1 ----·--- -- -·- ... --
55, 6 0 .6 1.2 9. 3 .2 13. 2 59. 2 ----- -- - --------

207,960 6. 9 . 72 5. 5 4. 5 9. 6 2. 2 --------
45, 600 12. 3 1. 61 6. 5 4. 9 11. 4 61. 4 -------- 0. 7 
9,0 0 13. 3 1. 52 3. 0 ------ -- 11.0 6 ------- - .7 

100, 760 11. 6 1. 63 5. 3 3. 2 13. 6 56. 0 ------ --- -- -----
116, 720 12. 3 1. 65 3. 3 -------- 13. 6 63. 7 - -- ----- --------

A ays of ample taken in 1917 mo tly ranged from I 

0.04 to 5 ounces of gold and 1 to 10 ounces of ilver to 
the ton. few showed as much as 9.6 ounces of gold, 
one showed 31.30 ounc of gold and 20.4 ounc of 
silver, and another 37.40 ounce of gold and 32.6 
ounce of silver. 

A compo ite ample of ore from the Rexall workings, 
submitt d by Mr. Gilroy consist d mainly of jasperoid, 
somewhat honeycombed and tained brown and black 
by iron and mangan e oxides. mall quantities of 
galena, pyrite, chrysocolla, malachite, and rarely vis
ible free gold arc pre ent. The ja peroid i cut and 
impregnated by veinlet and grain of glas y colorless 
quartz; fine dru es of quartz line many of the small 
cavities. Mangane e oxide is present throughout as 
black spots and patches and mall botryoidal coatings, 
ome of them cover d by the fine quartz dru e . Ga

lena i pre ent as cubic grains impregnating jasperoid 
and as grains and granular ma.-, es as ociated with the 
vein quartz. Pyrite, present in minute grains, shows 
the arne relations to the ja peroid and quartz. Pyro
morphite form druse of mall to microscopic green 
pri matic crystals in cavities. Its fine t-grained varie
ti are yellowi h n.nd may be confused with basic ferric 
sulphatcs. The few vi ible pecks and flake of gold 
!Show no con i tent a ociation with the other metallic 

" Oral communication. 

min ral . Mo t of it i in mas i o quartz or jn·peroid, 
omc of it a ociated with manganc e and orne not. 

One mall flake lay adjac nt to a galena r tal in finely 
granular quartz; anoth r lay in a little oft red iron 
oxide, uagc ting oriainal as ociation with pyrite. Xo 
gold wa found in avitie or fracture that cut the vein 
quartz or ulphide. The o ClllT nc of th gold on th 
whol point to primary origin, although the po ibility 
of enrichment i admitted. few films of brown clay 
re embling zinc-bearing clay ar pr ent in caviti . 
The iron- tained jas peroid al or embl.:- the low-grade 
zinc carbonate ore, but qualitative chemical tests failed 
to show any appreciable amount of zinc. 

The para<Yenesis of the Great Hope ore wa a follow ·: 
Jasperoid r eplaced Blue limestone and wa accompa
nied by very little of the ore min&als. Pr umably 
pyrite was thinly di senUnat d in it. The jasperoid 
was fractur ed, and the fractures and other cavities 
were filled by vein qyartz accompanied by pyrite, 
galena, zinc blende (presumably), and gold. Oxida
tion remov d the blende, oxidized the pyrite and ga
lena to hydrous oxide and carbonate, and to oroe 
extent carri d the iron and lead downward in solution, 
the iron replacing any limestone or dolonDte, an~ tho 
lead being depo ited a phosphate or carbonate. !lvcr 
wa presumably concentrated downward, as elsewhere 
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Leadville. Gold in the pre ence of o much manga
m_0 and iliceou gangue ' as u bject to downward con
~nt ration, and it i ther fore reasonable to expect 
nrichrnent in gold below ground-water level. 
1 

imilar siliceou ein material was found in other 
.unes in the northern_ p~rt of Breece H!ll durina the 

111tr hi tory of ~h~ d1 tr~ _t , but no defimte record. of 
ilie mining of OX1d1z d 1hccous blank t ores for gold 

111
d ilrer ar at hand. The mo t produ ctive of h e 

01posit wer doubtl in and nen.r the Little Jonny 
mine. 

The blank t ore bodi conn ct · d with the main vein 
in the Winnie mine ar ilic ou and in part oxidized, 
~ut no pecific information regarding th oxidized ore 
· s1a ilable. 
The oxidized iliceou ore in or n ar a ein in the 

Ballard mine i d crib d a an och rou material and 
··repres nted by the following analy i . 
j.alysis of oxidized siliceous ore from the Ballard mine, Breece 

Hi ll 
[W. F. Hillebrand , analyst) 

Analysis 

, 0, ... -------------- 76. 2 
.u,o,.----- ------ --- - 1. 7 
FetO, ------ -- ------- . 53 
MgO •. -- -- ---- ------ • 17 
CsO (i ncludes rO) _. _ _ . 11 
xa,o___ ___ _______ ___ . 56 
KIO__ _____ ____ ______ . 71 
HIQ- _______________ • 56 
H

1
0 • ____ __ - _____ -- 2. 64 

TiO, ------ ---- ------ • 10 
P,0

1
________________ . 22 

so,_________________ 4. 97 
v,o, ____________ ____ one. 
l!nO ___ ___ ___ . ___ ___ Trace-

SaO ------ ---- ------ . 19 
Li10 ------ _ _ _ _ t rong trace. 
PbO -------- -- ------ 1. 0 
CuO. -- - -- ---- __ ___ _ . 02 
3i~l- ----- - - --- -- --- . 74 
. \g __ ---- ---- -------- • 03 
-~0, ------ ---- ----- . 52 

99. 4 

Calculated mineral composition 

Quartz ------- ------- 74. 52 
2. 32 
7. 01 

atrojarosite_________ . 73 
H ematite------ ----- - 1, 92 
Mimetite ------------ 1. 0 
P yromorphite-------- . 1 
Bi mite______ __ ______ . 74 

Chry ocolla --- ------- . 05 
ilver -- ---- - -------- . 03 

Ru ti le_____ __ _____ ___ . 10 
Re t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 02 

99. 05 

prin ipally for aold, 

11 Larseo, E. ., and Wherry, E. T., B idellite, n new mineral name: Wasbing
lilaAcad . cl. Jour., vol. 15, pp. 465-466, 1925. Ross, . ., nod hanuon, E. ., 
Tbe ehomicn l composition and optical properties of beidellite: ldem, pp. 467- 4 . 

The ilver may be pre ent as horn silver, native ilver, 
or argentojaro ite, as in the jarosite ores repre ented 
on page 230. 

OXIDIZED LEAD ORES 

LEAD CARBONATE ORE 

The lead carbonate ores, which were by far the 
mo. t \aluable products of the district during it earlier 
tag , wer e ab undant in Rock, Iron, Carbonate, and 

Fryer hill , where they formed lona continuou hoots, 
principally along the upper middle parts of tho or 
zone . mailer shoots of lead carbonate were found 
to the south and east of these hill . The or a 
whole contained onsiderable chlorobromide of il ver , 
although the silver content varied widely. With in
cr aseingangue material the lead carbonate or !!raded 
into jasperoid or into iron-manganese or , both of which 
contained varying quantities of silver (pp. 223-224 ). 
Two principal varieties have been generally re og
nized- " and carbonate " and "hard carbonate " 

SAND CARBONATE 

The pure t , largest, and best defined bodies of lead 
carbonate, according to Ricketts 's de cription 19 and 
Emmons's maps and sections, 20 lay under the White 
porphyry. The purest bodie consi ted almo t entire
ly of granular ceru ite crystals in readily crumbled 
masses, though in places they' ere firmly cemented. 
The individual grains were about the size of coarse 
and and consisted of imperfect prismatic crystals. 

Because of their loo e, sandy text1.11'e they have been 
called "sand carbonates." The color of these purest 
mas es varied . A few, a..c:; in the Adelaide and Morn
ing tar mines, were almo t pur e white; others were 
cr am-colored, gray, grayi h brm' n, dark blui h or 
greeni h gray, and almo t black. The coloring matter 
wa commonly iron oxide and locally mangane e oxide . 
The olor bor no constant relation to the content of 
ilver and rarely to thstt of lead, although Emmoo 21 

noted that the white and carbonates in the Adelaide 
and Morning tar min contained less il er than the 
tained arietie . In orne place , notably the Upper 

Waterloo, Carbonat , Little Giant, and Yank e Doodle 
min , the and carbonate had a p uliar banded 
tructure, due to the coloring matter, and parall l to 

th dip of the body. 

11 R icketts, L . D ., op. ci t ., p . 33. 
to Emmons, . F ., . S. Gcol. un·ey Mon. 12, atl , 1 . 
II Idem, pp. 40 1, 437, 4~2 
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A naly es of sand and hard lead carbonates 

---- ---------,----'1"--1-----,---~---,-----'7"---
2 1 5 0 

-----
Silica ( iOz)-- ----------------------- ------. --- -- 0. 651 i: ~u -------- a 0. 4 2 " 4. 43 2. 82 1 . 4 22. 59 
Alumina (Ah03) ------------------- ------ - ------ • 444 --------- · ----------- - --- 3. 99 
Ferric oxide (Fez03) _______ ----------------- - -- - • 467 1. 940 --- ---- ------- 14· 23 11. 3 24. 6 
Ferrous oxide_ (FeO) ________ _ ---------------- -- · 299 ----074- ---- - ---· ---- ------- -· · - -------- . 9 

1anganeseoxtde ( 1n0) ___________ .. ____________ .137 · ------------- -------------- 4.03 

~~~~~~n:~~d~oct~d(~~:o~)I( ;o)===-==- =-=== ======== ==== == == -- =--~ - ~ - =. ==-- ==-=-=== ==--=-o=-,=-,f -=--- -==-=-=J .9 
Calcium oxide (CaO) ____ ----------------- - ------ · 303 · 33o --- - - .. - · race. l. 7 2. 36 
Magnesium oxide (MnO) .-- - - -------- ----- ----- -- · 06 · 056 

0 
--

3
- .,

7 
--

7
-
7
--

7
-
0
-- -- 6- 6-- 9--- ~ --- - - --- 3.04 

Lead oxide (PbO) ______________________ _______ ___ 0. 352 75.40 77.9 • · u · 

1 

. 54. 9 24.77 
Carbon dioxide ( 0 2) -- -------------------------- 14.700 14. 251 10. 1 L 16.30 14.56 13. 07 10. 3 5. 5 
Sulphur trioxi~e ( OM) ____________ . ___ . ____ - ... ---- Trace. ; 4 6 - --- - --- · 32 

1
- ~2 · 55 --- 5. 90 

Pho phorus oxtde (P20 5
) __________________ - - --- _-- l. 532 1 race. 6. 4 0 · -- ______ _ 

Antimony oxide ( b20s)--------- ------------------ - - ---- - · 121 ------ - 56.02 
Arseni c oxide (A 20 5)- --------------------------- Trace. Trace. - -------------- _ As .01 
Chlorine (CI)_ __ __ ______________________________ . 255 . 2 . 40 Tr~~o --- i.-52 _1 ___ 1. 61- , _. sog3 
Water (I-1 20 ) -------- ---- ----------- ....... ----- ---- . 395 !· 140 ------- - --- - - v 
Cobalt oxide ( aO) __ _____ ____ _________ -- --- ..... _ Trace. 'I race. -------- -------- -------- - ___ _______ _ 

Zinc oxide (ZnO)--- - ------ -------------------- - - - -- ----- . 095 -- (-1>6·._-6o)3 -,---(1>2- 6_-)i2 -~ -- -(l>-3_-5i)6 - --l>(-2i: 3)o- (T9.;a~--cf·e-l. ' ilver (Ag) ________________________ . ----------- .
1 

. 009 . 777 I . 047 
Ounce per ton .. ___________________________ -- (2. 5) (227) (14) 

Gold _____________ ___________ ____ _______________ Trace. Trace. I __ ---- -------- --- --- ---------------- Trace. 
Ounce perton __ ____________ ___ __ _____ --- - -- (0. 05) - - ~ ----- -- -- - -- - ------------------------. 

199. 612 99. 7441_100_3 -±--
Less oxygen for chlori nc _ . ____ --- ---- -- ------ ----- . 057 

99. 61 99. 33 100. 63 99. 95 

99. 555 

a Recorded as gao gut. b Sil 1•er chloride. 

1-5, Sand carbon ates ; 6- 7, hard carbonates; , mixture of ores. 
1. Adelaide mine. W. F. Hillebrand, anal st . U. S. Geol. urvey :.ron. 12, pp. 599- 600. 
2. Little Chief mine. W. F . Hillebrand, analyst. Tdem. 
3. Waterloo mine. W. F. Hillebrand, analyst. Idem. 
4. Upper Waterloo mine. L. D . Ricketts, analyst. 
5. Lower Waterloo mine. L. D. Ricketts, analyst. 
6. Morning or Evening Star mine (iron-rich ore). L. D. Rickett , analyst. 
7. Morning or Evening tar mine (moderately siliceous ore) . L. W. McCray, analyst (quoted by L. D . Ricketts, op. cit.). 
8. Average ore. T. Fluegger, analyst. U. . Geol. urvey Mon. 12, p. 544 

Analysis 1 represents remarkably pure ore which 
r embled white quartz and. Recalculation hows 
the ore to have con isted of 5.6 per cent of lead car
bonate, 9.75 per cent of the chloropho phate pyromor
phite, and 0.012 per cent of silver chloride, with a little 
iron oxide, clay, a.nd carbonate gangue. Analy i 2 
repre ents di colored lead carbonate accompanied by 
a little lead sulphate (anglesite or plumbojarosite) and 
probably antimonate, which was present as a yellow 
sub tance (bindheimite~) , but with no pyromorphite. 
The ilver is equivalent to 1.03 per cent of ilver chlo
ride. The gangue consists of iron and manganese 
oxides, clay, and carbonate. R ecalculation of the 
partial analysi 3, which al o repre ents a discolored 
ore, shows 61.7 per cent of cerusite, 32.07 per cent of 
pyromorphite, and 0.062 per cent of ilver chloride; 
the small amount of gangue probably includP.d some 
aluminum phosphate as well as clay. Analy es 4 and 
5 represent the purest ore found by Mr. Ricketts 
under the White and Gray porphyri es, respectively. 
No. 4, representing a grayish-white ore, conforms 
almost exactly to the theoretical composition of ecru
site; o 5, representing a bluish-gray ore, shows the 

pre ence of n arly per cent of pyromorphite wi th 
the cerusite . Both were poor in ilver compared with 
the lead carbonate ores as a whole, and th y illu trate 
the fa t that where oxidation wa mo t complete the 
ilver content of t he carbonate ore wa least. In the 

Upper Waterloo the pure cerusite averaged about 15 
ounce of ilver to the ton, or 0.051 p r cent. 

The darker-colored sand carbonates are a a ru le 
the richer, the dark-blue or grayish ore found in the 
Arnie mine, according to Emmons,22 containing 300 
ounces of silver to the ton. Emmon 23 stated that 
the silver in the oxidized ores was all present as chlo
ride or bromide, but Guya rd 24 stated that where ceru
site was tinged with black the color ·was duo to 
"sulphuret of silver ." No complete analyses of the 
les pure sand carbonates are available, but the fol
lowing partial analyses design at d "sand" by Guyarcl

11 

how the iron content to reach 30.5 per cent and that 
of silica 32.5 per cent. 

"Op. ci t ., p. 452. 
11 Idem , p . 545. 
"Idem, p. 6~ 7. 
~> Idem, pp. 623-624. 
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Partial analyses of "sand" ore 

:'\fine 

rawpa ... .. ---- ---- -
tlrrsolit~- . -- -- - - - -- - 
!il e Ch1eL - - - - - - - - - - -

Do .. --- ---- --- - --
I)Jnkin ---------- - - --
J~tlaid7 . - . - - - - - - - - - - -
Chn" obte ____ ___ -- -- -- ~ 

y0ining tar. - - - -- - .. - -

Silver I L 
(ounces I ead (per 
per ton) cent) 

3 1 43. 70 
75 42. 50 
o 1 37. 50 

100 27. 50 
50-100 1-13 

20 1 44. oo 
72 34. 00 
3 55. 00 

Iron (per 
cent) 

39. 50 
13. 70 
14. 70 
15. 75 
34. 00 

. 00 
23. 00 

5. 00 

Gangue 
(per cent) 

27. 90 
14. 60 
17. 50 
27. 50 
32. 50 
15. 00 
16. 00 
20. 00 

These impure carbonate may consi t of treaks of 
u ite alternating with narrow tr aks of iron oxide 

C! ulphate or of siliceous material. orne earns of 
ltfbonate extended upward into the porphyry. 

HARD CARBO ATE 

Where ilica or iron oxide i abundant and olid 
enough to form a massive rock the ore i call d "hard 
ltfbonat , ' a t rm that implie any hard rock with 
enouah lead carbonate and silver to become ore. Typi
cal hard carbonate are either d n e or porous in tex
lure and full of caviti . Th ircolorvarie tlu·ough 
many hade of brown, red, and gray. According to 
Rickett / 6 a perfect gradation exi ted from ja peroid 
~th little or no lead to hard carbonate which on
lained 20 to 30 per cent of lead, and from hard car
oonate to the pure lead carbonate alr ady d cribed. 
Tho hard carbonat do not occur in ex ten i v beet 
along the contact but rather as thick rna iv bodie. 
o( mnll area which underlie pure carbonate and extend 
downward into waste. Where th percentage of lead 
· unusually high ( 40 per cent or more) treak or in
et of pure, soft ceru ite commonly extend Lhrough 
1 or dru e~ of ecru it may lin th mall aviti . 
The or ri he t in lead is of liaht-aray olor and on

in· li tl iron. It is xtr m ly olid and h av r and 
0 to 0 p · nt of 1 ad arbonat , there

mainder beina mainl ilica. Another r lativ ly pur 
rariet~- contair v ry littl ili a but mu h iron. Thi 
rariety i d p r d and not nearly a hard as th more 
1iliceou vnri ty. uch an iron-ri h ari ty U: ·hown 
m column 6 on paa 22 . olumn r pre ent an 
average . p cimen of hard carbonat or in all re p cts 
t~cept that it i unu uall ri h in il r. Thi ore 
was deep r d di b brown and very hard. It was broken 
by an unu ually' p rfect joint d structur into mall 
~~tangular bl ck . Horn il er depo ited along the 
JOtn nccoun for the high cont.ent of ilver. large 
amount of the silver in the hard carbonat occurred 
in these joints or on the wall of cavitie and. was 
generally visibl in seal of horn silv r. Th ratio of 
sih-cr to lead in the hard carbonate and impure and 
carbonate is much higher than in the purer ceru ite. 

•op. cit., p. 34. 

Few samples of hard carbonate assaying 30 to 40 per 
cent lead contained le than 30 to 40 ounces of 
ilv r to the ton . Although the veinlet of cerusite in 

a hard carbonate are proof that a small amount of 
the lead content was infiltrated, the remnants of galena 
cry::Jtals in hard carbonate ore of different grades how 
that the bulk of the lead was derived in place from 
siliceous galena or mixed sulphide ore. greater 
proportion of si lver was evidently derived from the 
overlying purer carbonates . 

Partial analyses of" hard carbonate ' 01·ea 

Mioo 

Catalpa ______________ _ 
Chrysolite _____ __ __ ___ _ 
Little Chief_ ______ _ - ·· __ 
Chry olite ____ · -- --- ---

Rock ______ ___ _______ _ 
Chrysolite _____ _______ _ 
Morning tar _________ _ 
Morning tar _____ ____ _ 

Silver I Lead / Iron 
(ounces (per cent) (per cent) 
per ton) 

79. 00 
47. 75 1 
25. 00 
65. 00 

18. oo I 45. 00 
39. 00 
36. 00 

I 
33. 60 I 
21. 90 
10. 00 
20. 00-
25. 00 
36. 00 
16. 00 
43. 00 
40. 00 

4. 25 
25. 30 
29. 75 
23. 50 

1 . 10 I 
26. 00 

4. oo I 
6. 00 

Gangue 
(per cent) 

41. 30 
16.40 
12. 50 
15. 00 

6. 50 
1 . 00 
35. 00 
24. 00 

---
• U. S. Oeol. Sun·ey Mon. 12, pp. 021-624, 1 6. 

Partial analyse of hard carbona e or are quoted 
above. ompared with tho e of and carbonate 
the average somewhat lower in silver and lead but are 
very imilar in their content of iron and gangue. The 
hard or andy character i vidently det rmined by 
the di tribution of ilica and iron mineral in the ori!!
inal ore and by the quantity of zinc bl nde or othE'I" 
min ral that ould readily be removed by pro e cs 
of oxidation. An ore con i ting of 50 p r cent of zin1• 
blende, 20 per cent of pyrite, 10 per cent of galena, and 
20 per cent of ilica would on removal of the blendn 
and oxidation of the p)Titc and gnJcna be orne s 
andy rna con i ting approximat ly of 25 per cen f 

of c ru ite 35 p r c nt of limonit , and 40 per cenf 
of ilica, wher a an ore con isting of 10 per cent o' 
zin bl nde,37perc ntofpyrite, 1 percentofgalena , 
nnd 35 per cent of ilica would oxidize to a hard orP 
f entially the arne compo ition as tho andy mtt . 
L ad carbonate also occurs rna ive as i olnted 

pat h embedded in different varieti of haTd gangu 
matorial-mo t ommonly a den e heavy rock that 
on i t of silica anrl iron oxid , break with a con

choidal fracture, and i ometimes poken of a liv r
colored rock. In orne places the rock con i t of a 
blue condar ilica, in which are cattered irr gular 
caviti lined with quartz druses and itT gular pot 
and rna e of ceru ite. Every gradation i to be 
found between the hard jasp r-like liver-colored rock 
in which the ceru ite i entirely lacking and rna ive 
cerusite in which th rei but little iron and silicn. 

An average analysis of 1 ad carbonate ores from 
every producing mine at Leadville ju t prior to 1 0 
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i · gi,cn in column on pa()' 22 . The a\era~ per
centaO'e f lead , iron, and ilver in thi ana.ly~ I a~r 
preci~ ly ' ith he general ompo ition of th nu~cd 
carbonate or charged into th melt 1n of LeadvJllo 
at that time. 

The e analy e of or min eel about 1 c 0 ma. be 
vuwpared with the following typical anal i 27 of lead 
carbonate ore mined on th fourth l >el of the Tuc on 
mine in 1913: Lead 14.9 per cent; iron, 22. p r cent; 
mangane e 1. per ccn ; zin 2.3 per cent; in oluble 
matter , 32.1 per cent; ilv r 13.7 ounc to th t?n. 
The low content of both 1 ad and silYer and th lugh 
content of in oluble matt rare not worth:v and doubt-
1 r fleet general impro,-ement in method of mining, 
m tallurgy, and mean of tran portation. 

LEAD-IRON SULPHATE ORES AND RELATED MATERIAL 

Rick tt , Emmons, and Blow d crib ·d y llow 
mas e of ba ic felTi ulphate which underlay the lead 
carbonate ore and were remarkably per istent. A -
cording to Rickett ,28 thi material wa note erywhcre 
an ore but it was o cla ed becau e it contained orne I 

lead and ilver and in many place wa rich. I r -
embl light-yellow ocher or clay and i plasti wh n 

wet but i u ually dry and firm and ha a perfect jointed 
tructure. It ha a rather hiny lu ter and a moothcr 

feel than imilarly colored siliceou iron oxide or l ad 
carbonate. This material i r pre ented by analy i 
2 b low, which wa mad before he hydrou lead-iron 
ulphate plumbojarQ ite wa reco<Ynized by Hillebrand 

and Penfield 29 a a distinct mineral pecies . nalyses 
of imilar appearing material that contain >ariable 
quantiti of plumbojaro ite and r latcd mineral 
shown in columns 3, 4, and 5. 

A nalyses of lead-iron sulphate (plurnbojarosite) ores 

I 
------~ 

1--2 --1--3 __ ,_4 
PbQ ________ __ 19. 72 19. 50 . 27 4. 27 
CuQ ____ __ ____ ----- --- ·------- --------------- -
F e20a--------- ' 42. 44 44.40 42. 9 1 46. 70 Alz0

3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ • 23 . 20 _______ _ 

Xa20---- -----•- ------- . 37 . 3 1. 6 
K zO_________ _ ______ __ . 15 6. 31 5. 33 
Li20 _- -- ----- _-- ----- -------- ---- ---- --------

0 -------- --I 2 . 29 25. 07 27. 1 30. 53 
H 2 - - --- - - - - - - - - - - - - } • 99 10. 12 10. 54 
H 20 + -------- 9. 55 
CaO _________ ------ -- ________ . 64 . 06 

{ 
lVlgO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 06 
Bi20

3 
__ - _______ --- ___ - ______ - _ _ _ _ _ _ _ _ _ • 0 

As20 6------ -- - -------- • 39 . 42 . 46 
Pz0 5 ------------ - ---- • 11 1. 5 . 0 
, i02 _______ ___ __ ___ -- • 36 I . 30 --------

I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 04 . 26 . 02 

13. 32 
. 9 

31. 0 
2. 26 
. 29 
. 55 

Trace. 
20. 1 

. 12 
7. 29 
. 05 

Trace. 
. 47 

. 10 
21. 13 

Trace. 
----1---

100. 00 99. 6 5 99. 724 99. 15 9 . 55 
Ag, ounce per ====--=----

ton __ _______ _ _ _ _ _ _ _ _ 0. 07 5 0. 004 0. 005 0. 19 
Au --- ---- -- - - ________ ---------- -- - --- Trace. -- ------

"Furni bed by G. 0. Argall, of the Iron-Silver Mining Co. 
• Op . ci t., p . 36. 
'"l:lillebrand, W. F ., and Penfield, S. L ., Some additions to the aluoite·ja¥osite 

group of minerals: Am. Jour. Sci., 4th scr., vol. 14, p. 213, 1002. 

1. Theoretical compo it ion of plumbo ja r ositc (Pb0.3Fe,Q
1 4 3.6H2 ). 

2. W aterloo min , und : Gray P rph~ry. ample collected 
by L. D. Rickett ; analy 1 by W. F. Hillebrand. 

3. 1orning ta r (F rsak ~1) mine, undo~· ray porphyry. 
ample coll ted by L . D. RICk t ; a nal ys1s by W. F. Hille. 

brand. 
4. i\l a id of Erin min , under \ hite P l"J hy ry. ample co). 

lectcd by L. D. Rickett ; analysi by \ . F. HiJJebrand. 
5. I bex min e. Analy i by \ . F . Hillebr a nd . 

Calculated mineral composition of certain lead-iron ulphate orr1• 

2 

ilvcr (native and rombined ) 0. 0 0. 004 0. 005 0. 19 
Bi mite __ ------------------------- -- -- -- . 0 .47 

corod ite -- -- --- ------ ----
1
------- . 92 

Mimctite ____ ____ __ _______ 1. 7 -------- 2. 99 -- -··· 
P yromorphi te __ ______ __ ___ . 1 10. 4 . 6 ---··· 
E xec I ad oxid - --- ---- -- j 2. 00 -------- - ---- - -- . 67 
Plum boja ro it - -------- --- 79. 17 2. 26 13.57 63.33 
J nros ite__ __ ___ __ _________ 2. 00 67. 13 56.11 5.01 
Natrojaro !t - ~-------- --- ~ 5. 2 12. 61 26. 19 3. 
Exc ferncoxlde _________ 6. 77 3. 20 . 96 
E xec sulphateradicl (' 3) -- -- --- 1. 52 -------- ----·· 
K aolin and ili ca ---------- . 63 . 44 -------- 24.15 
•YP urn ----- -- ------------- -- --- ------- . 17 

Lim and magn ia_ -- -- ------ - -- . 64 . 06 .05 
Exec water - ------- ----- . 44 . 6 . 09 --- --· 

99. 50 11 0. 044 100. 905 , 97. 75 

ompari on' ith he th or ti nl compo ition hown 
olumn 1 how that amp! 2 repro ent almo t 

pure plumbojaro ito but i~ accompanied b} mall 
amoun of mimetitc, pyr morphite, lead oxide, jaro
it natrojaro ite iron oxide, and clay. The calcu la ted 

mineral compo ition, e p ially with r p ct to the 
minor con tituent , i n c arily arbitrary, a different 
combinations are po ibl . For example, the nr-enic 
may all be combined with iron and th ex e lend 
oxicl may a tu11lly b pr ut 11 oxid or a carbonate; 
but the figur pre cnted convey a fair impr ion of 
the charact r of the or . ampl 3, repre cntin()' ma
terial of imilar app aranc , is interpreted as c en tinily 
a mixt ure of pyromorphit and jaro ite with mall 
amount of natrojaro it , hydrous ferric a nate ( cor-
odite), and ba ic ferric ulphate ex pre d exce 
ferric oxide and ulphate radicle. ample 4 i a mix
ture of jaro ite, plumbojaro ite, and natrojaro it with 
a little lead oxid , PFOmorphite, and other minerals 
named abo,e; analysi 5 r pr ent plumbojnro ite 
with considerabl ilica and aluminum silicate and a 
little bi mite in tead of ferric arsenate. The four anal-

e al o illu trated the irregular di tribution of il~·er 
in the e or . The ilver may be pre ent as nat11·e 
silver, horn ilver, or the newly r cognized ba ic ul
phate, argentojaro it . 

In the -pper Waterl o, according to Ricketts large 
bodi of thi yellow material beneath pure lead car
bonate ore contained only a few ounc of ilver to the 
ton and were too poor to mine. In the upper conta~t 
ore zone the material wa rarely rich, .except where _1t 
contained vi ibl e ilv r chloride. It was abundant 10 
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;tl of the Lower Waterloo and For aken claims, 
rbjefiv beneath a braneh of the lead carbonate hoot 
~ne~th the Gray porphyry. Here it contained from 
~ to 100 ounces of sil er to the ton, but no silver 
~ernl was visible. A small exposure was found in 

1913 at the bottom of an old lead carbonate stope, 
· .1 above a mall oxidized zinc stope in th Yankee 
~e mine. There it was called "contact matter," 
Jlthough it was known to contain con iderabl lead. 
According to Blow 30 tho yellow sulphate ore is 

:cund also in th deeper part of the lead carbonate 
11posits of Iron Iill and that in the gold-bearing shoots 
·been invariably ob erved to be richer in gold than 

ilie other lrind of ore. 

OXIDIZED ZINC ORES 

Four varietie of oxidized zinc ore may be di tin
. ·,hed by differences in appearance and compo ition, 
dthough they are o intimately a ociated that all may 
mter into a ingl carload. The four varietie are (1) 
!!SfCOrbonat ore, (2) r ddish-brown to brown carbon
;te.orc, compact or filled with calamine pockets, (3) 
blowni h-black to black carbonate-oxide- ilica e oro, 
and (4) white to brown dens silicate ore (zinciferou. 
day or "talc") .. Tho brown varietie, o. 2 and 3, 
m by far the mo t abundant. 

GRAY CARBONATE ORE 

OCC RRE' E 

cription 

OPI FEAT RE 

•op. cit., p. 169. 

in diameter are irregularly cattered through it. In 
places these cavitie are small enough and regularly 
enough distributed to uggest hrinkage accompanying 
replacement of the original rock; in other they appear 
to be enlargements of fracture ; and in still others they 
are clearly the result of the lea hing out of the more 
permeable portions of the ore. Cavities of the fir t 
two kind have rounded edges where the carbonate 
ore has developed micro copic dru y urfaces. Tho e 
of the last kind have rough, corroded surfaces. No 
mineral grains of megascopic ize were seen in the 
fre h gray ore, except a few pecks of pyrite, zinc 
blende, and pos ibly galena, which were noted in two 
pecimens. The e ulphides occur in minute veinlets 

and scattered grains, ju t a they do in the mangano
siderite. In the browni h-gray partly oxidized ore 
from the Henriett workings the fine-grained carbonate 
aggregate i traversed by veinlets of calamine. 

~IICRO OPIC FEAT RES 

In hin cction (pl. 50 th gray carbonat ore is 
seen to be compo ed mo tly of a uniform aggregate of 
very fine carbonate grains of high relief, typically high 
birefringen e, and cloudy appearance. Thi aggr gate 
i cut by' inl t of mith onite that are characteriz d 
by a omewhat coarser grain and freedom from cloudi
n mithsonite, optically similar to that in the 
>einlet , also forms minute rhombohedrons lining mall 
caviti . A few minute di erging aggre<Yates and ino1e 
grains of calamin were noted :filling mall caviti , but 
th total amount of zinc in them is negligible. Incipient 
oxidation i marked by faint brown and bla k tains 
of iron and probably rnan<Yan oxid . A ~-einlet of 
calcite, di tingui hed from rnith onite by distin tl 
lower ind x of refraction, wa noted. 

Th or in 1 mall veinlet and patch onsi t-
ing of varying proportions of quartz, ericite, pyrite, 
and locally zinc blende and <Yal na. I al o inclo es 
cattered ingle <Yrain of the arne minerals. Many of 

th in lo d v inl t hnv a marked "wriggling' hape. 
om ar di tor eel and ev n app ar to ha>e be n pull d 

apart. om ar pen trated or cut by einl t of 
rnith onit . mall ag!rr gat of pyrite al o appear 

to haYe been pried apart by rni th onite veinl t . The 
quartz- ericite- ulphide veinl t and aggregates ha e 
th featuTc ex ept for th distortions ju t 
d a in th mangano id rite and are eYidently 

l ft of th mangano iderit body originally 
pr ent . 

nder high magnification th fine aggregate proY 
to be compo ed of count] ana tomo ing row of clear, 
tran parent granul inclo ing mall rounded bunches 
of cloud 1 (more trongly ab orpti e~) granul . The 
ana tomo ing row are o arranged a to indi ate the 
outline of form r manganosiderite grains. In orne 
thin ection the small clouded bunch haYe be n 
remov d by leaching and per hap in part by the grind-
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ing of the ection, leaving a porou mas of ana tomo~
ing row of smith onite. Th e p~res may also be m 
part due to removal of grains or n:i..mute aggregat . of 
quartz, sericite, and pyrite, but removal o~ these mm
eral certainly can account for only a rmnor part of 
the entire pore pace. A thi finely. por~us t ~ture 
has been noted in specim ns a well as m thm. ectwn 
there is no doubt but that it has resulted mamly from 
leaching. . 

This anastomosino- structure indicates that the zmc 
solutions permeated

0

the manganosid~rite (or d?lomite 
in some place ) along the boundanes of gram a.nd 
replaced the grains from their margins inwar l. The 
replacement was not strictly p eudomorphou , a the 
texture of the ore is markedly finer than that of the 
mano-ano iderite even including the clouded bunche 

0 ' . . . 

of granules inclosed among tbe anastomo mg grams. 
An attempt to prove the as umption that the clouded 
bunches have stronger absorption and are therefore 
probably higher in iron than the anastomosing por~ion 
was un uccessful, owing to the extremely fine gram of 
the ore. 

If manganosiderite corresponding to analysi 1 (p. 236) 
had been completely replaced by gray zinc carbonate 
ore corr ponding to analysis 2, the replacement h~uld 
have been accompanied by about a 15 per cent hrmk
age,s' but evidence of shrinkage is ob cured byfactors 
other than the effects of partial leaching of the ore. 
The recry tallization that accompanied replaceme~t 
may have distribut~d the shrinkag~ so as to render. It 
incon picuous, or it may have readJusted the matenal 
so that hrinkage was expre ed by numerous small 
fractur . The fractures in the ore, whether due to 
shrinkaae or to other cause , are now filled with the 
mithso~ite veinlets, which may repre ent mat rial 

recr tallized pracLically in place or additional material 
introduced after the direct proces of replacement had 
practically ceased. Fmthermore, depo ition of ~he 
smith ouite veinlets appears to have caused expan wn 
in certain places. The conclusion that the theoretical 
amount of shrinkage took place rest on the assumption 
that the zinc was introduced as some salt, pre umably 
sulphate, which could react with ,mangano. iderite 
(or dolomite) and deposit an amount of zinc carbonate 
exactly equivalent to the amount of manganosiderite 
replaced. It is probable that the zinc was largely 
introduced as sulphate, but the veinlets of second-stage 
smithsonite show that a part of it was introduced as 
carbonate and that disposition was not entirely the 
result of simple molecular interchange. The amount 
of shrinkaae can therefore not be determined from the b 

porosity of the ore in its present state, nor can it be 

11 Specific gravity was not determined, as the zioc ore is much more porous tbao 
the mangaooslderite. Porosity was oot determloed, as the pores aod other cavities 
in the ore are obviously due io part to other causes than sbriokage. Published 
specific gravity of the several carbooates represeoted io the analyses varies accord· 
ing to impurities, and 15 per cent shriokage is au approximate average based oo 
t bese varying data. Theoretically the sbrlokage may have amounted to as much 
as 17 or 18 per ceot. 

closely stimated from the texture and structure of 
the. ore. 

CHEMI AL COMPOSITION 

The chemical composition of the gray ore is shown 
by analysis 2 (p. 236), made by R. C. Well , of the 
United tates Geological ur ey, from material col
lected in the narrow top on the fir t intermediate 
lev I above the econd in the Maid of Erin mine, about 
100 feet south of the ew Maid (Maid Combination) 
haft. The ore lay beneath a ulphide body and on

tained small tring rs of sulphides; but the e were 
avoided in the material analyz d, a were portions 
showino- brown or bla k tains. 

The ~ili a and alum ina in thi analy i repro out 
quartz and cri ite, which together a~ou~t to about 
2 per cent. The total a.b ence of. f .rnc oxtde (Fe201) 

is noteworthy when this anal IS IS compared with 
analyse 3 and 4, of brown zinc ores. 1'he forrou 
oxide, magnesi{t, lime, mangan e oxide, and zinc oxide 
are present a carbonates, but the tot11l of their molec
ular ratio i a little in excess of the total carbon 
dioxide . If the xc is placed wholly in the manga
nese o. ide, there remains a.n exces of 0.2 per ent, which 
i decidedly hiah in vie~ of the olor and mi ro copic 
composition of the material analyzed. o trace of 
any mineral containing pho phorus \ a noted, and 
the pho phorus pentoxide (P205~ can ~ot be defi1li~ely 
accounted for . If it were combmed With enough lime 
to form apatite, a corresponding r allotment of carbon 
dioxide (C02) would almost balance the excess of 
mano-anese oxide (MnO) ; bui thi arrangement would 
dem~nd the pr ence of 0.67 per cent apatite, \~hereas 
none was found in thin section. Th wat r dnveu off 
above 110° C. (H 20 +) i also in exc s o ertheamounts 
n<> ssary to ntor into s ri it nnd poss iblo hydr~us 
manganese oxide, and the exce s i interpr~ted a b~1ng 
o intimately inclo ed in the or that It 1 not dnve~ 

off until temperatur above 110° are reached. In thiS 
connection it is interesting to note that all the PzO• 
and more than half the HP + hown in the mangano-
iderite analysis are in similar excess . Their presence 

both before and after replacement implies that they, 
like the quartz and sericite, were not affected b_Y the 
olutions that introduced the zinc. The approxu:utte 

mineral composition of the gray ore, ba ed on rrucro
scopic study and the hemical ann.lysi , is as follows: 

Carbonates: ericite --- -- -------·-- 0. 
ZnC03 - -- ·- -- - --- 76.5 Excess MnO - --------- · 2 

FeC03- --- - ----- -- 14.5 Excess P205 - - -- -- ---- - · 3 

MnCOa--- ----- --- 3. 2 Excess H20+ ·9 

MgCOa -- -- - ------ 1. 0 Excess H20- - -- - ----- · 5 

CaC03 -- -- ---- --- • 5 
Quartz __ . _____ __ - - -. _ 1. 1 99. 5 

If the carbonn.tes are recalculated to 100 per c~n~, 
and the carbonates of the manganosiderite are sJllll· 
larly recalculated from analy is 1, the following com
parative results are obtained: 
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Rtcaltulated composition of manganosiderite and gray zinc ores 

Mangano- 0 ray ore ·Difference 
siderite (per <ent) 

z0C01 -- - ---- ----- - --- - ----- - -- -------- 79. 8 + 100. 0 
FeCO - -- ------- --- ------------ 51.49 15. 14 - 70.6 
MnCOs- -- - -- - - -- -------- -- ---- 38. 15 3. 36 - 91. 2 
~!gpOs- ------- -- ---- --- ------- 10. 12 1. 06 - 9. 5 
CaC03 ----- --- --- -- - - -- - - -'-- -- - 24 . 56 +57. 1 

100.00 100~,== 
-The percentage difference - that is, the gain or lo s 
of the different constituents during the replacement 
proces -are given in the third column, which shows 
that manganese and magne ia were very largely re
moved in nearly equal proportions, whereas iron was 
removed in 1 but stil l very considerable amount. 
The increase in calcium carbonate is attributed to the 
presence of a few micro copic veinlets in the gray zinc 
ore. 

BROWN CARBONATE ORES 

MEGA OOPIC FEA TURR 

The brown carbonate ore vary considerably in 
character. In orne plac they are hard and com
pact without conspicuous vugs or with only very 
small vugs lined with :fine dru es of smithsonite (pl. 
50, B); in others they are ofter and may contain 
rugs of varying size lined or nearly :filled with white 
c.ahtmine (pl. 49, A). Their color ranges from hoco
late-brown to dark brick-red. The only crystals of 
mega copic size are pre ent in vug and veinlet . A 
arule, where the vug are small and relatively carce, 
they are lined with fine dru es of second- tage smith
·onite, which may alternate with :films of hetaerolite 
or iron oxide. In the larger vug imilar linings of 
smithsonite are covered by typical growths of cala
mine or in places by exceptionally large growths of 
hetaerolite or chalcophanite (pl. 49, 0), which in turn 
may be covered by n.lamine. Auri halcite may 
accompany the calamine, a in the Ibex min . ( ee 
pi 52, B. ) 

The compact body of the ore ·i not to be di tin
gui hed at fit t glan e from much of . the iron ore or 
iron- tain d mangano iderite, dolomite or lim ton . 
It may be of uniform brown color or ma.y b pot
ted with stains of black mangane e oxide (hetaero
li te1). In some pia it pre rve rather thin b d
ding plan and br al into layer ; in others it ha 
a mark d conchoidal fracture. It may be hard, or it 
may be soft and crumbly. Although compact bro' n 
zinc ore ev n of rather low grade may be r adily di -
~inguished from iron-stained dolomite or lime tone by 
t!s higher p cific gravity and finer grain, it can not be 
o eli tinguish d from d n c form of iron or . Again, 
?ft porous ore can not in orne plac be sur ly dis
hnguished from either porous iron ore or d compo d 
wall rock, owing to the rclativ ly low pecific gra ity 

• 

of all three material Calamine growth in \ug are 
not an absolutely sure indication of good ore; one of 
two samples containing equal quantities may be excel
lent ore and the other may be of too low grade to 
ship. These growths are due in part to a I achino- of 
the brown carbonate to form the silicate, or to the 
deposition of calamine in cavitie of stained and partly 
decompo ed lime tone. In one sample the oft brown 
material around the calamine pockets was found by 
R. C. Wells to contain only 14.1 per cent of zinc oxide 
(11.3 per cent of zinc), which on clo e inspection proved 
to be largely in the form of minute calamine cry tals 
that had grown within the porous mas . N arly all 
the zinc carbonate had been leached, and almo t the 
entire zinc content of the material was contained in 
the calamine druses. In other specimens the carbon
ate ore was not leached, and the calamine wa intro
duced from elsewhere, and here the value of the ore, 
already of good grade, was increased. 

FIG URE 63.-Diagram showing distribution of calamine along bedding planes and 
cross fractures ln brown zinc carbona to ores 

Of the many specimens of compact ore colle ted, 
one, aid to repr ent ore containing 22 per cent of. 
zinc, proved on micro copic study to be campo ed al
most entirely of iron oxide and silica with no conspicu
ous zinc minerals. Another, which was said to con

·tain 30 per cent of zinc but who e texture gav it a 
clo ere emblance to the alter d mangano iderite that 
borders orne of the ore bodies, was found by George 
tiger to contain 50.6fl per cent of zinc oxide (40.72 

per cent of metallic zinc), 2.3 per cent of insoluble 
matt r (probably quartz and sericite)1 only 0.63 per 
cent of magn ia, and no lime. The pecimen had a 
rather high specific gravity, but that could ea ily have 
been attributed to iron originally in mangano iderite. 

The brown ore may include small bodies , patches, 
or earn of th zinciferous clay colored by a mall 
amount of iron oxide. This clay may be distinguished 
from the brown carbonate by its characteristic proper
ties described on pages 160- 162. 

Where the original bedding is pre erved, thin 
streaks or bun h of calamine are distributed along 
the bedding plan and al o along short cro fractures 
that conn ct bedding plan , a hown in Figure 63 . 
This di tribution of the calamin , which is well exhib
ited at eve.ral plac in the Maid of Erin mine, is of 

• 
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inter t in hawing the courses follow d by the zinc
bearing solution , which evicl nt ly p rcolatecl along 
bedding plan , cro join , and mi ro copic fractur 
and wore thus abl to r act uniformlv throughout a 
body of great horizontal and vertical xtent. The 
pro CE'S was evidently ntir ly meta oma i at first. 
Re ulting hrinkage may have crv cl to widen the 
openings along bedding plane an l fractures and per
hap al o to develop new contraction fractur , thu 
alio\\ ing percolation of additional olution through al
ready r placed rock to lower lev l and affording 
openings for the clepo ition of econd-stagc mith
sonite and calamine. The gradation of lin ar fracture 1 

fillings of calamine into vugs, · pecially at junctions 
of fractures with one another or with bedding plan , 
point to the vuggy ore a the end r ult of the proc
ess ju t clescribed-crisscro fracture~ and bedding 
plan having nlarged into vugs, and the rmth 6nite 
having been more or le compl tely convert cl into 
calamine. 

A f ev;r vug hav evidently re ultecl from replace
ment by smithsonite only along the wall of fractures 
and the ub equent removal of the unrcplaced rock, 
leaving a cellular ore which is usually of very good 
grade. orne material of similar appearance, however, 
has been found to be compo eel chiefly of ilica and 
iron oxide. 

MICRO COPIC FEATURES 

In thin section the brown carbonate ore is seen to 
consi t of a very fine, even-grained aggregate of car
bonate grains tainecl by iron oxide but with many 
microgeocles lined or filled with transparent arbonate 
grains. ( ee pl. 50, A. ) The transparent grains 
under high magnification show characteri tic acute 
rhombic termination . orne of them appear pure, 
some have zonal inclu ions (or alternating growths) 
of black manganese oxide (hetaerolite ~ ) , and others 
have similar in lusions of brown iron oxide. The last 
two occurrences indica e a breaking down of the ferru
ginous ()'ray zinc carbonate of the first stage and its 
recry tallization in the econd tage as purer smith
sonite and iron or manganese oxide . orne of the 
vugs of econd- tage mith onite are urrounded by 
what appears to be pur iron or manganese oxide, a 
relation which also points to a breaking down of the 
impure zinc carbonate of the fu t tage, accompanied 
by egregation of the impuri ties . Throughout the 
rna s of the ore the iron and manganese oxides show 
thi tendency to egregate, the iron oxide having a 
weak tonclen y to form a network of hairlike veinJets 
and the mangane e mineral a mu h tronger tendency 
to gather into spot or to fill distinct fractur . 

The relations of the calamine to the rest of the ore 
may be illustrated by two contra ted examples . In 
one a mall group of diverging calamine crystals :fiJJing 
a vug i surrounded by iron oxide, which is opaque 
except along the edge of the vug, where it forms 

translucent p udomorph uf er acute mithson·t 
rhomb . H er · th zinc in the cu lamin was ev idon;l ~ 
formed larg ly at the .·pen e of ncar-by mithsonit l 
In the o her xamplo a alamin veinlet cuts throug~ 
a black pot of manganc o oxicl , proving that it was 
formed a.ftor the breaking u I f the impure first tn()e 
carbonate ore was w ll ad van eel; but there was no 
uniform a umulation of iron r mangan oxides 
along the in th margi1 of which are lined with 
lear mithsonite rhomb . Inclu i01 . of brown ar. 

bonate or in th vein how n evidence of lea hing. 
The calamin , ther fore mu t have be n whollydepo . 
it d by infiJtratinO' elutions. 

One thin c tion of a pecim n of brown or , taken 
beneath a ulphicle body and very near a ma of gray 
carbonate ore that contain cl an in lu ion of maugan~
siclerite, i of e peeial int re t in hawing the relation 
of the brown to the gray r . Thi cction outnins 
within the typi al fine-brained arbonat a om-ser 
grain d r emnant having a t xture quit like thnt of 
mangano icl rite but hawing a r lati ly weak ab orp
tion, presumably clue to partial or complete oxidation 
of th iron. The am . ction contain quartz- ericite 
veinJet in both the QTay ore and the mangano idcrite 
and it e m clear that the brown ore at thi place is 
the oxidized product of the gray ore. 

The great extent and uniformity of oxidation of the 
brown ore i a triking f atur , a the few mall bodi 
of gray ore u.ppclll' to b the only r mnants of the orig
inal zinc iu·bonatc ore that have e cap d oxidation. 
The ore a a whole mu t have been easily and uni
formly permeable by oxyg n, a character which indi
cat a very finely porou tructure. lt may be 
ugge ted that the poro ity _ ' a develop d during 

replacement of the original rock by gray zinc ore, 
but as already pointed out (p. 231 ) the factor influenc
ing porosity in th pre ent gray or are too varied in 
their effe t,s to permit, ·a cl fini t onclu ion on this 
point,, and the effec of oxidation add one more ob· 
tacle to it determinn,tion in the brown ore. 

ORE:I:IICAL CO:\IPO r'f!ON 

In th light of micro copic evidence chemical anal· 
yse of the brown ores a1·e not difficult t,o interpret. 
In the table on page 236 analy is 3 repre ents the 
ample of high-grade ore from the Maid of Erin mine 

which contains the microscopic qulll'tz- ericite vein· 
lets above mentioned and is clearly an oxidized prod· 
uct of gray ore, and analysis 4 an ore of lower grade 
beneath a sheet of Gray porphyry and between walls 
of dolomite (Blue lime tone), from the fir t level of 
the ew Dome o. 2 mine. ample 3, in comparison 
to the gray zinc carbonate ore, represented by analy· 
sis 2, contains a larger amount of quartz and ericite. 
It also contains considerably more ii·on, and the iron 
is completely oxidized to the ferric state. Magnesia 
and lime are each a little higher , whereas zinc oxide 

• 
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nd carbon dioxide arc corre. ponclingly lower. The 
:b ence of pho phoric acid i noteworthy, ugge ting 
inerooval in solut.ion during the oxidation and brenk
ioJ7 down of the gray carbonate ore. In the material 
fo; analyses 2 and 3 calamine di·uses were avoided. 
:Is the irr gular di tribution of ca lnmine and of iron 
sod mangane e oxide renders trictly repre entativc 

80air es out f the que tion, the determination are 
roAde only to tenth of 1 per cent. 

The calculated mineral compo ition of th ore rcp
r cntod by analy is 3 i a follow : 

c1rbonn tes: 
ZnC03--- --------- ]I. 3 
FcCO~ _ - __ ---- - - - - 0. 0 
MnC0

3
___________ 3. 0 

111gC03 -- -- ------- 1. 3 
CnC03 ------ -- - - - . 7 

Qu ar z _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 9 
ericite _ _ _ _ _ _ _ _ _ _____ _ 2. 5 

Limonite ------ - ------ 15. 7 
Exec MnO___ _______ 1. 1 
Exce s H20 + -- -- ------ . 1 
Exce H20-_________ . 9 

99. 5 

The exce MnO and H 20 + are pre ent a black 
oxide, whi ch i probably hetaerolite, but a the for
roula of that min ral i in doubt (p . 159) no attempt is 
roade here to e timate it mall percentage. Com
pari on with the mineral comp ition of the gray ore 
(p. 236) how that wherea all the iron has been oxi
dized, the mangane e r maio mostly a carbonate. 
The magoc ia and lime carbonates al o hav remained 
unaffected durincr the proce of oxidation. 

A.naly is 4 r pre ents an ore of lower grad and one 
depo ited under omewhat different conditions. The 
ores repre ented by analy e 2 and 3 w re depo it d 
directly beneath sulphides, by replacement of man
gano iderite, but that r epre ented by analysi 4 wa 
depo ited directly beneath Gray porphyry, by replace
ment of dolomite (Blue lime tone) . Th ore is of 
dark-red color and i too oft to permit the grinding 
of a thin section, but it contain d mall vugs of di·usy 
smithsonite and calamine, and so far as could b een, 
the only e sential difference b tween it and ample 3 
J " th pr s nc f a mall am unt f liaht-brown 
zincif rou clay. The ilica and alumina in the anal
. u ar a ount d f r by calamin and zincifcrou 
clay. The ferric oxide is mu h gr ater than in anal
) i 3 and indicat ith r hat th wat r which 
mtroduc d th zinc arri d a Q'l' at ex e of iron or 
that th oro wa depo ited by wo soluti ns-one, 
carrying th zinc and s me iron migratincr alon(J' the 
heddincr plan of th Blu lim t ne, and ano h r, 
carrying iron but li I or no zin working downward 
through th overlying porphyry. ( (' ficr. 66.) The 
impo ibility of learning h , act rr locri nditions 
surrounding thi d po it l a e th matter in doubt. 
The softness of the ore ugge t that there ha b n a 
dowm ard 1 achincr of zinc, but hard or di.r tly below 
the soft contains n mor than 3 per ent of zin , 
and m r l aching of zinc i far fr m nough t a -
cou nt for the exc s of iron. n th r po. ibility is 

'that aft r zin carbonat ore had he n form d ferric 
sulphate solutions, with exc of acid deriv d by 

decompo ition of pyrite, could rcdi olvo the zinc car
bonate and after they had become ncutraliz d the 
f rric ulphate in them could become oxidiz d and be 
d po ited as ferric oxide. The di olvcd zinc carbon
ate ould be transferred downward through the ore 
and replace the dolomite wall thu xtcnding the 
original lower limit of the ore body. This hypoth i 
would also explain the lay01 of iron oxide that are 
commonly found betw en lead carbonate and zinc 
carbonate tope . 

The magnesia in analysi 4 though low, i about 
thr e times a high as in analre 2 and 3, a ra io 
approximately equal to that between th magn ia in 
dolomite and in tho mangano iderite repre ent d by 
analy is 1. The lime, however, i quite as low a in 
analyses 2 and 3, although its cliff r nee in the two 
rock replaced wa decidedly great r than that of 
marrne ia. Manganou oxide is omewhat gr ater than 
in analysi 3, but little ignificance can be attached 
o the difference, owing to the irr gular di tribution 

of mangane e oxide tain . The zinc oxide though 
much lower than in analy es 2 and 3, is in exces over 
the available carbon dioxide. The xcc , a hown in 
the calculated mineral compo ition (below) indicate 
the proportion of calamine and zincif rou clay 
present. The higher perc ntage of combined water 
(H20 +) is insufficient to hydrate all the large amount 
of ferric oxide to the composition of limonite. The 
ab nee of pho phoric acid in ontra t to its pre ence 
in analy i. 2, is again noteworthy. 

'fhe following calculation of the mineral compo ition 
of the ore i le a.ti factory than tho e made from 
the other ana.ly , owing to the indefinite compo ition 
of tbe zinciferous clay and the uncertainty of the exact 
formula for betaerollte: 

Carbonates: 
ZnCOa------------
1gC03 ----------

CaC03_-----------

37. 5 
3. 6 
.5 

Kaolin- -------------- 5. 9 
alam i ne _ _ _ _ _ _ _ _ _ _ _ _ _ 5. 0 

Excess ZoO- ---------- 2. 4 
Exces MnO ----- - ---- 3. 3 
Limonite------------- 15. 3 
Hematite ________ ----_ 24. 2 

H20- --- - ------------ 1. 7 

99. 4 

The eparation of kaolin and calamine i of course, 
arbitrary. li tl calamine i undoubtedly pr eot, 
but how much f th calculated calamine i~ in reality 
pr nt a zincif rou clay i not known. The cxce 
zinc oxide i for the mo t part accounted for by the 
rea onable as umption that all the manrranou oxide 
is pr cot as h taerolite, but there i a mall exce 
(nearly 0.6 per cent) of zinc oxide over the ZoO: Mn20s 
ratio d mand d by either of the propo d formulas for 
h tuerolito and thi exces al o may be regarded a 
b loncring to th zincif rou cla. . The total ab ence 
of maogaoe arbonate can not be proved, but in view 
of th rclatinly low carbon dioxid any error in th 
a umption that all the manganese is oxid ized is neg
ligible. Th ir o oxide i ficrured so far a po ible a 
limonite, for conveni nc in compari on with the other 
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anal , and the xcess of iron oxide over water is 
recorded a hematite. The ratio of~ at r to iron oxide 
is slightly in exce of that for turgi te (2Fez0a.Hz0). 
The red color indicates the pres nee of a con iderabl 
amount of either hematite or turgite. 

BLACK ZINC ORE 

The black or browni h-black zinc or is found only 
in small quantity and varies con iderably in composi
tion. In part it is essentially of the same character 
as the brown vuggy ore, except for its greater content 
of a black manganese oxide, which in some pecimens 
has the crystalline structure of hetaerolite or chalcoph
unite. The . vugs are commonly lined with calamine, 
and some cellular pecimens may be found consi ting 
almo t entirely of calamine and hetaerolite or halcoph
anite accompanied by a small amount of iron oxide. 
This ilicate-oxide variety of black ore i clearlyd rived 
from the ca.rbonate ore. Other sample of black ore 
are composed chiefly of zinciferou clay stained black 
by a manganese oxide. The occurrence of thi variety 
seen by the writer (Loughlin) were all aid to be of 
low grade. pecimen of the black ore, e pecially of 
the ilicate-oxide variety, whether of high or low grade, 
are likely to havo a surprisingly low p cific gravity, 
owing to their vuggy or very porou character. o 
chemical analy e of the black ore wer e made, a they 
would serve only to show to what extent mangane e 
and silica had b en locally concentrated and carbon 
dioxide eliminated. 

WHITE OR " TALCY" ZIN C ORE 

The zinciferous clays, de cribed on pages 160- 162, 
may occur in masses large enough to be considered ore 
bodies . It is questionable whether they could be 
smelted at a profit. . 

ANALYSES 

In the following table are given chemical analy es 
of the principal varieties of zinc ore discussed above: 

Analyses of zinc carbonate ores a 

i 0 2 ------- -----------

~~~~ ================= MgO -----------------CaO _________ ---------
MnO ----------------
ZnO ------------------
PbO __ . __ . __ _ - ... -----

~~2- = = = = = = = = = = = = = = = = = = P20~----- -- - ---------
0•- ----------- -------Cl _______ ______ _____ _ _ 

H20 + _--- ____________ _ 
H20 - ------ ------ __ -- _ 

a20 ---- - - --- ----- -- -
I(%0 -------- ---- - -----
BaO ------ --------- ---
Ti02 ------- ----- -- -- --FeSz __________ __ __ . __ _ 

10. 0 
3. 16 
one. 

26. 80 
4. 04 
.0 

19. 71 
Undet. 
Undet. 
Undet. 

33. 14 
. 47 

Undet. 
Undet. 

. 89 

. 22 

. 57 

. 08 
Trace. 
Trace. 

. 84 

100. 008 
Metallic zinc __________ . ___ ___ _ _ 

• U. S. Oeol. Sur vey Bull . 591, p . 240, 1915. 

2 3 4 

1.5 1 4.1 4.0 
. 3 1. 0 2. 3 

- --- --- - 13.4 36. 9 
9. 0 ,- --- - - - - - -- -----
.5 .6 1.7 
. 3 . 4 . 3 

2. 2 3.0 3. 3 
49.6 46.2 30.2 

34.4 27. 2 15.3 
. 3 - --- ---- ----- - --

1. 0 2. 5 3. 8 
. 5 .9 1.7 

Undet . Undet. Undet. 
Undet . Undet. Undet. 
Undet. ndet. Undet. 
Undet . Undet. Undet. 
Undet . Undet. Undet. 

99. 6 99. 3 99. 6 
39. 9 37. 1 24. 2 

1. Manganosiderite, seventh level, Tucson mine (collected 
J.D. Irving) . J. G. Fairchild, analyst. by 

2. Gray zinc carbonate ore, Maid of Erin mine, first · t 
mediate above second level. R. C. Wells, anal yst. tn ~r. 

3. Brown zinc carbonate ore, Maid of Erin mine, " high li ne ., 
level. R. C. Wells, analyst. 

4. Red zinc carbonate ore, New Dome mine, first level (at N 
2 shaft) . R. C. Wells, analyst . 

1 0
· 

RANGE IN METAL CONTENT 

zr o 

The zinc content of the or vari s greatly from 
place to place. In orne stope bodi es running over 
40 per cent of zinc have been mined, and many others 
e pecially in the Carbonate Hill workings, have yielded 
much ore averaging 30 per cent of zinc. In fact, up 
to the end of 1913 none of the Western Mining Co.'s 
great shipments ran below 2 per cent. These high
grade bodie~, . however, are bordered and separated by 
large quant1t1es of lower--grade or · , a raging about 30 
per cent of zinc, and these in turn may grade into iron 
ore or alter d clolomit , in whi h the pC'rcentago of 
zinc drop to practically nothing. In . orne places the 
transiti on from ore into low-grade material i gradual · 
in other ore i rath r sharply bounded by unaltered 
rock, an altered zone a f w inches or a foot or two in 
thickn separat ing the two. 

In orne pla s it is a rather easy matter to dis
tingui h between ore and.wa te, but in others eli tinc
tion is po ible only after frequ nt and ca.reful sam
pling. Two of the mo t influential factors cau ing this 
diffi culty are the arying d gree of porosity and t.he 
varying though u ually considerabl percentage of 
iron in the ore. Some high-grade ore clo ely resembles 
altered manganosiderite or dolomite in color and tex
ture, but it lightness, due to microscopic voro ity, 
would lead to an underestimate of its zinc content. 
Another ample of imilar appearance and approxi
mately equal specific gravity may prove on analy is to 
contain a large amount of iron, ither as fcrrou carbon
ate or as ferric oxide. orne brown zinc ore of mod
erate to high grade may be practically identical in 
appearance with very low grade zinc ore, or even with 
iron and iron-manganese ores. High-grad e brown 
vuggy ore with calamine druaes may have the same 
appearance as leached brown earthy material with 
similar druses. Considerable experience may give the 
ability to detect inconspicuous though critical differ
ences between ore and waste, but the principal result 
of experience tends rather to make one more cautious 
than ever and to depend on frequent sampling ~nd 
as aying as the only reliable means of distinguishing 
ore from waste. 

This question of the grade of the orcs was experi
mentally investigated by Butler,82 who analyzed and 
determined the specific gravity of nearly 50 specimens 
and found that they all absorbed water slowly, but at 
varying rates, for many hours. In order to procure 

II Butler, 0 . M., Econ. Geology, vol. 8, pp . 14- 15, 1913. 
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eoroparable data, he a llowed particles weighing about 

1 
gram to oak 15 minutes before weighing, his deter-

01jnations thus repr nting the specific gravity of the 
;aruples with th~ir pores nearly filled with, air. The 
following table g1ve the r sults of Butlers cletermi
nst.ion , together with calculated specific gravity of 

1even of the samples ba eel on chemical analyses: 

Data on oxidized zinc ore of various grades from L eadville 

-
P er Ob· C:nlcu- Effervescence 

Ore cent or served loted in dilute 
tine specific specific hydrochlori c 

gr,w lty gravity acid 
-------

1. Light gray,, &ranular, 17. 7 3. 5 3. 8 Very slight. 
with cavttles; con-
siderable pyrite and 
other su lphides visi-
ble. 

2. Reddish brown, 20. 9 2. 7 3. 6 Vigorou . 
earthy. 

3. Reddish brown, 22. 4 2. 7 ---- -- Do. 
earthy, with cavi-
ties. 

4. White, finely granu- 23. 7 2. 9 3. 6 Considerable. 
Jar compact to 
earthy. 

5. Brown, cryptocrys- 30. 4 3. 8 ------ Do. 
ta!line ; many ca. vi-
t ies lined with 
druses of smithson-
ite crystals, some of 
them. underlain 
with psi!omelane. 

6. Light g r ay, very 31. 4 3. 9 ---- - - None. 
finely granular, cav-
ernous, a. few druses 
of sca.lenohedral 
calcite. 

i. Dark brownish red, 31. 5 3. 9 ------ Considerable. 
c ryptocrystalline; , 

many cavities with 
druses of smithson-
i te crystals; some 
p ilomelane and 
calamine. 

. White, with a brown- 32.4 3. 9 -- ---- None. 
ish tint, very finely 
granular, with a 
spongy appearance; 
microscopic drusy 
cavi t ies. 

9. a me as o. 7 but 32. 7 3. 9 4. 0 Consid rable. 
cont ains no cala -
mine or silomelane. 

10. arne a o. 5- - - ---- 3 . 4 4. 0 4. 1 Very slight. 
II. Y e 11 o w i s h brown, 41. 6 3. 9 4. 1 Considerable. 

m ic r os copically 
spon g y to v e ry 
finely granular and 
compact. 

Do. 12. Br o w n and w h i t e, 45. 4 3. 7 -- -- --
cryptocrystalline to 
earthy, with a cav-
ernous appearance; 
cav ities wholly or 
par tly fill e d with 
calamine. 

13. amoas o. 12except 45. 4 3. 9 ---- -- Do. 
that some hydro-
zincite is recog-
nizable. 

14. Y e II o wish brown, 46. 0 3. 9 ----- - ery sliRht. 
very caver!1ous, 
wi th thin, plane 
walls. 

15. L i g h t y e 11 o w i s h 46. 4 4. 0 4. 2 Con idera ble. 
llt·own, finely granu-
Jar, cavernous. 

-

Butler's analy es of seven of the e ampl are g1 v n 
in the following table : 

A n alyses of oxidized zinc ores f rom L eadville 

_r_l __ z_ 4 9 10 11 

Zinc ___ __ __ 17. 7 20. 9 23. 7 32. 7 3 .4 41. 6 46. 4 
Lime ______ . 3 . 6 . 3 .4 .3 .9 
Magne ia __ 1. 1 . 7 2. 2 2. 0 . 4 . 5 ilica _____ _ 4. 0 22. 4 33. 6 3. 3 3. < .7 . 9 
Iron · --- - - _ 17. 0 14. 7 5. 4 12. 2 5. 1 3. 5 2. 2 
Sulphur __ __ .6 ---- -- -- ---- ------ - - -- -- -- ---- ------Alumina __ __ .4 2. 2 2. .4 . 2 . 2 .2 
Manganese_ 11. 2 2. 1 2. 0 6. 0 2. 
In oluble __ _ 4. 4 24.. 8 34. 6 3. 4. 2 9. 0 2. 2 

Sample 1 i evidently a partly replac d mangano
siderite and has a specific gravity nearly as high a 
those of the high-grade amples . Th other low-grade 
specimens show a much gr ater discrepan y betwe n 
observed and calculated pecific gra viti than the 
high-grade ore and evidently posse s a much higher 
degree of poro ity. The r lation betw en pecific !rrav
ity and zinc percentage in the high-grade amples, how
ever, bows that specific gravity i not a clo ely accu
rate indication of the grade of ore. 

The degree of effervescence of fragment in dilute 
hydrochloric acid ( 3 parts water to 1 of acid ), as de
termined by Butler, is given in the first table on thi 
page and, as he states, is not of much avail as an indi
cation of the grade of ore. imilar tests by Loughlin 
confirm those of Butler. Gray zinc carbonate ore , 
which contain considerable amounts of iron carbonate, 
and also the manO"ano iderite yield lit~le or no effer
vescence, as shown by samples 1, 6, and Even 
when partly tained by oxidation, they effervesce v ry 
lightly. In the more thoroughly oxidized sample , 

\\'here fine dru y or second-stage smith onite is abun
dant, fferv cence is more pronounced. 

Blowpipe te t by Butler on all grades of the ma
terial yi ldecl imilar r ult , regard! of th per ent
aO'e of zinc, low-!rracle as well as high-grade ores giving 
the ha.racteri tic sublimate of zinc oxide. 

In concluding his discus ion of the grades of the or , 
Butler 33 outlined the following method for quick deter
mination of the grad : 

Probably the implest method for quickly ascertaining the 
approximate grade of oxidized zinc ore is to place about a tea
~poonful of the finely powdered material to be tested upon a. 
piece of iron or tee! barrel hoop, 1.}1! to 2 inches in width. This 
charge should be introdu ced into the incande cent coals of a. 
black mit h forge which ha been blown until little black smoke 
is evident. The iron should be sunk into a depression in the 
glowing coals so that they stand a. half inch or so above the 
sample on all sides. Then the draft should be increa ed until 
the iron is heated white hot. Oxidized zinc ore will take fire 
a t this point, burning with a bluish flame and emitting white 
fume of zinc oxide. The density of these fum es varies with 
t he grade of the ore. Experience enables one to judge within 
5 per cent of the zinc content by this method, which, although 

u Op. cit ., p. 17 
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long known and practi ed in some pl ace , i unfamiliar to tho bl nde and a it_ upper part i oxidized a corrc pond. 
in other locali ties. The chem can be applied to ore of any ing quantity of xidiz d zin or could be xpected 
grade, a material a aying 5 per cent zinc will yield vi ible some\ her alono- th \ein b low th 1 l of oxida-
fum . tion. on ho' er ha. been foun 11 and tho only 

OTUER ::lfETAl. 

It the percentage of zin oxide and arbon dioxide 
ar uhtra d from anal - e 2 3, and 4 on ptw 236, 
and tho remainder recalculat cl to 100 per cent, the 
iron oxide "-ill rancre from 50 to O\er 6.') p r ent. 0 . 
Th re iclue ther for 1 after extraction of the zmc 
b ecom po ible iron or manaaniferous iron ore . . The 
con cnt f ilver in each of tho ore analyz d 1 le 
than 0.001 per nt. 1 ounc per ton of 2 000 
pound equals 0.00 -:1- per cent, th re idue !rom ores 
corre ponding to th analyses do not contam enough 
ilver to pay for it extraction. Althouah the ample 1 

analyzed are believ d to repre ent typical oxidized zinc 
ore of the eli tri t, ther e rna b exceptions, for it ha 
b en ated that early hippe1 n of rich il\cr ore appear 
to hav purpo ely broken the zin ore in om placOS. 31 

DISTRIBUTION AND MODE OF OCCURRENCE 

GEOGRAPHIC DI TRIBUTION 

Oxidized zinc ore ha\e been found in pra tically 
all the hills of the eli trict a far cas t a th R e urrec
tion mine near the head of Evans Gulch and a far 
outh a the Continental Chiei Tnine, at Weston Pa , 

9 mile outh of L adville. Thus far however, al
thm.wh exten ive low-grade bodie have been reported 
from"'. everal place , all the high-grade depo its in the 
other hill have proved very small in compari on with 
the immen e bodi in Carbonate Hill. 

DI TRIBUTION WITH RE PE T TO ~D OF COUNTRY 
ROCK 

The oxidized zinc ore bodi e thus far found are 
limited to the horizon of the two limeston . The 
. mall bunches of red siliceou zinc material found in 
fissur cutting a porph~yTy sill in the Belcrian mine are 
the only depo it noted that were not within or along 
a contact of one of the limestone . P orphyry and 
quartzite in differ nt places form rather harply de
fined roof or floo to ore bodi of con iderable ize. 1 

RELATIO • TO LEAD ARBONATE A D MIXED ULPHIDE 
ORE BODIE • 

Th ore bodies thu far work d are all clo ely a o
ciated with blank t bodies of l ad carbonate ore. For 
th mo t part the zinc bodie underlie the lead bodi , 
but in orne plac th y have replaced tho ame trata, 
either down the dip or evP.n along the strike. Tho e 
in the Ibex No. 1 (Little Jonny), although they are in 
th vi inity of vein and magnetite-pyrite bodie 1 are 
immediately associated with old blanket stope . The 
Luoma vein contain a con iderabl quantity of zinc 

---------
"Eng. and M in. Jour., F eb. 14 , 1914, p. 396. 

apparent xplan~ttion ~ that th trona ko,olin ("talc") 
selvage alona th m ha pr v nt d any con idcr
able quantity of zin olution from p nctratin()' into 
the lim ton wall . It i a! ·o po ibl that tho great 
amount of kaolin ha a b orbed th - 111 au r amount of 
zinc from the solution , giving rise to zin iferous clay; 
but this point hns n t b on te ted. 

One fcatme that i of o-r at annoyan c to miners 
and pro pector and i diffi ult to xplain atHnctor
ily i the lack of uniform[ y in the relations between 
tho oxidiz d zinc bodie o.nd the a sociat d blanket 
lead bodi . At th north end of Ca.rbonat Hill large 
bodi of both have be n min d1 but in Fry rand Iron 
hill , wher larue blanket lepo it. of I ad or have 
been min d only mall bodie of zinc or have thu 
far been found nmona a gr at amount of iron-stained 
' 'contact matter, " and om of th c bodi have not 
b en of ery high grade. In om pla e , although 
blanket lead top ar of onsiderabl iz n ociated 
zinc ore hn b n found only in small bunches from n. 
f ' inche to 3 or 4 I et in diam tor. 

The cau of thi variation ar probably ovcrnl 
and can b be t disau d in conne tion with the gcn-

i oftheor. ( eepp. 264- 267.) Itmaybe tated 
here, however, that the ize of a zinc body d pond on 
the a.mount of zinc in th original ore body, the kind 
and eli tribution of openings through which th waters 
transfeiTing the zinc had to pa , the compo ition and 
t xture of tho rock through ' hich th water pa ed, 
and the material that accompanied tho zinc in elu
tion. Consideration of the e factor 1 in places where 
the zinc ores have been Tnined or searched for , may 
yield a sati factory explanation; but without a knowl
edg of them it i impo ible to make ad finite predic
tion a to th . iz and p ition of oxidized zinc bodies 
that may be a ociated with old blanket bodi of lead 
carbonate. 

As none of the old blanket tope were ace iblc to 
the writer (Loughlin), predictions regardino- the loca
tion and extent of undi covered bodie are not war
ranted here. It may be aid that the amount of 
"vein mf\,tter" hown in the cro sections by Em
mons ss sugge t the probable presence of good oxidized 
zinc bodies in the northern part of Carbonate Hill other 
than the bodies already worked and of o-ood-sizcd 
bodies on other hills; but experi ence in Fry rand Iron 
hills proves that the thickness and extent of "vein 
mR,tter" shown in Emmon 's sections are far from 
being good indicator of th amount of zinc oro 
pre ent. 

aou. s. Oeol. Survey Moo. 12, atlas, 1 6. 
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In two place bodi e of oxidiz d zinc ore of r ather 
jolf grade are not c]o ely a sociated with old lead- il er 
,
10
pes· In the Cord !lining Co. 's "orking (P age 

j
18 

e, 1913) a mall. bo.dy of red zinc carbonate ore 
h been mined, whiCh Is 150 to 200 feet away (down 
he dip) from the nearest known l ad-silver stope of 
'nr consid era bl ize. Tb e ground in the immediate 
~~ini ty , up the dip, has not been pro p cted, and it 
ran not be tated whether the zinc wa carried in 

BELGIAN 
South line 

North line 
LOUISVILLE 

PLAN 

A 

N 
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E X PLANATION 

very low grad rod iliceou zinc material pas through 
the porphyr , and om of them cer tainly connect zinc 
bodie wi th 1 ad- ilver bodie , although the large t of 
the zinc ore oxpo ure~ app ar ;;; to have the mo t r emote 
connection. There em howo\ er , nor a on to do bt 
that the zinc-bearing olution wero able to travel for 
considerable di tan e through unfavorable porphyry 
to a more favorable rock before depo it inO' any con
siderable quantity of zinc. 

c 

SECTION ALONG LINE B-B' 

OX IO I'Z..E.O O R E 

1•' 1 I ~~;!·I ~ 
Z inc Lead Siliceou!> iron 

10 0 0 100 2.00 FEET 

Scale fo rA , B , and C 

2 3 4fEET 

Level A - Old stope level (exact elevation not known) 

Level 8 ='--:-....:.~·.?.:.= 170 feet above Yak tunnel level 

Level C ===== =:o.: 160feetaboveYaktunnellevel 

Level D ====== 131 fee t above Yak tunnellevel 

====.= Yak tunnel level ( elevation 1q354 feet) 
eo• 

__j:.:-- Fissure 

E N L A RGED VIC: W .-.T BOTTOM OF 
tN CL INEO RAISE I N 8, !,HOW ING 
RELATION Of"' 0)(.101l.E.O Z INC ORE 
TO OTHER MATERIALS 

flGUu64.- P lan and ctloos or I ad-silver stop in Delginn min . Oxidized zi nc oro occu rs chiefly along tho t hree fi u.res nearest to thrse stope . Section A A' shows 
Illation or zinc oro to lend-silver stopes. Section B-B' shows silic ou Iron oxide imm dintcly below lcad-sil>er stope nod small d posit or low-grade zinc materi al in 
lbuogle between converglug bodies or Orny porphyry. F l sur In the lower body of porphyry contain small bunches or siliceous zinc material. 'file ketch (D) 
!liowsrelalioosofsllicoous zinc ore, cloy, and chalcedony In fi ssura just below porphyry contact, 170 feet ea t· outbeast or Belgian bact 

solution for an uou ually long di tao e b for 
depo ited, or ' h th r ther e rna b an undi 
lead- ilvcr body ncar r th zinc arbooato b d 

In th B elgian min (Fenton l a 1913) 
hodies of low-grade iliceous oxidized zinc or \ f'l'e 
rormed by the replacement of lime ton at the ba e of 
a. complex ray porphyry she t , which eparat d the 
~Inc ore below from silv r-lead bodie above, a shown 
lD Figure 64. Fi sur containing small amount of 

UAPE AND IZE OF ORE BODIE 

GENERAL FEATURES 

The or bodi , a hown in veral plan and ec
tions (figs. 64- 67 and pl . 64 ancl65 ), are for the mos t 
part ry irr gular. N ev rthel they how in e -
eral place tructural feature that go far toward indi
cating th ir ongm. The imple t examples are repre-
ented in the ketche in Figure 65 , iliu trating the 
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mode of occurrence in the Oro La Plata mine. Fig
ure 65, , repr ent zinc carbonate ore of hipping 
grade forming borders or casings to a body of lead ore 
that had r placed the wall rock along a fis ure. The 
zinc• on oxidation of the primary ( ulphide) ore evi
dently moved downward, at the same time permeating 
the limestone for 2 feet or more. Figure 65 , B, 
illustrates a place where the zinc olutions, descend
ing from a blanket sulphide body, found the easiest 
cour e along a fracture plane, replacing the fracture 
walls and infiltrating to some extent along the more 
open bedding plane . Occurrences in the Maid of 
Erin mine similar to these have been described by 
Philip Argall.36 Figure 65, A, illustrate what is prob-

'·' -
""- Zine. ore 
c 

FIGURE 65.-Diagrams il lu>trating relations of oxidized zinc ore bodies to lead car, 
bonate stopes in the Oro La Plata mine: A, Replacing beds beneath a blanket. 
stope; B, replacing rock along fissure and beds beneath a blanket stope; C, 
replacing walls of a fissure stope 

ably the most common mode of deposition, in which 
the zinc solutions worked down into the beds ju t 
beneath a blanket ore body and th n tended to migrate 
downward along the dip. In one of the ore bodies in 
the Ibex mine the zinc solutions migrated outward 
and replaced the same strata as the original ore body, 
the silver-lead and the zinc stope lying side by side. 

Other ore bodies represent some combination of the 
conditions jus t described. The New Dome deposit , 
represented by Figure 66, illustrates the ·downward 
migration of the zinc solutions along bedding planes 
just beneath a Gray porphyry sill as far as a fissured 
zone, which then afforded the readiest channel. The 
shattering of the rock along the fissure zone permiLted 
the replacement to ('Xtend over a rather great width 
in proportion to length and depth. 

"Argall, Phil ip, The zinc carbonate ores of Leadville: Min. Mag., vol. 10, p. 
284, 1914. 

The plan and section of the Tucson first level (fi 
6! ) al o illu ~rate the developme?t of the oxicliz~ 
zmc ore bodies alona fi sur , w1th local spread· 
along b~dd~ng ~lanes and minor fracture . The c~~: 
tered di tr1but10n of the e small bodic beneath 
large continuous _old_silver-1 ad stope i in marked con~ 
tra t to the contmu1ty of the ext nsive bodies in th 
northern part of Carbonate Hill. e 

CARBONATE HILL ORE BODIES 

The enormous size and the form of the Carbonate 
Hill bodies can be explained to som extent, but the 
surrounding ground is so thoroughly altered and soft 
and in large part so inacc ssible that a complete ex
planation of all the details is out of the question. The 
plan of the e ore bodies is shown in Plate 64 and erOS' 
sections in Plate 65. The outlines of topes in the plan 
do not everywhere coincide with th boundaries of the 
ore body. Some narrow openings, which might be in
terpreted as following branches of ore along fis urCl! 
are merely beginnings of stopes or exploration drif ts t~ 
block out ore. orne boundaries of stopes represent 
the limits of high-grade ore without giving any idea 
of the large amount of adjacent low-grade ore, which 
averages near 20 per cent of zinc. The vertical sec
tions throw more light on the dimensions of the ore 
bodies, but it must be remembered that the outlines 
of the e ections are for the most part approximations, 
as the boundaries of the ore bodies in most place 
either had not been reached or were no longer acces i
ble. The sections are somewhat generalized to in
clude important feature near but not exactly on the 
lines of the section . 

In ection A- A' and F- F', Plate 65 , the maximum 
thicknes , about 130 feet, of the ore body beneath the 
Parting quartzite i shown, the ore extending in places 
down to the Cambrian quartzite. Evidence pointing 
to the cause of this unu ual thickness is very canty. 
Data on the size and distribution of a ociated old 
collapsed lead stope , which have been reopened at a 
number of points, are carce and indefini te. Such 
exposures beneath the Parting quartzite represenL 
comparatively thin blanket bodie . A large stope has 
been exposed in a raise through the quartzite, but 
little i known of its extent and thickness . Compar
i on with the stopes shown in Plate 19 will how that 
these old stopes lie close to the arM of extreme metal
lization, but although this fact indicates that there 
was an abundance of oxidized lead-silver ore in the 
immediate vicinity, there is no means of knowing 
whether the bulk of the zinc migrated vertically down
ward through the Parting quartzite or down along the 
dip beneath the Parting quartzite. Both proces es 
no doubt took place, but it can not be said which 
predominated. 

Although the immediate sources of the zinc ore are 
thus very obscure, there is evidence that the great 
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thickness of some of the ore boclies ma.y be due to the 
presence of fault and the open tructure of the rocks. 
The southeastward dip of the strata is interrupted by a 
fault of west-~orthwe terly trend ( ection F- F'), with 
relative down-slip on it south ide. This fault was 

side; but the Par ting quartzite do not appear to 
have been di placed to the east, along the "high line" 
drift connecting with the Deener rai e, and it is 
therefore concluded that the fault stops against one 
of north-northeasteriy trend, as sugg ted in Plate 64. 
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F10uu 66.- Pian and section showing relation or oxidized zinc ore body on tho Dome claim to old lead carbonate stope. Sect io3 A- A', an east-west se~tion through 
tho Dom , o. 2 shart, show concentraLion or ore In shattered ground along fis uros; section B- B' shows northward pitch or ore body 

exposed at only on place, on the fir t Wolfton level, 
and it length and xact cour e are not known. The 
amount of di placem nt wh re the fault i xpo ed 
mu t be at le t 25 or 30 f t, according to the po i
tions of expo tU' of the Parting quartzite on either 

99271-27t--17 

A trong clav-fi lled fi m e, corr ponding in po ition 
to the uggested north-n01·thea terly fault wa ex
po ed on the hiah line' 90 feet ea t of the McKean 
rai e. The ground on both ide of it consi ted of ore 
or thoroughly alt r d carbonate rock, and no idea of the 
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amount of displacement could be gained. It i 1g- inclusion pro e~ to be surr.·i~n~;y porous for a crys. 
nificant, however, that ore of hipping grade wa not talline rock, a c aracter _w lC ' 1 common to the rock 
being mined on the ea t ide of this fis ure. a~ a whol ' would periDit very ompl to permeati 

This fissure with its heavy clay filling evidently when once the zinc olution had gained ace 8 alo: 
ser d as an effe ti e harrier, at lea t locally, against the_ numerou b dding and fr:actur planes. The po
the spreading of the zinc olution. The Parting ros1ty alone,_howe or, w~s Id ntly not sufficient to 
quartzite, as may be inferred from ections -A' and allow exten 1ve P rmeat10n. 
F-F' , Plate 65, could also hav ser ed in place along The great thickn ~of ~he or body therefore appear 
both faults as a barrier against circulation along the w be due to a combmat10n of three conditions-the 
bedding. The di tribution of the quartzite on both distribution and lo al impounding influence of two 
sides of the fault would tend to impound the solutions faults, the distribution of th Parting quartzite, and 
and to deflect th m downward to orne point where the open structure of th carbonate rock in the block 
they could escape from the fault block. bounded by th fault · That tho fault were not effec-

In the planes of both sections, however, blocks of tive barrier at all point is shown in sections F-F' 
unrepla ed carbonate rock are exposed on the up- lip and B- B', Plate 65, which represent the ore body 
sides of the fault, and it is not very evident what pro- extending aero s the lin s of faulting. o far · as 
tected these masses from replacement. U everal underground study i oncemed the principal factor. in 

N 

I 
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FIGL"RX 67.-Pian and section showing relations or oxidized zinc ore stopes (shaded) to old lead carbonate stapes, Tucson mine 

places in the stopes of this thick ore body the generally 
open structure of the replaced carbonate rock is well 
preserved, as illustrated in Figure 63. The bedding 
planes are mostly open and connected by short eros 
fractures, thus allowing the impounded solutions to 
permeate the rock throughout a vertical range bounded 
only by the top and bottom of the White limestone. 
The inclusions and bordering masses of carbonate rock 
found here and there, including those represented in 
sections A-A' and F-F', Plate 65, owe their preserva
tion, to judge from their small exposures, to the local 
absence of this characteristic open structure. Most· 
of these inclusions and masses are now stained by oxi
dation, and no tests of their composition were made, 
but the inclusion represented in section A-A' proved 
to be typical manganosiderite. A specimen of this 

determining the shape of the ore body as far outh as 
the line of section C-C' was the open tructme of the 
rock. From this line southward the ore body gradually 
assumes a narrow elongate outline (se tions D-D' and 
E .:_E') and at its southern extremity i limited to a 
width of 5 feet or I s, replacing the dolomite wall of 
a fissure. The relation of the preserv d bedding planes 
on each side of this fissure indicates faulting but gives 
no idea of the amount of displacement. The occurrence 
in the fissure of a small amount of dense white quartz 
inclosing microscopic grains of a decomposed ferru
ginous carbonate and perhaps also of pyrite indicates 
a presulphide age for this fis ure. The zinc ore along 
this fissure, as along those in other mines already 
described, tends to spread for short distances along the 
bedding and in one place wa found to inclose a small 
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~ded layer of sulphide ore, consisting chi fly of 
!$1 8 with caviti partly filled with calamine to mark 
ili enrobable former presence of zinc blend e. 
~henan·ow stope extending northeastward from the 
,1 ide of the lower ore body between the lines of 

=!ions B-B' and - ', Plate 65, has ~o apparent 
· nection with a pronounced :fi sure and 1s not neces
:\\ . a clo e indication of the limit of the ore. It 
~~;,es pecial m ntion , however, be ause it has 
ridded gray zinc carbona~e o~e, clc~rl formed by the 
·placement of mangano 1dente, d1r ctly underneath 
rei!l of ulphides. The existen e of this ore i evi
;1nt ly due to the migration of zinc_ solutions chiefly 
.Jonu bedding planes east of the hoe of the :fi sure 
l·crlbed on page 242. The geology was too much 
:. ured by timbering here to wanant a more definite 
,·atement. 
·· The upper ore body of Carbonate Hill above the 
Pming quartzite, extend obliqu ly down the dip 
:rom a point near the old Henriett or "Old Maid" 
~aft to the outhwest boundary of the Big Chief 
claim, a di tance of about 1,050 feet. Its boundari s, 
:~rel'er are sharply defined at only a few point , and 
~e factor influencing it outline can only be inferred 
~ her than determined. The branch stope that ex
.. d a little west of outh just cro sing the Big hief 
:!rtheastern boundary, underlie old silver-lead top 
"t have been expo ed at different points. It has at 
_e place on .it we t side a nearly vertical dolomite 
nil opposite a wall of low-grade (10 per cent) ore. 
)o trong fissures were expo ed in the ground acce -
;~le to the writer but the trend of the high r-~rrade 
m d the po ition of i wall trongly indicate re

·jcement along a fractured zone. t one place ju t 
,iuth of the Big hief line the or narrow·ed down
nrd to a fi u.re filling only a f w inche wide. 
Xortheast of thi branch tope about 50 feet outh 
he line of ection ' , Pia e 65 the zinc ore, 

.th an inclu ion of 1nangan id rit , wa n dir ctly 
erlyino- am of pyriti ulphid r . Ther w 
indication of di tin fi uring in the uround acce -
le. Th in lu ion f mangan id rit how ver, 

rould, from analog with th vid n btaioed in 
"e thick portion of th low r or b ely, warrant th 
erencc that th rock r plac d by th or wn ren

.tted unu ually p rm abl by battering. 
About 100 feet outh of thi point in th 

JaU top , th ore body attain d a thi kn aid to 
· 50 feet , and still farth r ou h , a short di tan e be
!undthelineof ectionE-E', itwasasthickorthick r. 
eoro wa work d out in th form r plac. , but in the 

.~ it was een to pre crv th op n tructure of the 
gmal rock. Thi thick body und ria old ilve.r-1 ad 

stopes, but nothing is known of their dimensions. The 
body diminished rapidly in thickne s eastward and on 
the east side of the main third level drift, along the 
line of sectiOn E-E' , had dwindled to a bedded replace
ment depo it only 2 or 3 feet thick. 

The mo t rea onable inference to account for the 
hape of the upper ore body, based on the scanty evi

dence presented, is that the rock had become more or 
less shattered along certain zones characterized by 
anastomosing fractures rather than pronounced fis
sure . The zinc olutions, descending from the oxidiz
ing blanket bodies (now the old silver-lead stopes ), 
found the easiest cou.rses along these zone , with the 
result that bodies of relatively great thickne s in pro
portion to their width were formed by replacement of 
the carbonate rock. The width of the ore body was 
limited by the extent of the openings in the rock; the 
depth, as shown in sections D-D' and E-E', was 
limited by the Parting quartzite, which in places has 

' been exposed as the approximate floor of the stopes 
Whether or not these zinc solutions found their way 
in any considerable amount downward along fractures 
throuuh the Parting quartzite has not been demon
strated by mining. It seems doubtful, however, in 
view of the size of the ore body and its depth with 
respect to oxidation, if any considerable amount of 
zinc carbonate or silicate ore can be expected beneath 
it, on the underside of the Parting quartzite. 

Comparison of the position of the Carbonate Hill 
bodi and the slopes on the urface fail to show a 
concordant relation. The depths of oxidation as re
corded in Emmons's notes are likewise independent of 
the topography, and it is evident that the depth and 
circulation of ground water has been governed rather 
by the rock tructure-that is, the trends of the open 
portions of :fis ures, minor fractures , and bedding 
plane . 

CHARACTER OF BO NDARIE OF THE ORE BODIES 

Th TUied character of the boundaries of the ore 
bodi in many places has already been mentioned and 
requir little additional description. It se ms desir
abl , however, to ummarize the variations and to cor
relate them with c rtain chemical data. The simplest 
ca includes the rather harply defined walls along 
n arly vertical fi ur bodies. The west wall of the 
:fi u.r tope nea.r the south end of the lower Carbon
ate Hill body i sharply bound0d by soft, andy dolo
mite a pecimen of which was found by R. C. Wells to 
contain 1.2 per cent of zinc oxide, or 1.59 per cent of 
zin carbonat . At the northwest end of the small 
:fis ur tope in the ew Dome mine (fig. 66) similar 
but more rusted soft material bordering the stope was 
found by George teiger to contain 19.22 per cent of 
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in oluble matt r, 0.36 p r cent of mugu ia 0.53 p r 
cent of lime, and 6.33 per cent of zinc oxide. The 
zinc h re howed a tronger but till not great tend
ency to permeate the wall rock, which el ewh rein 
the min is Blue limestone (dolomite). Th in oluble 
mat rial appears to be chiefly ilica intimately a o
ciated with brown iron oxide and po ibly combin d 
with the zinc as zinciferous clay. Thi rnaterial, only 
a few inches thick, passed into un tained dolomite. 
Similar siliceou material was found along the main 
body of the New Dome mine on the frrst level. The 
occurrences in the Maid of Erin mine, d ribed with 
assays by Argall ,S7 are of similar character, though the 
transition from ore to country rock i more gradual. 

The floors of orne of the bedded zinc carbonate 
bodi are rather clearly defined, though not n arly 
so . harply defined as the fi ure walls ju t described. 
Two specimens taken from the floor of a small bed 
stope in the Ibex mine, one at the very bottom of 
the tope and the other 5 inche below it, ' er found 
by R. C. Well to contain r espectively 27.4 and 14.9 
per ent of zinc oxide, or 22 and 12 per cent of metal
lic zinc. These figur indicat e a gradual c.hange from 
ore into country rock wi thin a zone between 1 and 2 
:feet thick. The bottom of the upper or body of 
Carbonate Hill is in plac abruptly bounded by the 
Parting quartzite, the top layers of which have been 
deeply stained by iron and manganes oxide , whi h 
may be accompanied by a little zinciferou clay. The 
lower ore body i aid to be imilarly floored by the 
·Cambrian quartzite at a few places. At one place in 
the lower ore body, about 230 feet w t-northwest 
of the Deener rai ~ (pl. 64), the high-grade ore pass 
<lownward into a decompo ed low-grade material con
sisting chiefly of silica with minor amoun of iron 
oxide and clay, which appears to be the r idue of a 
siliceou rock or silicified carbonate rock. In other 
places the or passes downward into unalt red car
bonate rock. Such variations evidently depend n 
the compo ition of the rock replaced and on the 
amount of leaching that has been po sible since the 
depo ition of the zinc ore. 

The sid of the bedded bodies may be rather abrupt
ly bounded, but much more commonly they are marked 
by a gradual decrea e in zinc content o that the high
grade ores merge into large bodies of ore averaging 
near 20 per cent in zinc. How exten8ive such low
grade bodi are has not been definitely stated, but 
they are said to constitute large . reserves in everal 
different places. 

11 Argall, Philip, The zinc carbonate ores of Leadville: Min. Mag. (Lnndoo), vol. 
10, p . 2 4, 1914. 

The main factor determining th haraeter f 
1 

d . 'd 1 l o tJe boun ary 1 Vl nt roc tru tur . Wher p 
bl k · b 1 1· · d erllle-a ·roc ? 1 a ru~t y. 1m1t .' a by clear-cut fis ur 

or by contact w1th 1mpervwu quartzite hal ' e, or 
porphJ?·y, th or ~l o ends ahruptl ; ' her tho rock 
bordermg the mam or chann 1 i of more 
tructme there is likely to be a gradation from ho.peln 

tg t
grade ore through a larg extent of l9w-grade ore into 
barren rock. In the latter ca.se the I gr to whi 1 
zinc i concentra~ d in the solution. may bo an imp:r~ 
taut factor , solutiOn abo a c rtam strength rcn.dil · 
replacing th ro k. wh rea . ~lutio below th~~ 
strength but otherw1 under 1mllar conditions could 
react only slowly and to a mall extent. o experi
mental data are at pr ' nt a vailabl to throw light on 
thi matter. 

The zinc ore b di ar for th mo t pm't epnrn.teu 
from overlyino- load- ilver: bodi by layers eonsi ting 
of ilic ou iron o ' ide and lay in varying proportions 
and ranging in thickne from a f w inch to 6 fpet 
or more. uch lay 1 are haracteri tic of oxidized 
zinc depo it in veral minino- di tri t and are ubjcct 
to more than one int rprctati n. They may r pre ent 
the fu t ub tan e dep it d by tho olutim that 
trans£ IT d material downward from the o>.:idizin" 
ulphid bodi · th y may r pr nt the oxidized 

r idue of a largely insolubl material which formed a 
ca ing to th original ulphid b di · th y may be 
th in olu ble r idue 1 ft by tho leaching of th top
roo t part of the zinc carbonat body· or they may 
consist principally of mat rial leached from the original 
ore bodi at a relatively lat tag and depo itcd at 
the arne time that the topmo t part of the zinc 
carbonate w being lea h d. Partial evidence in 
different plac ugg on or another of these 
proces es, and it i po ible that a ombination of 
processes op rated. It is also po ible that one proc 
may ha e b en of relati ely great influence in one 
lo ality and of r elati ly light influenc in another, 
owing to diff rene in chemi al conditions. The 
chemical conditions are consicl r ed in the eli cu "ion 
of ore gen is (pp. 264-267) . 

Where the oxidized zinc bodi immediately underlie 
porphyry or shale, their upper contacts are marked 
by a layer of zinciferou clay that may be 2 or 3 feet 
in thickness. The presence of the clay i evidently 
due to the alumina and sili a leached from or residual 
after the porphyry or hale. In some places it eems 
that the alumina mu t ha e been precipitated with 
the zinc; in others it seems probable that the clay, 
already present, has ad orbed zinc from olutions 
which have come into conta t with it. 
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U a few places bodies of oxidized zinc ore have 
~u found in contact with bodies of iron o~ mang~
~erous ~on ore. These contacts are considered m 
, efollowmg paragraph. 

jEL!TIONS TO OXIDIZED IRO 

IRON ORE 

A D MANGANIFEROUS 

The oxidized zinc ores have been found beside and 
~neat.h oxidized iron and manganiferous iron ores 
~d have al o been reported to occur above them. 
!he evidence obtained by the Wl'iter, while affording 
,me explanation of these variation in distribution 
~d occurrence, does not point to any y tematic asso
jtion. The lack of sy tematic association is not 
:'Jf!lri ing when it is realized that t~e ir?n ores .may 
re originated from the complete oxidatiOn of either 

·rrito or mangano iderite mass , and that the zinc 
:· may have been deposited directly either beneath 

beside mas es of either of these materials; also that 
~e primary shoots of zinc bl ode from which the 
,ridized zinc ores were derived were iiTegularly scat
oOO through the sulphide bodies or were in places 
:nderl11in by manganosiderite. The evidence as a 
!hole indicates that if an oxidized body of either iron 

zinc ore is present a body of the other may be 
· nt clo e by, although the relative po ition of the 
10 bodies can not be predicted; but in view of the 
.lafi\re abundance and di tribution of tho primary 
Jineral , pyrite, mangano id rite, and zinc blendo, it 
.erident that the pre nco of the iron ore is not a 
, ain indication of the pre ence of the zinc ore, for 
MgC bodie of almo t pure pyrite border d by manga
. :derite are known to exi t with no noteworthy 
I!Ilount of zinc blende in the immediate vicinity. 
llridation of uch a body would yield a large depo it 

iron and manganiferou iron ore with no a o iated 
:«Jy of zinc ore. 

IERTICAL DISTRIBUTIO A D RELA TIO TO DEPTHS OF 

XIDATIO , D GRO ND-WATER LEVEL 

be n found in a f ' plac 
and at varying d pths 

base of the Parting quart;r,ite even down to the top of 
the Cambrian quartzite. Thi is the thickest and one 
of the two largest oxidized ;r,inc ore bodies thus far 
worked in the Leadville district. It i associated" ith 
the thickest as well as one of the most continuous 
bodies, or series of bodies, of lead- ilver or in the 
di trict, and general conditions appear to have been 
favorable to concentration rather than dispersion of 
the zinc. 

All the zinc carbonate and silicate thus far mined 
have been found in the zone of complete oxidation, 
except the lowest parts of the great Carbonate Hill 
bodies. These, as indicated in sections A- ' to F - F', 
Plate 65, in places underlie sulphide ore. In some of 
these places the zinc ore is practically in immediate 
contact with the sulphides and may even inclo e small 
amounts of them and of associated mangano iderite. 
Here the zinc ore has been deposited below the local 
depths of oxidation. 

These expo ures of sulphides over or within the zinc 
ore have been made at depths of about 640 to 700 
feet and more below the collar of the Wolftone shaft. 
Old lead carbonate stopes were noted as far down as 
about 650 to 660 feet below the shaft collar. These 
figures bas d on observations at se eral places in the 
Western Mining Co.'s ground, place the average local 
depth of compl te oxidation about 640 to 650 feet 
below th collar of the Wolftone haft, or at an alti
tude of about 9,950 feet. They correspond closely 
with figures in Emmons' notes, for he found the depths 
of oxidntion to be at an altitude of 9,936 feet (660 feet 
below the surface) in the Wolftone mine, 9,941 feet 
(639 feet below the surface) in the Brookland, and 
9,9 1 feet (667 feet below th urface) in the Upper 
Henriett. Emmons's notes, however, show that th 
d pth of oxidation fluctuates con iderably in the north
ern part of Carbonate Hill . 

The relation of the oxidized zinc or to the ground
water urfac can not be definitely hown, becau e 
the water level , as they stood befor mining began, 
have been al ered in many places by mining opera
tion . o far a can be learned, all the ore bodies 
that have been tudied are well above the natural 
ground-water urface xcept tho e in the northern 
part of arbonate Hill. It i aid that if pumping 
w re di continued in the Wolftone mine at the north 
end of thi hill, the water would ri e within about 300 
fe t of the collar of the haft. Thi i more than 300 
fe t above the av rage depth of complete oxidation 
and well above all the oxidized zinc bodi thus far 
found in the mine· th around-water l vel at the time · 
the e ore bodi wer formed mu t therefore have 
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been considerably lower. Not even the depth of 
complete oxidation, however, gives a preci e indica
tion of the natural ground-water surface; for oxida
tion is known to extend som ' hat below that urface 
in some places and considerably b low it in exce -
sively fractur d zones. On the other hand, ulphide 
bodies of small to considerable size are found, in more 
protected ground, above ground-water lev I. The 
depths at which the zinc carbonate and silicat are 
found are also unreliable indications, for th e 
minerals may be depo ited by the replacement of 
limestone below as well as above ground-water level. 
The composition of the zinc carbonate ores is uch as 
to indicate that they were deposited in the ab nee 
of free oxygen, a condition that may exi t in the 
lower part of the ground above the water level a well 
a below it. Large portions of the carbonate ores 
also have undergone considerable oxidation and leach
ing, a fact which prove the downward migration of 
the oxidized zone since the bulk of the carbonate ores 
were deposited. The ground-water surface also doubt
less migrated downward, ke ping pace with surface 
ero ion. It is obviou , therefore, that no exact rela
tions can be determined between the distribution of 
the oxidized zinc ores and the ground-water surface. 
The evidence as a whole, however, indicates that 
the zinc carbonate ore were depo ited close to if not 
in part below the water level that existed at the time 
of their deposition, and it is possible that their lower 
portions were still below the water surface as it tood 
just prior to the disturbances caused by mining. 

LACK OF ASSOOIATIO T WITH SECONDARY SULPHIDES · 

No sulphides known to be secondary have been 
found in association with the oxidized zinc ores, and 
no zinc sulphide known to be secondary has been 
found anywhere in the district. The sulphide ore 
exposed in contact with the zinc carbonate ores ha 
all the characteristics of primary ore. Even small 
grains of pyrite, zinc blende, and galena found inclosed 
in the ore proved under the microscope to be inti
mately associated with veinlets and patches of quartz 
and sericite, the typical gangue minerals of primary 
sulphide ore. The three sulphides, as well as the 
quartz and sericite, were evidently unaffected by the 
zinc-bearing solutions that replaced the carbonate 
rock. 

The sulphide masses ad jacent to the zinc carbonate 
ore are all composed largely, if not entirely, of pyrite, 
but no sign of · zinc sulphide, either sphalerite or 

wurtzi~e, ~tpon py~·ite. wa found. Thi is a point of 
some stgnificance m VI w of the conclusions by Blo, 11 

and Emmons 39 that the zinc remov d from the 
0
v ·_ 

dized zone had been precipitated a ulphide just ~ 
low ' at r lev I and had thus migrat d downward~ 
equal pace with the limits of o "idati n. The on! 
available agent for the precipitation of zinc as a suf. 
phide, on the a umption that th zinc wa in solution 
a sulphat , were a very mall quantity of organic 
matter and a large quantity of pyrite. . 

It has been assumed by some writ rs that pyrite 
or marcasite ha precipitat d econdary zinc sulphide 
especially in d posits of the Mi i ippi Valley; bu~ 
experiment with the two mineral have not confirmed 
thi a umption, at least in a convincing way. The 
experiment of chue1·mann ' 0 and Weigel 41 lead to the 
conclu ion that under c rtain onditions zinc ulphide 
i lightly more insoluble than iron sulphide but that 
the two metal are o very nearly qual in solubility 
that any precipitation of zinc sulphide at the expense 
of an iron sulphide would not be nearly so rapid as 
the precipitation of silver or copper ulphide by the 
same agent. The conditions of these experiments by 
no means duplicate the conditions governing the 
econdary deposition of zinc minerals at Leadville, but 

so far as they go they ugg t that if pyrite can pre
cipitat zinc sulphide from the ground waters in 
que tion it doe o very lowly and can hardly pre
cipitate large quantities of zinc blonde just below the 
zone of oxidation. 

The only experiment known to the writer in which 
zinc sulphide has been precipitated by pyrite or marca
site was performed by tokes,'2 who treated pyrite and 
marcasite each with a olution of zinc carbonate and 
potas ium bicarbonate, in ealed tube which contained 
an exc s of both carbonates and were filled with car
bon dioxide, for 24 hours at 1 0° C. tokes also found 
that under similar conditions pyrite and marcasite were 
decompo d by alkaline solution , including potassium 
bicarbonate. It therefore seems probable that the 
potas ium bicarbonate made the precipitation of zinc 
sulphide pos ible. In the Leadville depo its the sec· 
ondary zinc solutions, whether sulphates or carbonates, 
evidently found the surrounding carbonate rock to be 

u Blow, A. A., The geology and ore deposits of Iron Bill, Leadville, Colo.: Am. 
lost. Min. Eng. Trans., vol. 18, pp. 168-172,1800. 

"Emmons, S. F ., and Irving, 1. D ., The Downtown district of Leadvllle, Colo.: 
U. S. Oeol. Survey Bull. 320, pp. 32-33, 1007. 

"Schuermann, Ernest, Ueber die Verwaod tschalt der SchwermetalletUm Scbn 
fel: Liebig's .Annalen, vol. 249, p. 326, 1 . 

H Welge!, Oskar, Die Ltlslichkeit von Schwermetallsulphide in reinem wasser: 
Zeitschr. physikal. Chemie, vol. 58, pp. 293-300, 1007. 

11 Stokes, B. N., Experiments on the action or various solutions on pyriteaod 
marcasite: Ecoo. Geology, vol. 2, p. 17, 1007. 
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illore readily replaceable than the pyrite, and for this 
rtsson the zinc was precipitated as carbonate. The 
condition , including low temperature as well perhaps 
~absence of a sufficient amount of alkali in solution, 
apparently were not right to ~onvert it to secondary 
iUiphide at the expense of pynte. 

Experimental evidence is thus negative, and local 
field evidence shows that conditions were not favorable 
for the precipitation of secondary zinc sulphide. Local 
eridence fmthermore accords with g neral evidence, 
rhichhas been discussed by W. H . Emmons,43 who says: 
Jthas frequently been stated that zinc sulphide has been pre

dpitated at the expense of iron sulphide and that zinc has driven 
uon out of its sulphide combination, but no examples of the 
pseudomorphous replacement of pyrite or marcasite by zinc 
blende arc available. On the other hand, Hintze 44 notes a 
pseudomorph of marcasite after zinc blende. 

Lindgren 45 tates that " zinc i not, as a rule, depos
ited as a secondary sulphid , and no authentic case has 
been recorded where it replaces pyrite, as chalcocite so 
~ten does. ' In his di cussion of Bain's conclu ion 
mat econdary sulphides of zinc and other metals have 
been deposited at Joplin, Mo. , below the zone of oxida
ion,he remarks 46 that "possibly this has taken place on 
a small scale, but most of the ore immediately below 
he oxidized zone appears to be of primary origin." 

•Emmons, W. H ., Theenrlcbment or ore deposits: U.S. Oeol. Survey Bull. 02.>, 
~ !1(),19 1 7. 

• Hintze, Carl, Hnndbuch der Mineralogie, vol. I, p. 481, 1904. 
•Lindgren, Waldemar, Mineral deposits, p. 811 , 1913. 
' Idem, p. 834. 
• Butler, B.S., Geology and ore deposits or the San Francisco and adjacent dis· 

irids, Utah: U. A. Oeol. Survey Prof. Paper 80, p. 154, !913. 

In a few places, notably the San Franci co district, 
Utah, described by B. . Butler,47 wurtzite, the hexag
onal form of zinc sulphide, probably occurs as a 
secondary mineral. Butler, while suggesting that the 
replacement of pyrite by zinc !SUlphide may be po sible, 
remarks that 

in none of the ore examined can the zinc sulphide be seen re
placing the iron, but there are abundant specimens that show 
wurtzite surrounding sphalerite, apparently as a later growth 
on it. This suggests that the precipitation has been effected 
by agents other than the pyrite, and that the attraction of the 
sphalerite had caused the secondary sulphide to be added to it. 
* * * E . T. Allen and J. L. Crenshaw have suggested that 
acid solutions containing zinc sulphate and hydrogen sulphide 
in solution on having their acidity reduced would precipitate 
zinc sulphide. That such solutions are formed in the zone of 
oxidation there can be little doubt, and as they pass to lower 
levels their acidity may be reduced either by solutions from the 
adjacent limestone or by reaction with alkali silicates that form 
a part of the gangue of the ore. 

From this evidence it would seem po sibfe that 
wurtzite could have crystallized upon zinc blende in 
some of the Leadville depo its at or below the down
ward limit of oxidation, but no such occurrence has 
been reported . o far as po itive evidence is con-
erned, no bodies of secondary zinc sulphide have been 

formed. The bodies of zinc blende ju t below the 
zone of oxidation, r eferred to by Blow and Emmons, 
can doubtless be interpret d as primary and can be 
shown to differ in no essential way from other segre
gated depo its of zinc blende lying well below the zone 
of oxidation, such as have been found in the Cord 
mine below the lev 1 of the Yak tunnel. 



CHAPTER 12. ALTER TIO AND E RICHME T OF THE ORE 

When Emmon made hi fir t survey of the dis
t rict only oxidized ores were b ing mined in con icier
able quantity although isolated bunche of gal na 
were found in them here and there. ulphid es had 
b en r eached in one or two mines but not developed, 
and although the oxidized ore were thought to have 
been derived from sulphides and were expected to gi e 
way to sulphides \\rjth increa ing depth, the evidence 
then available was insuffi.ci nt to afford full in ight 
into the processes involved in theirformation. ub e
quent development in the sulphide zone, together 
with increased understanding of the alteration effect ed 
by descending surface waters in general, now permit a. 
more comprehensive discu ion of the subject . 

ZONES OF ALTERATION 

The ores and inclosing rocks that lie above the pre
glacial ground-water surface have been partly or com
pletely altered by processes of oxidation. The bottom 
of the oxidized zone is in general sharply defined in 
the blanket ore bodies, as the action of d cending 
waters , which permeated them largely along the b ed
ding planes, has affected them over a large horizontal 
but a comparatively mall vertical extent; but where 
downward circulation wa confined to the steeply dip
ping lodes the bottom of the zone is less sharply de
fined and some effects of oxidation are found con id
erably below the zone of thorough oxidation. 

Where considerable quantities of metals have been 
dissolved in the zone of oxidation and redepo ited be
low it by reaction with sulphide mineral a zone of 
sulphide enrichment has been developed betw een the 
zones of oxidation and primary sulphides; but this 
zone of sulphide enrichment, in contrast to that of ox
idation, i poorly defined and can rarely be separated 
from the zones above and below it. In several places 
it is absent entirely . 

The zinc carbonate ores, cia eel as oxidized ores, 
have to a great extent been formed at or below the 
ground-water surface and locally are found b eneath 
sulphide ore. For this reason they are considered sepa
rately. Copper carbonate occur in the same manner, 
but only in very small quantity. 

OXIDIZED ZONE 

DEPTH 

Although the inaccessibility of the oxidized parts 
of many of the ore bodies has prevented study of them 
or their transitions into thesulphideores, much informa
tion has been drawn from the scattered records of 
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Emmon and hi as i taut during the fu· t survey and 
from the later tudi by Blow and other . In many 
mine , notably in Fryer Hill, Y ankeo Hill, the Down
townar a, southern arbom1teHill, outhernironHil! 
and Rock Hill , all the workings are in the oxidized 
zon , and the data procured from th m are pr ented 
in Figures 6 - 7 . lt is hown on page 272 that oxida
tion of the or took place mainl y b fore t h last taae 
of glaciation. The depth to which the proc s ~f 
oxidation extend d should therefore . be measured 
from the bottom of the gla ial moraines . 

Many hafts r presented in the diagrams are en
tirely in the oxidized zone but furnish the best local 
information available. All th hafts are arranged as 
nearly as po sib) e in groups determin d by a similarity 
of geologi structure and presumably by a uniformity 
of hydro tatic conditions. 

10,283 Surface 14302 

--.. -- .. 
9,0008bov~ s~a l~v~l 

500 1.000 rE.[T 
w=~--~-L--~-L------------~ 

FIGURE 68.- Top of su lphides in Downtown disP"ict 

According to these diagrams, the depth of oxidation 
from the ground surface rang es from 75 to 940 feet, 
and an average for the district i about 525 feet. In 
mo t parts of the di trict , however, it is between 400 
and 600 feet. Depths of less than 200 feet and more 
than 800 feet are uncommon and limited to small areas. 
Within any area bounded by major faults the depth 
of complete oxidation approaches uniformity bu ti very 
different from that in adjacent areas or that within 
the fault zones along its borders. In some of these 
areas the change from oxidized to sulphid e ore i sharp; 
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in others it i gradual, and the depths indicated refer 
to the highest point at which sulphide are found in 
appreciable quantity rather than the low t point to 
~·bich local oxidation happened to r each. 

DOWNTOWN AREA 

Extensive workings in the Downtown di trict di -
closed only oxidized ore to a depth between 600 and 
iOO feet. Drill holes in the Coronado and P enrose 
mines cut loosely compacted sulphides at depths of 66'7 
and 740 feet, respectively, and in 1919- 1923 the 
Downtown Mines Co. mined oxidized l ad, zinc, and 
manganese-iron ores as well as partly leached sulphide 
oreabove and below the eighth level of these mines, 
00 feet below the collar of the Penrose haft. No 

other sulphicles are known west of the Pendru·y fault 
zone. West of the Penros and Coronado mines the 
depth of oxidation is even gr eater, the Home Exten
~on, Cloud City, and Maple treet shafts disclo ing 
nothing but oxides, and there seems every reason to 
believe that near the Arkansas alley the depth of 

10000 rr..ABOVr SEA LEVEL 
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hole sunk in the bottom of the Robert shaft, and the 
record of this hole i not available; but a drill hole in 
the Day shaft, n ar by, disclo ed oxidized ore on the 
"second con tact," and the oxidation level in the 
Robert musthavebeenatleastthatlow. Itisprobable 
that there is little difference between the level of oxi
dation at the e shafts and that farther east in the El 
Paso shaft. In East Fryer Hill ulphides are found 
in the El Paso, Olive Branch, Bangkok, and Forepaugh 
mines at a uniform altitude of 10,130 feet , or at depths 
between 431 and 450 feet. In the Hayden mine, which 
lies at a lower altitude, the ulphide i reached at 9,95 
feet, or at a depth of 510 feet. The e figures how 
that the oxidation bore a light relation to the topog
raphy, although the incr eas in depth beneath the 
gulch is the reverse of what might be expected. The 
sulphide levels and depth are hown graphically in 
Figure 69. 

These level may be compared with the bedrock 
surface that lies deep below the terminal moraine of the 
Evan Gulch glacier. If thi moraine i of later origin 
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FrounE 69.- Top of sulphides in East Fryer Hill area 

oxidation i nearly 1,000 feet below the urface. The 
altitude and depth of oxidation ar graphically repre
sented in Figur 6 . Th depths of th bedrock ur
face beneath th "lake beds," h.igh terra gravel and 
alacial morain ar nJ o hown. It will be seen 
that d pths of oxidation m a uring 667 and 743 f et 
hom the land urfa e are only 339· and 443 f et 
respectiv ly, as m asur d from th b drock urface. If 
oxidation wa mainly arlier than th "lak 'b d " and 
hiah terrae grav 1, its depth thu agr fairl 
well with th a erave d pth for the ntirc di trict. If 
he oxidation in thi area w mainly lat r than the 

high terrae grav 1, the cover of glacial mat rial mu t 
have afford d littl if any protection against o ·idation, 
whi h ha c nformcd to the bedro k topography only. 

FRYER HlLL A D EA T FRYER H1LL 

All the bonanzas in Fry r I ill wer oxidiz d ores. 
o far 118 could be learn d no sulphid hav ver be n 

found in the main part of Fry r Hill x ept in a drill 
99271- 27t- l 

than the oxidation, the depth of oxidation i only 
bet we n 310 and 400 feet. The exi tence hru·e of oxides 
below th pr ent ground-water 1 vel indicates that 

1 • ince th period of oxidation th water level ha been 
ra.i ed owing to the water-containing capacity of the 
morain . 

ARBONATE HrLL A D GRAHAM PARK 

In the northern part of Carbonate Hill the depths 
to ulphid are known with con iderable certainty. 
In the Pend ry fault zone it lf no dragg d-in sulphide 
remain d unoxidized, for the granite i relatively near 
the urface, and all the ore bodi in the edimentary 
reel are in the oxidized zone. Imm diately east of 
tho fault th arne tat ment hold tru , and no ul
phide ar found until the blanket bodies have been 
followed eastward down the dip beneath the crest of 
Carbonate Hill. Here ulphid have been found be
neath the Parting quartzite in the Upper Hemiett 
and Maid- ombination min , and their top maintains 
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a fairly constant altitude, extending obliquely aero 
the blanket bodi , which dip ast' ard with the in
closing rocks. At the Pendery fault the top of the ul
phides is well down in the Lower quartzite. It cro es 
the edge of the ea tward-dipping eri in a nearly 
horizontal dil'ection, but between the Wolftone and 
Gonabrod shafts it has a marked ast\vard slope, as 
shown in Figure 70. The depth of oxidation in north
ern Carbonate Hill therefore appea,rs to conform more 
to geologic structure than to topography. Beneath 
the broad summit of the hill the depth of oxidation 

MIKADO WEDGE 

Within tl:).e narrow w dg - haped block between th 
Mikado and Iron fault the low r limit of oxiclatio~ 
Li s from 10,310 to 10,40 feet above sea level, and it 
depth below the land urface is surprisingly shallow-
310 to 39 fe L. ( ee fig. 70.) In the Mikado fault 
itself the altitude of oxidation on dragged-in ore be
tween the selvages of the fault i 10,109 feet and the 
depth 560 feet. The reasons for the harp rise in the 
oxidation le el in thi wedge are given on pages 255-256. 
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F IGURE 70.-Top of sulphides in Carbonate Bill area and in elevated hydrostatic basin In Graham Park, between Iron and Mikado faults 
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FIGURE 71.-Top of sulphide ores at constant altitude irrespective of topographic relief, Iron Bill east of Iron fault 

below the bedrock surface is greater than elsewhere, 
although its depth below the land surface is exceeded 
in the R. A. M. mine. There is very little difference 
in altitude between the tops of sulphides in the Evelyn, 
at the summit of the hill, and the R. A.M. No shafts 
south orsoutheastoftheEvelynhavereachedsulphides, 
although the Satellite No. 2 and the Star of the West 
were 6 4 and 530 feet deep, r e pectively. In this syn
clinal basin (sections E-E' and F-F', pl. 15) the depth 
of oxidation is certainly very great and nearly reaches 
the maximum for the district. 

IRON HILL EAST OF IRON FAULT 

The top of the sulphide zone appears to be more 
nearly level in Iron Hill than in any other equally 
extensive portion of the Leadville district, althoug~ 
locally some :fis ure or local feature has carried oXI
dation below the prevailing level, and some protected 
sulphide bodies have remained unoxidized above that 
level. 

The upper limit of sulphides in the Iron Hill mines 
is about 10,400 feet above sea level, though it ranges 
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froDll0,368 feet in the Ulster Newton to 10,470 feet 
. the North Mike. Depths below the bedrock sur
:Uce vary much more widely-from 130 to 615 feet. 
; other words, a nearly constan~ leve~ is maintained, 
like independent of topographic relief and of the 
~tward dip of the geologic formations. These fea
tures are illustrated graphically in Figures 71 and 72. 

DOME HILL 

The data regarding oxidation on Dome Hill are 
srsnty, and no average depth can be given (fig. 73). 
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downward on the west side of the Iron fault, though 
how far is not known. outh of the latitude of the 
Oro La Plata shaft on both sides of the fault the deep 
gorge, now filled with glacial deposits, has caused a 
depr sion of the depth of oxidation. 

ADELAIDE PARK EAST OF ADELAIDE FAULT 

None of the shafts in Adelaide Park east of the 
Adelaide fault that were accessible during the visits 
of Emmons and Irving showed sulphides except the 
Flagstaff, Lady Alice, and Badger State; and in these 
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FIGURE 72.-Depth of ox id ized zone in synclinal hydro tatic basin west of Iron fault, West Iron HJU. Compare altitude with that shown In Figure 71 
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FtGURB 73.-Top of sulphide ores in Dome Hill east of Iron fault 

In the Oro La Plata mine ulphides were reached at a 
depth of 344 feet. In the tevens shaft their depth 
· not known. All the other mine , including a long 
t on both side of the Iron and Dome fault , ' ere 

entirely in oxidized ore so far as known. The great
f<lt depth attained by any haft in the oxidized zone, 
650 feet, was in the oon alley mine, w t of th 
~on fault. As shown on section F-F' and G- G', 
Plate 15, the top of the sulphides pitches abruptly 

the actual depth of oxidation could not be seen. The 
Badger tate and Lady Alice each showed sulphides 
in porphyry at a depth of 60 f et, and the Flagstaff 
at 400 feet; the Park Benton, 325 feet deep, was all 
in oxidized matter. As fairly uniform conditions may 
be as umed, it is probable that in this area as a whole 
the transition from oxide to ulphide occurred at depths 
ranging from 400 to 550 feet. The shafts are shown 
graphically in Figure 74. 



• 

252 GEOLOGY AND ORE DEPO IT OF LEADVILLE MI I 'G DI TRI T, COLORADO 

BREECE liiLL WE T OF WE"TON FAULT 

Breece Hm, west of the Weston fault , hows only 
Gray porphyry at the urface. In the workings of the 
Penn, Robert Burns, and Hunter mine this porphyry 
is underlain by sedimentary rocks, but outh of the 
Penn mine it extends to great depth. 

In the southern and eastern portions of thi ar a 
oxidation appears to be relatively hallow (fig. 7 5), 
for pyrite appears a hort distance from the portal in 
the Agwalt tunnel, at about 200 feet from th urface 

eins in this area is r latively unoxidized in ma , 
pla , whereas the veins, which have afforded ea ~) 

d d
. . ter 

pas age to escen. mg_ wate1 , ar oxtdized to consid-
erable depth. OXIdatiOn a a whole, however, is mu h 
hallower in this ar a than in th othe1 . c 

EVA r GUL II WE T OF WE TO FAULT 

'fh Mammoth Pla er and Pawnolo shafts, north
ea t of. Y anl ee Hill, are th only on s that have 

500 1poo FEET 
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FIGURE 74.-Depth of oxidation in Adelaide Park and lower western slope or Dreece Rill 
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FIGURE 75.-Depth of oxidation in Breece Bill west or \V!.'Ston fault 

in the Antioch quarry, and at 200 feet also in the 
Banker shaft. The depth of oxidation is considerably 
greater in the Robert Burns and Forest Queen mines, 
which are near the Weston fault, but is still consider
ably less than in the mines to the northwest. Its 
greatest depth in the Penn mine, 350 feet , is in a vein. 
Pyritiferous porphyry forming the wall rock of the 

reached sulphides in Evans Gulch west of the We ton 
fault. ( ee :fig. 76.) The transition in the Mammoth 
Placer is sharp at a depth of 570 feet from the ground 
surface, or a little less than 500 feet below bedrock 
surface. This considerable depth beneath a glaciated 
valley is explained hy the fact that glacial ero ion hn 
been relatively slight near the terminal moraine. 
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tltNS AND SOUTH EVA S GULOHES EAST OF WESTO 

FAU LT 

The depth of oxidation in the large area including 
Evans and South Evans gulches east of the Weston 
fault how a wid variation, which expre e a cor-
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FIGURE 76.- Deptb or oxida tion beneath Evans Oulcb west or Weston fault 

-ponding variety in governing condition (fig. 77) . 
The great t uniformity i attain d on both ide of 
" uth Evans Gulch, along and opposite the base of 
Breece Hill, where according to available data the 
lower limit of oxidation averag ~ abou t 11 ,000 feet 

B 

cau es, among which the steepne of lope, relatively 
high water level, predominance of ilic ou or quartz
itic r ock, and inten ity of glacial couring are the 
mo t potent. The n are t approach of sulphides to 
th surface in the entire district, 75 feet, is found in 
a mall vein near the Little Bob shaft. The greatest 
d pth of their top below the urfac in this area, 275 
fe t, occm in the Big Four mine but its altitude 
her i omewhat above the average, in conformi ty 
with the loeal contour of the bedrock surface. On 
tho whole, however the bottom of the oxidized zone 
tend rather to maintain uniform alti tude than to 
vary in ympathy with the topographic relief. 

In the Winnie-Luema vein, which i vertical and 
connected with the surface, oxidation might be ex
pect ed to be deep on account of the ready access af
forded to urface waters; but it i surprisingly hallow, 
its depth being 1 5 feet in the Winnie min , 325 feet 
in the Luema and less than 140 feet in the Erie 
(Chautauqua), which is on blanket ore close by and not 
on the vein. Thi r elatively shallow oxidation is 
unqu estionably du e to the r emoval of the upper part of 
the ox idized zone by glacial erosion, an inference 
further supported by the incr ease in depth beneath 
the outh edge of the north lateral moraine of the 
E vans Gulch glacier, which ]jes just outside the tract 
eroded by the glacier. 

Ea t of the ilver Spoon mine the lower limit of 
oxidation decreas in altitude, whereas the surface of 
the ground incr a es . .At th Famous and Dolly B 

111uu 77.- Deptb of oxidation beneath Evans and South Evans gulcbe east or Weston fault as sbo,.,n by n nortbnrn cast-west row or shafts (A) and a roughly paralle l 
southern row (B) 

above s a level. It rjl.ng from 10 95 fe t in the 
Gold Basin to 11 ,130 feet in the t . Loui tunnel at 
a point 400 feet south of the portal. 
o( hallow t oxidation in th L adville district, and 
the shallowness i probably due to a combination of 

min in Evan Gulch, the ore was oxidized in t he 
old workings to a depth of 4 0 to 500 feet, and the 
d pth to the ulphides was almost as great as in the 
Diamond and R esurrection No. 2 mine . Only sul
phide ore wa found at the 11 first contact" in these 

• 
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mines, and the depth of oxidation is inferred to be 
from 750 to 800 feet (altitude about 10,500 feet. ) 

A similar though less regular increase in the depth 
of oxidation takes place east of the Winnie shaft. In 
the Ollie Reed, Favorite, and ilent Friend the average 
depth of oxidation is about 500 feet. In the Fortune 
mine a little sulphide ore was found at a depth of 650 
feet (altitude, 10,733 feet ), and in the Sedalia and Resur
rection No. 1 at an average depth of about 900 feet 
(altitude, 10,530 feet ). The altitude in the last two 
mines is very near that in the Resurrection No. 2 
and Diamond mines, but exact data have not be n 
obtained. In the Resurrection No. 1 the fifth level 
of the Little Ellen incline showed only oxidized ore, 
and the seventh level only sulphide ore. The sixth 
level, which should be near the transition, was inacces
sible; its vertical depth below the surface was 90 feet 
andiits altitude 10,560 feet. 

Eastward from the ilver Spoon, Erie, and Winnie 
shafts oxidation not only becomes deeper as the surface 

"Weber shales" and " Weber grit." Or in 
Web r (~)formation are oxidized only to d pths of::~ 
feet (altitude 11 ,465 feet ). The causes for this var· 
tion are explained on page 256. !a-

Northwest of the Ibex No. 4 shaft oxidation h 
extended downward in two of the veins, the No.4 a~ 
the No. 10, to the exceptional depths of 700 and 900 
feet, apparently becau e of the exceptional ease with 
which these veins could be penetrat_ d by surface 
water . In the Elk and Donovan mm oxidation 
extends below the d pth of 600 feet (altitude 10 900 
feet) that had been reached in 1901, when the ~ne 
was visited. Along the unday vein, on Ball Moun
tain, a mile south of the Ibex, oxidation ha extended 
to a uniform depth of only 300 feet. 

VARIATIONS IN DEPTH OF OXIDATION 

The preceding table and descriptions indicate a 
wide range of variation in the depth of oxidation in 
different portions of the district and even within small 
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FIGURE 78.-Depth or oxidation in Ibex and adjoining mines, Breece Hill, and in Sunday mine, Bali Mountain 

rises: but (actually extends to a lower level. Here, a 
well as farther west, the general lack of correspondence 
between "oxidation and topography is striking and i the 
result of the eastward movement of waters down the 
dip of the strata. The depth of oxidized matter 
removed during the last glacial stage in the vicinity of · 
the Winnie shaft was evidently considerable, and the 
amount of oxidation since glaciation has been relatively 
insignificant. The depth of oxidation indicates that 
ground water in this area prior to glaciation wa much 
lower than at present. 

BREECE HILL IN VICINITY OF IBEX MINE 

In the Ibex and adjoining mines the top of the sul
phides stands at a uniform altitude of about 11,125 
feet (fig. 78). This means a depth of about 450 feet 
and applies equally to the blanket ore bodies and the 
veins connected with them where they are inclosed in 
walls of porphyry or sedimentary rock other than 

areas . uch variations are commonly suppo ed to be 
determined principally by topographic relief. This 
is true only to a limited degree at Leadville, as may 
be seen by Figures 6 - 7 and by the line marking the 
upper limit of sulphides on the east-west ections in 
Plates 14-17. A rough correspondence exist , as the 
top of the sulphides in a general way rises eastward 
with the surface; but the many striking variations 
from uch a correspondence i-ndicate that other factors 
besides topographic relief have influenced the depth 
of oxidatwn. 

The causes of variation are geologic structure, the 
lithologic character of the country rock, the form and 
po ition of the ore body, and glacial ero ion and depo
sition. The first three of these are considered in 
the following paragraohs. The fourth requires a pre
liminary understanding of the relation of oxidation 
to the geologic events of Tertiary and Pleistocene time 
ancl i discussed under the heading "Age of supergene 
alteration" (p. 272). 
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EFFECTS OF GEOLOGIC STRUCTURE 

Faults.-The major faults with their impervious lin
ings have served as dams between adjacent blocks of 
171'0UDd or hydrostatic basins, within each of which the 
~ater level, and therefore the depth of oxidation, has 

1eroained fairly uniform. The difference in altitude, 
634 feet, between the depths of oxidation on the two 
~des of the Mikado fault (fig. 70) is probably the best 
e~dence of this damming effect and of the lack of de
pendence of the depth of oxidation upon the local 
configuration of the surface. There as elsewhere the 
(suit zone with its impervious borders of selvage has 
itself ponstituted an independent reservoir within 
which an intermediate water level and depth of oxi
dation have been maintained. The ore dragged into 
the fault zone i oxidized down to an altitude of 
10,109 feet, which is 413 feet below the depth of oxi
dation on the east and 221 feet above that on the 
west. 

Equally triking but not so well defined is the dif
ference in altitude b etween the zone of oxidation on 
opposite sides of the Iron fault , farther outh. 

imilar differences are also brought out by Figures 
79 and 0, which epitomize the data along two O'eneral 
east-west lines through northern Carbonate Hill and 
southern Iron Hill. The altitude of the lower limit 
of oxidation immediately e.ast of the P endery fault 
zone has not been clo ely determined because of the 
much higher altitude of the lowest ore zone , but it is 
well within the underlying granite. 

Tilted strata and porphyry heets.- Easier acces to 
ore bodies has been furni hed along the tilted contact 
between porphyries and fractured limestone than along 
the smaller joints and cracks in the overlying White 
porphyry. Hence the circulation of oxidizing surface 
waters has been especially active along such contacts, 
and where downward progress was unusually easy, as 
beneath the northeastern part of Carbonate Hill and 
Graham Park and beneath Little Ellen Hill, oxidation 
extended to an unu ual d pth. It accentuation be
neath Graham Park may perhap be due to the thick 
body of gravel and " lake bed " which there ov rlies the 
ore-bearing rocks . The characteri tic effect of struc
tural conditions n circulation, however, is scarcely 
perceptible in the larg ore shoot of Iron Hill. 

Isolated bodi of ulphide ore are found in a few 
places well up in the oxidized zon , where an impervi
ou cap of porphyry or shale unusually free from frac
turing has prevented acces of oxidizing waters directly 
from above and wh re waters guided downward along 
the dip of the limestones have pas ed b low. 

EFFECTS OF PHYSI L CHARACTER OF 0 TRY RO K 

The imp rmeability of porphyry and hale has just 
been cited as a factor preventing or retarding oxidation. 
The quartzit al o are impervious, though evidently 
to a less degree than the porphyry and shale. Sul
phides are found in th e thr e kinds of rock compara-

' tively near the surface- for example, in the tock at 
Breece Hill , where dis eminated pyrite i found at very 
shallow depth in the les fractur d porphyry, although 
it has been oxidized to a considerabl e depth along veins 
or fissure zones. In the Fore t Queen and Chipp wa 
shafts oxidation extends to a depth of 500 feet. The 
presence of oxidized ore replacing limestone beneath 
or within thick masses of pyritic porph}'TY is further 
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FIGU RE i9.- Abrupt rise in altitude of suJpblde zone d ue to faults and rise of 
ground surface from Downtown district to An tioch quarry 

proof that oxidizing waters may pas for long distances 
along fractures in porphyry without being able to per
meat the porphyry itself and to oxidize the dissemi
nated pyrite. 

The Weber ( ~) formation contains much black, coaly 
shale, which is not only imperviou but apparently 
has a reducing effect on surface waters. Where veins 
pas through this shale, or blanket bodies are found 
replacing beds of grit between bed of hale, they have 
been protected from oxidation e en though ores in
cluded in other rocks have, in the same locality, been 
thoroughly oxidized. In the Ibex mine near the No. 
3 shaft the vein in the Weber ( ~) formation contains 
sulphide within 160 feet of the surface, whereas through 
the re t of the mine oxidation extends to a fairly uni
form depth of 450 feet. In the Garbutt shaft, near 

., 
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the Iba.'< No.3 shaft, veins of sulphide in theW ber ( ~) 
formation were found at 162 feet from th surface, and · 
in the egro Infant claim at about 65 feet from the 
surface, with mall i olated patches even higher. o 
striking is this effect that on th first lev 1 of th Ibex 
mine, 200 feet below the surface, many veins may be 
followed aero mall faults separating the W b r 0) 
formation from the intrusive porphyries and ob erved 
to change abruptly from sulph~des to oxid s at the 
contact. 

In the Fryer Hill area also, just north of Evans 
Gulch, on the 0. K. claim, nodules and streal of sul
phides were found in a 10-foot layer of black carbo
naceous "Weber shales" 207 feet from the surface in 
the Cooper shaft, whereas the underlying formations 
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exi t in the Tucson mine. There are many places 
however, where the depth of complete oxidation i~ 
both vein and blanket is at a common level. 

In the v ins that crop out complete oxidation is 
surpri ingly shallow, a is illustrated by the Winnie
Luema,Littl Bob-Loui e, outh Winni , and Colorado 
Prince. Glaciation may be th cau e of some of this 
shall own but can hardly account for it all. In all 
such ein ·, however, oxides ar mingl d with the sul
phid well below the depth of complete oxidatiou. 

The r a on for the ready p netration of ome veins 
l;>y surface water i easily found in the highly inclined 
channels of easy circulation which they afford. Where 
gouge or s lvage is well developed the waters are con
fined to the veins and extend their chemical activity 

E. 

FIGURE 80.-Abrupt rise In altitude or oxidized zone on the upthrown side or each successive fault to a new hydrostatic basin 

were all oxidized down to and beyond the bottom of 
the shaft, which was 294 feet deep. 

EFFECTS OF FORM AND POSITIO OF ORE BODIES 

In many places oxidation extends deeper along the 
lodes than along the blanket ores in their immediate 
vicinity, and the deepest traces of oxidation known 
are in some of the lodes of the Ibex mine on the 1,300-
foot (Yak tunnel) level. In the same mine some of 
the larger veins are completely oxidized to depths of 
700 to 900 feet, but general oxidation of blanket ore 
bodies extends to a depth of only 450 feet. In the 
Penn mine complete oxidation extends down into a 
vein to a depth of 350 feet or more, as against 235 
feet in the associated blanket bodies, and tracea of 
oxidation extend much deeper. Similar conditions 

lower than where they mingle with the deoxidized 
ground water of the surrounding area. In areas like 
the upper Ibex, however, and in South Evans Gulch, 
the general permeability of the rocks as a whole has 
brought both veins and blankets under the governing 
influence of local ground-water conditions. 

RELATION OF OXIDATION TO PRESENT GROUND-WATER 
LEVEL 

Although ground-water levels originally differed in 
different hydrostatic ba ins, these differences were 
largely destroyed, very early in the history of the dis
t rict, by the driving of drifts across the major fault 
zones. R eliable data regarding the original ground
water level are therefore limited to a few parts of the 
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··t ict and are particularly ca.rce in the area drained 
t~1 e Yak tullllel. The mo t significant data relate I 

~the Downtown, Ea t Fryer Hill, and Graham Park 

~~· . 
In t.he Downto~ n area the different mme wer o 
DJpletely connected both by natural watercour es 

((ld by workings that tho va t amount of wat r was 
~nd led by an a socia ion upported by member com

nies in proportion to heir output. Op ration of 
: nmember companie we~·e d pend nt on tho e of the 
·ociation. After operatiOns had been suspended for 

~jmonth during the strike of 1 96, water le el stood 

1130 altitude of 9,91 feet-a d pth of 365 feet below 
the urface and 400 feet above the top of the sul
~d es.48 Loo e, stratified dolomite sand, deposited at 
ilie t.ime the mines were flooded, wa found filling the 
Jri{t at about the 9, 725-foot level in the Weldon mine. 

Jn the East Fryer Hill area the following accurate 
Ida were obtained by Emmons. The mine of this 
uea were closed for a time in 1 93, and again in June, 
!,96, at the time of the 'strike. Although pumping 
us resumed in the Downtown, Carbonate Hill, and 
fryer H1ll area , the Ea t Fryer Hill area wa not 
materially affected, and the water tood for a long 
lime at a fairly constant altitude, averaging 10,231 
ltet, or 330 feet below the surface, a shown in the 
lollowing table: 

Dtpth to water i n shafts in East Fryer H i ll area, 1898-1901 

Approxi· 
mate a lti· 

ShalL tude nt 
ground 
surface 
(feet\ 

Bsogkok-Cora 
Bell. 

10, 559 

DPa o ------ 10, 5 0 

!:t Davis ___ _ 10, 560 
f01tpaugh ___ 10, 565 
001'e Branch __ 10, 567 
lip Top ··--_- ! 10, 535 

Date Depth to water (feet) 

April, 1 93 _ _ _ _ 327. 20} 
July, 1 99 ___ __ 327. 0 Av. 32 . 00 
June, 1901 _____ 329. 01 

February, 1 97 _ 370. 00 A 35? 
April, 1 93 ___ __ 346. 33) 

July,1899 ____ _ 347.20 v. w. 

June, 1901 __ ___ 34 . 00 
April, 1893 __ _ -j 

_____ do - ----- - 
___ __ do --------
- ___ _ do ______ _ _ 

324. 80 
335. 25 
336. 20 
301. 20 

Av. 329. 72 

light variations we.r not d in differ nt y ar , the 
t noticeabl in 1 97, when the water 1 el in the 

D Paso shaft for orne unknown r a on f ll to a depth 
~ 370 feet. With thi ex eption th lev l was fairly 
~nstant. The range of about 50 f et in the di tance 
from the urface to ground-water lev l is due mainly 
lo the diff rent altitud of th haft . The uoper 
funit of sulphid i about 100 fe t below th a erage 
tater level. 

In the Maid mine th bottom of the oxidiz d zone 
at an altitude of 9,9 0 feet, or 564 f et below the 

' Eng. and Min. Jour., Oct. 22, 1898. 

surf a e. The management tates from past experience 
that if pumping in all the min in the vicinity were 
discontinued th water would ri e to an altitude of 
about 10 245 feet or 265 feet abon the bottom of the 
oxidized zone. Thi level appears abnormally high, 
compar d with that in the Mikado mine. H re the 
pump had kept the water down to an altitude of 9,295 
f e~ until pril, 1919, wh n pumping w u pended 
O\Ying to a trike; by Mar h 1922, the water had ris n 
to an altitude of 10,0 5 fe t, and it r emaiued approxi
mately at that 1 vel until pumping was r e umed in 
1923.49 

The differences in altitude of the water 1 el in the 
three areas and it practically uniform altitude in Ea t 
Fryer Hill in 1 93 and 1 96 how that thl:' e three areas 
ar till practically independent of one anoth r. The 
fact that the water l vel are well above the bottoms 
of the respective oxidized zone can not, therefore, be 
attributed to the rai ing of th water level by tapping 
adjacent hydrostatic basin . It is po ible that orne 
workings in and ast of the P ndery fault may have 
low red the original water level of Carbonate Hill and 
rai ed that of the Downtown area to a minor clegree, 
and in that case the difference between water l v 1 
and depth of oxidation at Carbonate Hill before min
ing began was greater than tha,t indicat d above. 
There is no reason for su pecting connections b tween 
the East Fryer Hill and other hydro tatic ba ins , and 
the water level of 1 93 and 1 96 i regard d a the am 
as that existing prior to mining operations. 

It therefore appears that the ' ater level has ri en 
since the major part of the oxidation was completed. 
The thick co ering of glacial debri in the Ea t Fr r 
Hill Graham Park, and Downtown area appears to 
be the cau e of thi ri e in wat r level, both within 
th e three ar a and in the ad jacent part of Carbonate 
}Jill. The implication that oxidation took place be
fore the la t tage of glaciation i upported by the 
evid nee pr ented on pag 272, which ho' that 
by far the gr ater part of tho oxidation oc urr c1 in 
lat Tertiary or arly Plei toe n time. 

If the wat r urface w re lowered at every point in 
th e' t ern area b an amount equal to the thick
n of the o rlying o-lacial debris it would nearl) 
coincide with th base of the oxidized zon . The 
gr at depths of oxidation b n ath Littl Ellen Hill 
and upper Evans Gulch, howev r, reach far below the 
water l vel that exi ted before the driving of the Yak 
tunnel, and that lev I mu t have been very shallow 
b cau e of th abundance of rain and snow and the 
thicknes of th White porphyr) and Weber(~ ) forma
tion, both of which tend to retain water. T.he differ-
nee between thi hallow wat r le el and the depth 

of oxidation can n t be attributed to glacial depo its, 
as glacial ero ion here exc ded depo ition. imilar 
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though 1 s triking differences occur in other par ts 
of the di trict. 

The pr vailing lack of relation between water level 
and topography is due largely to the presence of lime
stone 1\nd dolomite, in which the development of open 
watercourses along fractures permits rapid descent of 
water to a common level within a hydrostatic basin, 
in contra t to the slow circulation along kaoliniz d 
fractures in imperviou siliceous rocks. H~d the lime
stones extended to great depth throughout the region, 
a. nearly level ground-water urface would have been 
established beneath the whole area at an altitude near 
that of Arkansas and outh Platte rivers, the principal 
lines of drainage. Such fl. condition exist in the Tintic 
district, Utah.50 There, in spite of great topographic 
relief, water in the extensive limestone area stands 
approximately at the level of Utah Lake, in the main 
drainage basin 20 miles to the northeast; in the stock 
of igneous rock adjacent to the limestone it is much 
shallower, and in the area of volcanic flows which over
lie the limestone there is a shallow water table well 
above the deep water table in the lime tone. In the 
Leadville district the depth to which water could cir
culate rapidly within a hydrostatic basin wa evidently 
limited by the po itions of Cambrian quartzite and 
basal granite, and the fairly uniform water table wa 
e tablished in the lime tones or overlying White por
phyry at a level where the rate of slow escape through 
the bounding faults equaled th rate of supply. The 
supply of water before the last stage of glaciation wa~ 
evidently much le s than at present, and the local 
water table in each ba in wa corr pondingly lower. 

ZONE OF SULPHIDE ENRICHMENT 

The zone of sulphide enrichment in the Leadville 
district is nearly everywhere poorly defined. At mo t 
places where oxidized ore passes gradually into sul
phide ore oxides, primary sulphides, and secondary 
sulphides occur together. The only conspicuous sec
ondary sulphide is sooty chalcocite. This mineral 
forms coatings around chalcopyrite, which it may 
partly or completely replace; it also coats pyrite, and 
thin :films of chalcocite or covellite are found on zinc 
blend e. The chalcocite i accompanied by considerable 
quantities of invisible silver and is regarded as a good 
indication of silver. It may also be accompanied by 
gold, although the most striking occurrences of gold 
are fracture fillings in zinc blende. Where chalcocite 
is absent the presence of white claylike gangue accom
panying sulphides is an indication of alteration and 
perhaps enrichment by descending waters. 

Enriched sulphide ore is far more common in the 
veins than in the blanket ore bodies, because, as ah·eady 
stated, downward circulation along the veins is confined 
between their gouge walls, and practically all the metals 

oo Lindgren, Waldemar, and Loughlin, O.F., Geology and ore deposits or the 
'rfntic mining district, Utah: U.S. Geol. Survey Prof. Paper 107, pp. 19,123, 1919. 

carrie'd downward in solution have an opportuu·· 
b d . d b . . h h l•Y to e r eposite _Y reactiOn wit t e primary ulphid . 
furthermore, owmg to the nearly vertical positio ' 
the vein the metals originally above the pre enter 

0
. o( 

OS1on 
s urface were largely preserved by transfer and red 
o ition at ~ower lev Is. . Downward circulation in :re 
nearly honzontal deposit , however, has carried mu h 
of the soluble metal compounds into the siliceou c 
car~onate rock b~low, wher~ there is little or no oppo~~ 
tun1ty to react With appreciable quantities of prima 
sulphides, and in this way metals formerly above t~ 
present erosion surface have in large part been lot 
Downward circulation in sulphide blank t ore bodi~ 
is likely to follow local fracture , where any enrichment 
though appreciable in itself, may add but a nealiaibl; 
proportion to the value of the ore body as a who!~. 

In th Greenback mine the lower blanket ore body 
consists of low-grade pyrite, which is locally enriched 
in silver. Below this blanket and abov the vein ex
posed on the seventh level several tringers rich in 
silver were report d. The 

1 
vein in tb seventh level 

was also enriched and contained some chalcocitestain· 
ing and claylike gangue. Similar evidence of enrich. 
m nt wa found on the ninth level of the ord mine in 
the vein and tockworks beneath the blanket ore 
bodi , but orne of the rich ore there bowed no vi ible 
evidence of enrichment. The e two occurrences, how. 
ver, prove that where structut·al conditions are favor· 

able ulphid enrichm nt ha taken place in or below 
blanket ore bodie . 

It bas ometim been supposed that the primary 
ore in the Blu limestone are more valuable than 
tho e in the White limeston ; but the only evidence in 
support of thi opinion i the gr ater amount of ili
ceous impurity in the White lime ton , which com
monly has escap d replacem nt. Bodi of low-grade 
pyrite in the Greenback and Mahala mine have re
placed White lim tone, whereas similar material in the 
Diamond mine has replaced Blue limestone. Bodies 
of zinc ulphide ore in each limestone are essentially 
identical in metal contents. It is true that in the 
w tern part of the district the ores in the Blue lime
stone, largely becau e of oxidation, have been more 
valuable than tho e in the White lim tone, but ul
phide enrichment, though comparatively scarce, is 
more marked below the Blue limestone. In the ea t· 
ern part of the district sulphide enrichment is evident 
in both limestones as well as in the iliceou rock . 

TRANSITION BETWEEN OXIDIZED AND SULPHIDE 
ZONES 

The bottom of the oxidized zone is very irregular 
in detail, and even in those localities, such as Iron and 
East Fryer hills, where it exhibits the near t approach 
to uniformity, depressions and irregularities are com· 
mon. Locally the transition from oxides to sulphides 
take place within a. very few feet, but for the mot 
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t it i gradual. In nearly all the mines r emnants f ulphides wholly surrounded by oxidizing material 
~ur far up in the oxidized zone. Galena, protected 
!JoU1 complet<: oxidation by comparatively insoluble 
coatings of lead carbonate and sulphate, is especially 
nkely to occur in this manner and was frequ ently found 
in the highest ore bodies of the Fryer Hill mines. 
pyrite, chalcocite, and rarely the bismuth-silver inter
!!Owtb " lillianite," occur in the same manner; but 
rinc blende is never found so isolated, as the sulphate 
wwhich it oxidizes is very soluble and readily r emoved, 
leaving the blende subject to continuous attack. For 
this reason the blende has been entirely r emoved from 
certain mixed sulphide boclies in which the other min
elllls have been little affected. 

Rere and there sulphide masses of considerable size 
urvive because of local protection, although the ores 

below them are completely oxidized. For example, 
an ore shoot mined on the fourth level of the A. Y. 
and Minnie mine, in Iron Hill, consisted of porous 
wbonate ores, although sulphides remained above, 
where the locally impervious cap of porphyry and sel
raue had prote ted them . 

On the other hand , oxidation extends down along 
JIUll"ginal cracks and fi ures and even on the under 
sides of blanket bodie for considerable distances 
below the general level of oxidation-for example, 
traces of oxidation have been found in some of the 
veins of the Ibex mine a far down as the 1 ,300-foot 
or Yak tunnel level ; but these downward extensions 
do not usually extend more than 200 fe t below the 
jX)int at which the sulphides first appear. 

In this transi tion zone ore bodies that contain 
nearly equal amount of oxid es and ulphides are 
eommon. Such an ore body, wholly inclo ed in 
White porphyry and composed of mixed sulphides 
through which completely oxidized material intri
cately ramified, was found in the Moyer mine. Some 
of the oxidized matter was high in iron and orne 
high in lead, but nearly all the zinc had been 
removed and carried below. 

orne veins are partly oxidized along the walls but 
contain streak of sulphide in the middle; others, 
seen in the P enn, Ib x, nnd other mines, contain 
oxides in the center and sulphides along the walls. 

The blanket ore bodies ar u ually attacked first at 
the top, even where protected by overlying porphyry, 
but numerous exc ptions to thi rule are found. 
Thu in the Gonabrod min a hell of oxidiz d ore 
surrounded a mass of ulphide ore which wa quite 
free from alteration. 

In many places oxidation xtends down to some 
particular stratum of shal or quartzite, where it 
ceases abruptly. Thus in the 1 t r Newton min 
the ore is nll carbonate and oxide down to the Part
ing quartzite, but beneath thi quartzite and it haly 
and impermeable transition bed ther i an abrup t 

change to sulphides. imilar abrupt changes take 
place at certain beets of Gray and White porphyry. 
In general however, oxidation appears to be more 
nearly related to height above ea level than to the 
structure of the inclosing rock. Thu in the Maid, 
Wolftone, Evenino- Star, and adjacent mines region it 
transgresses the eastward-dipping ediment from the 
White porphyry on the east to and into the Lower or 
Cambrian quartzi te on the we t. 

At some plac thoroughly oxidized ore with no 
residual nuclei of partly oxidized sulphide pa s un
expectedly into sulphide ore that hows no trace of 
oxidation. The transition in several places is marked 
by open caves partly filled with carbonates and oxides, 
which are underlain by loose pyrite sand. Native sil
ver is likely to appear in considerable quantity ju t 
before the sulphides are reached and continue in to 
the purtly disintegrated sulphides, as in th El Paso, 
Olive Branch, and Cora Bell mines, at East Fryer 
Hill , and the Oro La Plata mine, at Rock Hill. 

The most noteworthy example of udden transition 
from oxides to sulphid occurs at Iron Hill and is 
described by Blow st as follows ( ee al o fig . 1): 

On Iron Hill the change from carbonates to sulphides occurs 
so r apidly that the miner is suddenly surprised by finding him
self out of a body of fine oxidized smelting ore and in a clo e
grained refractory sulphide, con i ting priucipalJy of zinc and 
iron sulphides, wi th sulphide of lead in smaU quantitie . By 
close observation, however, this point of transition of the ore 
shoots can be accurately predicted. With the ore under con
sideration these indication are identical with those in numer
ous other instance observed in other mining districts. It is 
first noted that the carbonates become more "patchy" or 
occur in vugs and caves. Among the iron oxides sulphide of 
iron next makes its appearance in similar pockets and vug , 
and open cave are of frequent occurrence. The iron pyrites 
fir t appear in a soft friable ore in a semioxidized condition, 
or generalJy as a clean pyrite sand with quartz crystals, which 
is always found in the bottom of the chute under heavy lead 
carbonates. The carbonate ore, though showing no change 
which can be detected by the eye, is here found to contain from 
2 to per cent of zinc but with no increase of sulphur, the 
zinc occurring roo tly as a silicate. 

In the immediate vicinity of the sulphides the ores are dis
tributed in a loose, porous ma s of iron oxides, in wh ich open 
cave are invariably found. These caves, which are caused 
partly by the hrinking of the original ore body in oxidat ion 
and more largely by the removal and partial redeposition of 
the zinc, are urrounded on all sides by cerusite crystals of dif
ferent sizes and varying in color from perfectly white to nearly 
black, the latter being colored by oxides of iron. In the bot
tom of the cave heavy lead ores are found , and, underlying 
them, the pyritiferous sand, resembl ing carefully sized concen
trates, occurs and can be spaded out li ke sea sand. Beyond 
these regions of change and alteration in physical condition 
the ore hoot pass suddenly, as before stated, into the unal-
tered sulphide . .. 

Where the tran ition zone is more gni.dual, bodies , 
of loo e pyrite and may continue far below the level 
of the r ecognized oxidized zone. In the two main 
vE'ins of th Ibex mine great quantitie of pyrite and 
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" ere found , and much of it wa mingled with loose 
particle of iron ulphate and copper ulphat , the 
latter often erving to raise the copper content materi
ally. rumbl m es of zinc bl nd e have al o been 
noted and e idently mark the v ry beginning of oxida
tion where water had penetra d among th grain 
and had begun to orrod th ir . urface . 

P ROCESSES OF ALTERATION 

COMPOSITION OF DESC ENDING WATERS 

The oils of the Leadville di trict, a of other di trict 
in theW est, doubtle contain d appre iabl quantiti 
of alkali chloride , bromide , and iodides, depo ited by 

but non of the alt ration products in the ores or , It 
k b .b d . 11a roc can e attn ut t orgamo compound . 
~~ n the water d , cended th:·ou,~~ the oil into 

pyr~t1zed porphyry or W ~ber gnt , It oxidized the 
pynte to f rr u and f -ITJC sulphat ·and sulphur· 
acid. The u) ph uric acid thu d riv d wa partly co 

1~ 
urn d by reac tion with f ld ·par , eri ite, chlorite an~ 

calcite, the la in r a ing th amount f arbon di~xid 
in the water. Th oth r minerals wer in partremov~ 
a ~ olubl ulphates ?~ alumin~, all ali s and alkaline 
arth , and olubl thea and 10 part remained along 

the watercourses a kaolin or similar hydrou ilicates 
of alumina. While the de cending solutions were till 
1lilute the iron sulphates in the pr ence of the 
eli ol v d oxyg n t ended to d om pose into hydrous 

NE. 

Section B- B' 
EXPLANATION 

LZ] ~ [ill im 
Gra yporphyry White porphyry Blue li ~stone Sulphidesand Joint clay 
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FIGURE L- Cross section and longitudinal section of White Cap ore shoot, showing transition !rom oxidized to sulphide ore. (After A. A. Blow, op. clt.,pi.O) 

wind . These compound wer readily eli olved by 
rain water, which had already dis olved considerable 
oxygen and carbon dioxide from the air. The amount 
of these alkali alts in solution at any one time was 
never large, but continual addition to the supply in 
the soil made the aggregate amount considerable. 
Organic compounds in the oil were doubt! s dissolved 
by the water and may have increased its ability to 
attack the minerals of the soil and underlying rocks, 

oxides, which were deposited with kaolin along the 
watercourses, and sulphuric acid, which further in
creased the power of the water to attack the rock. o 
long as sulphuric acid was available the carbon dioxide 
did not attack the rock minerals appreciably, but by 
combining to a certain degree with the dis olved con
stituents to form bicarbonates it relea ed a correspond
ing amount of ulphuric acid for renewed attack on 
the rock minerals. 
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jLTERATION OF LIMESTONE AND MANGANOSIDERITE BY 
DESCENDING WATERS 

During th early stages of the proce above outlined 
;ree oxygen and sulphuric acid may have become ex
ball ted befor e th de c nding solutions r eached the 
funestone or ore beneath the porphyry or Weber ( ~) 
(ormation . Ev entually, how ever, the rock near the 
surface became thoroughly oxidized along the water
rourses1 and free oxygen was carried down to ake 
psrt in re~ctions that produced n w supplies of ul
phuric aCJd. The solutions at thi tage probably 
contain ed consid rable quantities of alkalie 1 alkaline 
earth 1 carbon dioxid , and oxygen, toaether with 

. . 5 
lArger qu.ant1t1 of the two iron sulphates and ulphmic 
arid. The pr enc of alkalic and alkaline arths 
ma~- have exerted orne influence in accelerating the 
proc e of solution and d po ition, a ugge ted by 
X' hihara.52 Minor quantiti of alumina and ilica 
al·o 'rer doubtle present in olution1 as indicated 
by the compo ition of muny mine watei that have 
percolated t.hrough pyritized sili eou rocks. 53 Where 
be olution d cend d into carbonate rock this acid 

. . ' 
us qu1ckly n utrahzed by the formation of soluble 
eulphates and a coiTe paneling amount of carbon 
dioxide. 

When the reaction wa completed ferric ulphate 
(or ferrou ulphate plu oxygen) r acted with the 
rubonaterock, forming limonite and fur ther incr a ing 
the. upply of c~rbon dioxid and of dis ol d ulphates 
of hme, magn 1a, and mangan e. This reaction wa 
followed by a imilar r eaction hetw n the carbonate 
rock and aluminum ulphat and ilica which re ulted 
in replacement of the r.<?Pk by kaoli~ or imilar hy
drou aluminum ilicate8' and dense flinty ilica · but 
his upergene sili a i t eS:aily confu eel with ori~inal 
or hypogene ilica. nd~ orne conditions, pr "'urn
ably where the amount of ilica wa deficient or where 
the c~ncentration of alkali and aluminum ulphat 
w~ h1gh1 the carbonate rock was r eplaced by alunite. 
Higher cone ntration of a\kali and iron ulphate 
caus~ replac m nt of carb nat rock by jaro ite. 

Owmg to th imilarity in appcaranc b tween the 
hydrou aluminum ili at and alunit and b w en 
he p~l .r vari ti of limonit and jaro ite, they ould 

be d1 tmgui h d wi th crtainty only by hemi al 
analysi , and their r lati abundan e and r lations 
to each other ' er not d t rmin d. Limonite 'Nil 

eridentl the roo t tabl of th e mineral and 
new uppli of oluti n arriv d th other min rals 
~·er vein d, impregnat d1 or v n consid rably 
repla d by limonite. They also were y in l in 
places by black mangan oxide d rived in mall -"N - - -

· Ishihara, 0 . S ., Geology and ore depcsits or tho T ctiuxe dis trict, Russia: 
Eron. Ooology, vol. 12, pp. 277- 27 , 1917. 
WAnalyscs or 37 sucb waters are tabulated and discn ed by w. II . Emmons in 

U.S. Ocol. Survey Bull. 529, pp. 60-74, 1913. 

part from the porphyry and in par t formed by reaction 
between the solu tion and manaanosiderite. This 
combination of hydr ou iron oxides and aluminum 
silic~tes, free silica, and minor quantities of jarosite, 
alurute, and manganese oxide constitute mo t of the 
"vein material " or "contact matter " found between 
the Blu e lim tone and the overlying iliccou rocks 
in the oxidized zone. 

Thi " contact matter ," though abundant near 
u first conLact" ore bodies, is al o abundant at con
siderable eli tances from them. It is obviou ly ind -
pendent of or ' bodie and i roughly coexten ive with 
the pyri tized iliceou rocks above i . It has a ver 
small, ·variable content of ilv r , which was evidently 
d rived from dis eminated pyri te grains and mail 
veinlets in the overlying siliceous rock and depo it d 
as. chloride.. In orne place , a in th E vening tar 
mme, the silver chloride was depo it d in the por
phyry before the olution caJTyina it reached the lim -
tone contact. "Contact matter " or u vein material ' 

found b neath oxidized ore bodies has been derived 
wholly or in part from those ore bodies and will be 
referred to later. 

The de cending waters, after having ompleted the 
reactions whereby they depo ited "conta t matter " 
and increased their content of carbon dioxide or of 
other acid radicl , wer able to permeate and corrode 
the Blu e lim tone and reduc it to dolomite and 
unti~ the di olvcd carbon dioxide wa consumed io 
the formation of oluble bicarbonat . The White 
lim on wru iroilarly reduced by th e acid wate1 
but le s extensively becau e of its low po ition. 

ALTERATION OF ORES BY DESCENDING WATERS 

OLUTIO OF PRIMARY SULPHIDE 

Study of the sulphide or in the Lead ille distri t 
and of imilar or in other districts hows that the 
sulphide most r eadily r emoved are d troyed fir t. 
Zinc blende i the first of the ore minerals to be r e
moved by oxidation and mA.y be n arly or quite all 
rem~ ed before the other ulphid ar attacked to any 
on 1dcrabl extent , although th rapidi ty and thor

oughllf' of r moval would obviou ly depend on the 
degree to whi h oxidizing olutions co uld permeate 
the ore. 

Of the other ulphid galena i the mo t protected 
from oxidation owing to the insolubility of th ul
phate that form around it. Owing to the arcity 
of chalcopyrite at Lead ille, there are no d finit data 
at hand r gardina it r elative liability to oxidation. 
Ob ervations of or in oth r eli trict favor the view 
t~1at chalcopyri te unci n\· nt oxidation before th py
nte a.nd after the zinc bl nd - a view that ac ord 
with the cun·enc of copper in the oxidized zinc or 
at L ad ill and with the int rpretation of their gene
• 1 bu t cloP not harmonize with th r e ult of cer tain 
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experiment ,S ' which, howe\er, wer made under con
ditions differing con iderably from tho e governing 
the oxidation of the Leadville ore . 

These e.,"'i:periment ha e been described and dis
cu ed by W. H. Emmons, $S who makes the followinO' 
concluding statement: "All th e experiments and 
ob ervations eem to indicate that in the zone of 
oxidation in manv deoosits the sulphides are dissolved 
in the following order: phalerite ( ~), chalcocite, 
pyrrhotite, chalcopyrite, pyrite, galena, enargite." 
The po itions of sphalerite, chalcopyrite, pyrite, and 
galena in this order accord with observations made by 
the writer (Loughlin) . 

Where a solution containing free sulphuric acid 
descended from the overlying siliceous rocks directly 
into an ore body the acid was neutralized by reaction 
with zinc blende or carbonate gangue. Structural 
conditions, however, were such that most ore bodies, 
even at the top of the Blue limestone, were attacked 
by a combination of solutions coming in part direct 
from the overlying porphyry or the Weber ( ~) forma
tion and in part from the limestone. After any free 
sulphuric acid was neutralized the zinc blende reacted 
\Vith ferric sulphate and formed soluble zinc ulphate 
and ferrous sulphate and free sulphuric acid, the last 
continuing the attack on zinc blende. It is doubtful 
if carbon dioxide exerted much solvent action upon 
zinc blende so long as sulphuric acid, ferric sulphate, 
and oxygen were present in excess, for zinc sulphate 
is much more soluble than zinc carbonate. Where 
descending waters have evaporated in the Leadville 
mines deposits of the zinc sulphate, goslarite, have been 
found, but none of zinc carbonate. Carbon dioxide, 
however, may have aided solution indirectly by com
bining with a certain amount of dissolved zinc to form 
the soluble bicarbonate and releasing an equivalent 
amount of the sulphate radicle for further removal of 
zinc blende. 

Experiments by Gottschalk and Buehler 56 have 
shown that although zinc blende alone when leached 
by water is oxidized very slowly, the process is has
tened if the water has first descended through pyrite 
or marcasite-that is, if it has first become charged 
with sulphuric acid and ferric sulphate. They have 
shown also that oxidation is much more rapid if the 
blende is in contact with the galena or-still better
with pyrite, the oxidation being accelerated by elec
trolytic action. The water used in these experiments 
is not strictly analogous in composition to the ground 

"Emmons, W. H., The enrichment of sulphide ores: cr. S. Geol. Sur\"ey Bull. 
529, pp. 76-78, 1913. 

16 Idem,p. 7. 
"Gottschalk, V. H., and Buehler, H. A., Oxidation or sulphides: Econ. Geology, 

vol. 5, pp. 28-36, 1910; vol. 7, pp. 15-34, 1912. 

waters that had d cended through the pyritized 
porphyri of Lead ille, but the result of the experi. 
ments accord with those of the natural process. What
ever the exact reactions were, th zinc blende was 
~xidized before the ot~er two ~ulphides, and there~ 
little doubt that the zmc and rron of the zinc blende 
were removed as sulphate. 

The supply of free oxygen in these solutions prob. 
ably bec~me exhausted at an early stage of the proc. 
ess, and It may be that more or less sulphuric acid 
and ferric sulphate were still available for further reac
tions. Experiments by R. C. Wells 57 have shown that 
sulphuric acid out of contact with air dissolves 
zinc blende more r adily than it dissolves galena 
pyrite, or chalcopyrite, converting the zinc to sulpha~ 
and liberating hydrogen sulphide. The hydrogen 
sulphide, if free to escape upward, could finally 
reach the zone of free oxygen, oxidize, and thus tend 
to renew the supply of sulphuric acid; if not free to 
escape it could, after the sulphuric acid had become 
exhausted, possibly succeed in reprecipitating some of 
the zinc as the hexagonal sulphide, wurtzite, but no 
evidence has been found to show that this reaction 
has taken place in the Leadville deposits. Ferricsul
phate, out of contact with air, could also convert 
the zinc and iron in zinc blende to sulphates, setting 
free ulphur and itself changing to ferrous sulphate. 
The disposition of the free sulphur under thes condi
tions is questionable, but there is nothing to indicate 
that it played a conspicuous part in the supergene 
processes at Leadville. If these reactions took place 
after the free oxygen in the descending waters had be
come exhau ted, they must have served to supple
ment the reactions which had taken place before, by 
increa ing the amount of zinc sulphate and ferrous ul
phate already in solution. 

This removal of zinc blende was illustrated at the 
transition from oxidized to sulphide ore below the 
fourth level of the Tucson mine. There the original 
sulphide ore contained considerable blende, but the 
leached ore, which extended downward for some dis· 
tance below the oxidized ore, had lost its blende with· 
out appreciable solution of the other sulphides, which 
remained as a porous, crumbly mass. The loose py· 
ritic sand mentioned in Blow's description, quoted on 
page 259, is doubtless due to the removal of zinc bl ende. 
Another striking illustration of this process was noted 
in a large body of mixed sulphide ore surrounded by 
White porphyry 50 feet above the second level of the 
Moyer mine. The upper 2 feet of the ore body is 
completely oxidized and connects downward with 
small to large irregular ~.>ranches of oxidized ore, one 

''Emmons, W. H ., op. cit., pp. 59, 76. 
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<I which i represented in Figure 2. These consist 
' brown to red iron oxide locally darkened by man
'lllese oxide and acco_mp~nied by varyin? quantit_ies 
] lead carbonate. Zmc m the surrounding sulphide 
ft a!llounts to about 30 per cent, but in the oxidized 
·e il u ually runs not over 3 per cent, though rarely 
·per cent. imilar evidence could be cited through
,:ut the district , and the absence of zinc in the oxi
~ed ore was commented on by Emmons. 58 

Chalcoovrite. so far as scanty evidence shows, be
~red similarly to zinc blende. It was converted into 

1 oiuble sulohate and carried downward. 
The large quantities of pyrite in pyritic and mixed 
~phide ores underwent the same changes as the dis
!ID)inated pyrite in the overlying siliceous rocks and 
~creased or renewed the quantity of ferric sulphate 
l!ld sulphuric acid available for attack on ore, gangue, 
snd country rock below it. A certain amount of its 
~0 was converted into hydrous oxide and remained 

\ \ , I \ ; ' f • ',. I 'p.., '"' \ .,'\f .. I , t I / " I.; ' I , I ' I , 

\ I / , " I - I / 1 , , Orphy r-y I ' _ I _ " - , 1 

; I - , ' '- \ I " / \ - \ , l \ ',. ' - I ~ I \ .,... I I I ' - ; I I \ ; / 

....... 
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ll;m 82.-Section of irregular oxidized part of a mixed sulphide ore body, 50 
l!tabove second level of Moyer m ine. Illustrates removal of tine during oxi-
1ltion 

actically in place, staining lead carbonate or siliceous 
~ogue, or forming comparatively pure masses. The 
oportion of iron that remained as oxide depended 

;pon the supply of oxygen and the concentration of 
o and sulphate radicles in the water. 58 The remain

.er of the iron was carri d downward as ferric and 
~11!'ous sulphates . 

Galena alone begins to oxidize more r adily than 
!!her zinc blende or pyrite, but it is surrounded almost 
:mmediately by a relatively insoluble coating of lead 
mlphate and carbonate, which so r etaxd its further 
.~ompo ition that it is the last of the con picuous 
mlphides to be d troyed; it th ref ore commonly occurs 
· residual nodules in otherwise completely oxidized 
e. The ease with which it begins to o ·idize may 

•u. 8. Oeol. Survey Mon. 12, pp. 376, 389, 398, 547, 6.50, 556, 557, 560, 1886. 
' PosQjak, Engen, and Merwin, B. E ., The system FesOrSOrBsO: Am. 
~- Soc. Jour., vol. 44(2) , p . 1992, 1922. 

account for the small quantitie of cerusite and angle
site that line vugs and fracture at orne di tance from 
oxidized ore bodies, and al o for the large mas es of 
the lead-iron sulphate plumbojarositc that are found 
below the shoots of lead carbonate. 

By far the greater part of the lead in the original 
galena was converted to sulphate by reaction with sul
phuric acid or ferric sulphate and depo ited without 
appreciable change in position. The sulphate, however, 
was readily attacked by the excess carbon dioxide in 
the descending water and converted into the even more 
insoluble carbonate. The behanor of lead and of zinc 
during oxidation was thus extremely different, the one 
remaining almost wholly in place and the other being 
entirely removed. 

Bismuthinite, present in the intergrowth "lillianite," 
behaved like galena, inasmuch as it soon became 
coated with the insoluble carbonate, bismutite, and 
oxide, bismite, which protected it from further rapid 
oxidation. cattered residual nodules of "lillianite" 
are present, therefore, in otherwise thoroughly oxidized 
ore. These oxidation product contain little or no sil
ver , which must have been removed in solution from 
the argentite of the " lillianite," presumably as ulphate. 
Argentite elsewhere was oxidized to sulphate and car
ried downward to some extent, but the alkali chlorides, 
bromides, and iodides in the des ending water promptly 
reacted with part of it and cau ed its deposition as 
horn silver . 

Gold also was di olved and carried downward to a. 
considerable extent, particularly in the veins, where con
centration of primary gold was greatest. The best
known agent for the ol u tion of gold in nature is chlorine, 
generated by reaction between hydrochloric acid (or 
alkali chlorides~) and manganese dioxide, as explained 
by W. H. Emmons.60 Manganese is present through
out the district in the porphyries and in manganosider
ite, and it is converted to one of its black oxides in the 
same general way that ferric oxides are formed in the 
oxidized zone. As water containing chlorides descends 
from the surface and comes into contact with the man
ganese oxides chlorine is generated and readily takes 
gold into solution. The removal of gold from the oxi
dized zone therefore takes place after the processes of 
oxidation are rather well advanced, and the amount 
removed depends upon the opportunity for free chlorine 
to form. Gold may al o have be n dis olved and 
removed by other processes that are not yet understood. 
Where the upply of chlorine or other di solving agents 
was d ficient the gold r emained a residual specks in the 
thoroughly oxidized ore, and by partial removal of 
other :~p.etal and gangue the content of gold remaining 

oo Emmons, W. B., The agency of manganese in the superficial a lteration nnd 
secondary enrichment of gold deposits in the United States: Am. Inst . Min . Eng. 
Bull . 46, pp. 789-791, 1910. 
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may ha e been rai ed t o cornm rcial grade. The char
acter of the richer gold ore however, indicat that 
mo t of it is there ult of concentration by 1 a hing and 
redepo ition. 

REDEPOSlTIO A PRODU T OF OXIDAT10. 

Redepo ition in the oxidized zone ma take place 
by hydration and oxidation of the solutions, d icca
tion or evaporation replacement of the wall rock, and 
reaction betw en different solu ion . The first proces 
as already stat d, ha b en important in the deposition 
of lead carbonate of iron oxide in th place of original 
pyrite, and, along watercourse , of iron-manganese 
oxides in place of mangano iderit , and it ac ount for 
certain minor minerals; the econd account for the 
exceptional depo its of copper ulphate in the Ibex 
mine, for crust of calcite along cavities in oxidized 
ore, and for accumulations of u h soluble ulphates 
as m lanterit , go larite, and ep omite in mine work
ings; the third account for the principal depo it of 
zinc carbonate and to orne extent ford posit of iron 
and manganese oxides, as well as for" contact matter''; 
the fourth account for native silver and gold and 
may have contributed to the depo ition of zinc-bearing 
clays. 

As th oxidation of the sulphides took place in 
stages, the redepo ition of mat rials may b onven-
iently considered in corre ponding tage . 

ZINC CARBONATE STAGE 

Where the water, after taking zinc sulphate into 
solution, became locally upersaturated through des
iccation, while still in the ulphide body or in a por
phyry ill beneath the sulphide body, goslarite was 

· formed (and is b eing formed) as a lining of :fi sures and 
<>ther openings. uch depo its are only temporary, 
being redis olved ooner or later by un aturated 
waters. 

Where the watei pass through the sulphide bodies 
into underlying rocks two sets of conditions may be 
considered, according as this rock is siliceou or car
bonate. Each of these set of conditions may be 
subdivided into two pha es-one in which the free ul
phuric acid and ferric sulphate have not been ex
hau ted and one in which they have been exhau ted. 
If the underlying rock is serioitized porphyry, and sul
phuric acid and ferric sulphate are present, either or 
both of these reagents will tend to decompose the ser
icite and any unaltered feld par in the porphyry, taking 
into olution silica and sulphates of alumina and alka
lies. The alumina and silic·a will tend to be precipi
tated again, perhap without having traveled for any 
~on iderable di tance, as kaolin or material of imilar 
~omposition and appearance. This proce will al o 
cau e the depo ition of an indefinite amount of zinc 

and result in the formation of zinciferou cl 
Whether th zinc i depo ited imultaneou ly with:· 
other mat rial as a primary constitu nt of the clay 

0 

through the replacement of aluminum in clay pre~~ 
ou ly .depo it d i an open. question. It een1s prob. 
~b~e tha~ where th~ zmc m uch clay is abundant 
1t 1 a pnmary onst1tuent, and that whore it is spar. 
ingly pre nt it i ither th r ult of replacement or 
a primary constituent of clay depo ited from a olu
tion poor in zinc. The origin of the iron and mnn
gan · oxides locally present in these lay i ob cured 
by their earegation, ince th ir depo ition, into patches 
and tr ak . They, like the zinc, may have been 
original or secondary (adsorbed) constituent of t.he 
clay. Under all the e uppo itions the precipitation 
of aluminum and zinc compounds from olution may 
imply the liberation of a corr ponding amount of 
sulphate radicle and the ren wal of sulphuric acid capa
ble of di olving new portions of the rock and tending 
to repeat the proc s until the water it elf should 
become exhausted or hould reach ground-water level. 

Where the entire proce has taken place within the 
porphyryma s, the zinciferou clays are cattered along 
:fissures and minor fractur ; where the waters contain
ing the constituents of the clay in olution pas ed 
through the porphyry into carbonate rock, the clay 
was deposited through metasomatic replacement, the 
siz and hape of the depo it dep nding on the relative 
opennes of fractures and b dding planes and on the 
amount of clay material introduced. The chemical 
reactions in ol ed in this replacement w re similar to 
tho e which produced the abundant "contact matter." 

Thi proces account for the low-grad iliceou and 
argillaceou zinc ore like that at the ba e of a porphyry 
sill in the Belgian mine. ( ee :fig. 26 . ) This ore 
contains veinlets and vugs lined or filled with calamine, 
which was depo ited with and ju t after the clay and 
appears to represent the exce s of zinc over that which 
could bo contained by tho clay. The opal and chal
cedony closely a sociated with the calamine repr ent 
a further excess of silica. The presence of calamine 
appears also to indicate that sulphuric acid and ferric 
sulphate had become exhausted, and that zinc sulphate 
in the neutralized solution, concentrated by depletion 
of the water, could not remain in solution in the 
presence of an excess of silica. The abs nee of any 
conspicuous amount of smithsonite in this deposit is 
noteworthy as an indication that carbon dioxide was 
a very minor constituent of the solution that introduced 
the zinc. The presence of a few micro copic needles 
of aurichalcite as ociated with the calamine and chal· 
cedony also points to the scarcity of carbon dioxide, 
as it i probable that the basic carbonate of zinc are 
depo ited when there is no exces of carbon dioxide .. 

It is known that sodium carbonate produces a ba IC 

arbonate of zinc when added to zinc ulphate; on the 
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berhand, odium bi arbonate yields a normal carbon
, Ra.ikow 61 showed that an exc s of carbon dioxide 
ste. h dr "d f · · h l illosforros the Y OXJ o zmc mto t e norma 
r~~bounto . 
'U t.he desc nding waters on pa ing from the ul-
~ide bod into under! ing porphyry have been de
~ ed of their free sulphuric acid and ferric sulphate, 
: doubtful if any considerable replacement of the 
\u rock can occur, at least until the waters become 
~cent.rated through depletion or adsorption by wall 

. material. It seems unlikely that the difficultly 
,~ub le minerals of the porphyry can be readily re
:~ced by interchange with the ea ily soluble sulphate 
Jziuc, and no indication of such a process has been 
:oted. It seems probable, on the other hand, that 
'lCh a solution will pas through the porphyry until 
(!I)Und-water level is reached, or until concentration 
lrthe above-mentioned factors causes the deposition 
· uoslarite, or of calamine in the presence of u ffi.cient 
~ca, or of zinciferous clay in the presence of alumina 
lfll ilica. The alumina and itica would pr umably 
.1ve been derived chiefly from gangu e material within 
ihe ulphide body and from porphyry above the ore 
~Y- Workable d posits of alamine with more or 
1 zinciferou clay could be formed in this way where 
tlc • ive fracturing of the porphyry would afford an 
·pportunity. It is po sihle also that in uch places 
:orne of the shattered porphyry could be replaced by 
h mineral if the olutions were sufficiently con
!llllrated, but no such depo its in porphyry have been 
oo ed at Leadvill . The same comments apply to 
lllutions passing through thick mas es of ja peroid or 
1uartzite. 
U the solution with a high content of zinc should 

through the porphyry or other siliceous rock into 
rbonate rock, deposition of the zinc as carbonate by 

replacement would be possible, and the proces would 
~ analogous to that described below. 
Where the olution passed directly from the ulphide 

llldy into carbonat rock, ither mangano iderite or 
~lomite., and contain d an xc of ulphuric a id 
IDd ferric ulphate the ulphuric acid would at once 
~ neutraliz d b r action with the carbonat . If 
!ree oxygen were a! o pr ent in solution, a corr pond

amount of ferrou ulphate formed by the reaction 
rould be oxidiz d to ferric sulphate, and thL together 
~th ferric sulphate aheady in solution would react 
Imber with the carbonat rock and be precipitat d 
·fmic hydrate, a or ding to the following equation: 62 

Fe,( 04)s+ 3(Fe Mn, Mg, Ca)C0s+3Hz0= 
2F (0H:1) + 3(F e, Mn, Mg, a) o. + 3 0 2 • 

'Ralkow, P . ., Weitere ntersuch ungen ilber dlo Einwirkung der Kohlcn-
aur die llydroto der Metal! : Chern. Zeitung, vol. 31, p. 55, 1907. 

,'l!eigen, W., Beltrage zur Kenntn is des Kohlensauren Kalkes: aturforsch. 
''"til Frelburg im Brelsgnu Ber., vol. 13, p. 76, 1903. The equation given above 
llfapted from one given by Meigco, in which Ca o, Is the only carbonate repre

lbl. 

The ferric hydrate thus form d would, by gradual 
los of a part of its water, be gradually transformed 
into one of th hydrou oxid and thu account for a. 
part of the iron oxide in the layers that separate the 
lead carbonate topes above from the zinc carbonate
, topes below. If the supply of oxygen were ufficient, 
manganese hydroxide al o would depo it along with 
that of iron. The carbon dioxide form ed by thi reac
tion would augment the small amount aheady pr ent 
in solution . 

If .aluminum sulphate were pres nt in considerable
amount it may have reacted in the same manner as 
the ferric ulphate and have been precipitated in the 
presence of sufficient silica to form kaolin or imilar 
compounds. The greatest argument for thi r eaction 
is the intimate association of kaolin with iron oxide in 
the layers ju t mentioned. Th re i also evid nee
that small amounts of alumina, now present as pockets 
of zinciferous clay in zinc carbonate ore, were formed 
at a later stage. The precipitation of the silica in the
kaolin may be attributed to the mutual ab orptive
tendencies of colloidal silica and ferric and aluminum 
hydroxid . More or less zinc may have been removed' 
from solution by the same influence at thi time. The-
olution, after being depleted of free sulphuric acid 

and ferric sulphat , would meet the same conditions 
ru tho e considered in the next paragraph. 

Where the solution had b com depleted of free· 
sulphuric acid and ferric sulphate b efore reaching the
carbonate rock, no layer of ferric oxide and kaolin. 
would be formed at fir t but r placement of the car
bonate rock by zinc carbonate would occur. Thi 
reaction has u uall b en explain d by th impl e
equation 

Zn o. + CaCOs = ZnCOs + CaSO., 

zinc carbonate being precipitated as smithsonite and 
calcium sulphate pas ing off iu solution. Thi r eaction, 
however although it pla an important part in the
proc , i not sufficient to explain the entire metaso
matic proc involved in the deposition of the Leadville 
?.inc carbonate or . Dir ct replacement of calcium, 
magnesium, and mangan e carbonates by zinc car
bonate in olves a large amount of shrinkage; similar 
replacement of iron carbonate involves less but till 
considerable shrinkage. orne of the Leadville zinc 
carbonate ore of the fu:st tage ( ee p. 231) presents. 
orne indications of shrinkao- , but thi i so much 

ob cured by later pro'cesses of leaching and cavity filling 
that its amount can not be even approxim~tely meas
ur d. Oth r pecimen ofthegrayorewhichshowlittle 
or no evidence of leaching contain no pore spaces large
enough to be det cted with the high powers of the
micro cope, and the only evid nee of shrinkage is the 
pr nc of mi ro c pic fracture containing veinlet 
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of smithsonite. The metasomatic process in thi ma
terial, as hown on page 232, evidently proceeded by 
infiltration of the olution along the boundaries of the 
original carbonate grains and replacement of them 
from the boundaries inward, leaving a very small 
amount of indeterminable material (unreplaced car
bonate~) in the center of each grain. The only 
conclusion warranted bv such inconsistent evidence 
is that some shrinkage. may have occuned during 
replacement but was not everywhere so great as that 
which would result from direct molecular replacement 
of dolomite or mangano iderite by zin carbonate. 

This problem in meta omati m has been discus erl 
by Lindgren,63 who states: 

Replacements of limestone by smithsonite within the rigid 
rocks are quite common, and in this case the mineral often re
produces exactly the texture of the original rock, even to the 
most minute details; the resulting secondary zinc mineral is 
compact and at least not more porous than the original limestone. 
If this replacement were effected according to a chemical equa
tion, be it by substitution of zinc for calcium in carbonate 
or by interchange of t~inc sulphate and calcium carbonate, a 
reduction in volume should necessarily be expected. It does 
not take place provided the metasomatic action goes on 
within the mass of the rock it elf. 

It is therefore nece sary to look to the mineralogic 
evidence in the ores for uggestions as to the metaso
matic proces e that took place. This evidence, pre
sented in the ore descriptions , shows that both man
ganosiderite and dolomite were replaced by the gray 
zinc ore, also that after replacement of mangano ider
ite by ferruginous smithsonite had ceased fractures 
and other openingS were partly or completely filled by 
smithsonite relatively free from iron. 

The descending zinc solutions, depleted of free ul
phuric acid and ferric ulphate and most or all of their 
alum.ma, contained principally zinc and ferrous iron, 
with minor amounts of manganese, alkalies, and alka
line earths, chiefly as sulphates and to a minor extent 
as bicarbonat . ilica was al o present. The con
ditions of chemical equilibrium that exi t when so com
plex a solution attacks the complex carbonate rock 
manganosiderite can be only roughly inferred from 
experimental data on relatively simple solutions and 
compound . Lack of solubility is the predominating 
factor in determining the order of separation of the 
products of such a reaction. 54 The composition of the 
gray ore is proof that under the conditions here dis
cussed zinc carbonate was the least soluble product. 
It is therefore concluded that the zinc in solution as sul
phate replaced the bases of the manganosiderite, and 
that the zinc in olution a bicarbonate was also pre
cipitated. Precipitation of zinc as smithsonite thus 
proceeded either until the manganosiderite was com-

u Lind~ren, Waldemar, The nature or replacement: Econ. Geology, vol. 7, p. 
530,1912. 

"1obnston, John, and iggli, Paul, The general principles underlying meta
morph ic processes: Jour. Geology, vol. 21, p. 506,1913. 

pietely replaced or until the zinc in solution became 
exhausted. 

Any shrinkage due to r placement by reaction b 
tw en zinc sulphat and manganosid rite is believed~ 
have been compen ated by imultan ous precipitatio~ 
of the zi~c carbonate from olution, .as long a the up. 
ply of zmc and the carbonate radiCle remained. rr 
the supply was insufficient to comp n ate fully for 
shrinkage, a corr ponding amount of shrinkage pace 
in the gray or must have result d. This pace may 
later have been :filled by precipitation from a ne~ 
supply of solution, or modified, if not obliterated, by 
the effects of oxidation. 

The con tituents removed from the mangano iderite 
thus became, with the sulphate radicle, th principal 
constitu nts in solution and were presumably remo1 ed 
from the mangano iderite zone. Whether or not t.hey 
could have reacted with and replaced dolomite (Blue 
or White limestone) is a que tion on which therei no 
definite vidence. The manganese and magn ium in 
the mangano ideri te were evidently more soluble, or 
replaceable, than the iron, as shown by compari on of 
the analyses on page 236. 

Certain experimental data s em to indicate that 
iron carbonate is not replaceable by zinc carbonate; 
Knopf, 65 in hi d scription of zinc carbonate deposit 
at erro Gordo, in the Inyo Mountains of California, 
cites xperiments by R. C. W lls that howed fer rous 
carbonate to be less soluble than zinc carbonate. More 
recent experiments by Mr. Wells 88 have shown that 
the relative olubility or precipitability of the two car· 
bonates differs according to the pr cipi ant used. 
Thus if sodium carbonate is added to a sulphate solu
tion of the two metal , zinc carbonate is precipitated 
before iron carbonate; if sodium bicarbonate i used, 
the order i reversed. The precipitants, or replaced 
compounds, of the Leadville zinc ore w re carbonates, 
not bi'carbonates, and this fact may b of . orne iguifi
cance in the light of Wells's experiments. 

That both zinc and iron and po ibly manuanese 
are similarly precipitated by magnesium and calcium 
carbonates is shown by the composition of the zinc 
carbonate ores which have replaced dolomite. 07 In this 
case zinc, iron, and manganese carbonates were pre
cipitated together, in varying proportions, which 
depended, no doubt, on their proportions in the solu
tion. 

This isomorphous character of the carbonate ore is 
of interest. The fact that the gray carbonate ore, 
although free from visible microscopic inclusions of 

"' Knopr, Adolph, Mineral resources or the Inyo and Wllite mountains, Calif.: 
U. S. Geol. Survey Bull. 540, p. 107,1914. 

"Personal communication. 
"No unoxidlzed carbonate ore replacing dolomite was seen by the writer at 

Lead v!Ue, but the ferric and manganese oxides in the brown ore are mosUy or 
wllolly the result or oxidation in place or gray (ferrous) zinc carbonate. I~ tbe 
Tintic district, Utah, gray zinc·! ron carbonate ore replaces practically pure hm~ 
stone (Loughlin, G. F ., Econ. Geology, vol. 9, pp. 2-3, 1911) . 
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11180ganosiderite, contains about 14 per cent of ferrous 
(Sl'bonate and_ smaller amounts of manganese, mag
nesium, and hme carbonates suggests that replace
fllent of these carbonates by zinc carbonates can 

1
stend up to a certain limit . but not to their complete 
elimination . The arne feature may have been shown 
by the ore that replaced dolomite or limestone, but 
oridation has obscured the evidence. The ratio of 

18lciurn carbonate to other carbonates in these ores 
~misleading, owing to the pre ence of calcite as :fillino-s 0 

Mractures and vug of later origin than the replace-
fl!ent ore. 

The progre s and behavior of the solutions after 
depo ition of the zinc carbonate could not be ade
quately tudied underground, as the mine workings 
do not generally follow watercourses beyond the limits 
of ore bodies. The few such watercourses seen were 
Hsined by iron and mangane e oxides, but these 
could hardly have been depo ited directly from the 
nters that deposited the gray zinc ore. The waters 
after the replacement of manganosiderite must have 
contained principallyferrou and manganous sulphates 
rith some magnesium and small amounts of everal 
oher elements. It i possible that they could cause 
areplacement of dolomite by mangano iderite, but no 
such replacement is known, and it is doubtful if they 
rould cau e any other chemical action. They would 
pr umably pas on to ground-water level, if they had 
~ot already reached it, and enrich the ground water 
m ~ulphates. The relation of ore depo ition to 
~~und-water level is discussed on page 245, where 
11 1 concluded that the gray zinc carbonate ore'' as 
deposited close to if not below water level. In this con
nection the following statement by Lindgren 68 i of 
mterest : 

Replacement by equal volume demands the nicest balance 
betw:en solution and precipitation and takes place when the 
rock IS permeated by tagnant or slowly moving solution . 

These condition are ati fied below ground-water 
level and probably in the zone ju t above it. In arid 
rrgion imilar repla ement d po its are found well 
above the pre ent !ITound-water level and ar to be 
attributed ither to the xist nee of a higher water 1 vel 
when r placem nt occurr d, to local impounding of 
water above an impervious stratum, or to gradual 
absor~tion of the d c nding waters by th rock, with 
res~ltmg slow movement and upersaturation , thus pro
ducmg conditions of chemical equilibrium entially 
the same as those already considered. The abundant 
pre~ipitation at Leadville and the pr ence of sulphide 
hodi.es above gray zinc carbonate ore favor the conclu
~on that deposition of the zinc carbonate bodi on 
Ca~bonate Hill below the surface of ground water was 
qUite possible. The ground-water 1 vel, in fact, may 

li~~lndgren, Waldemar, Tbenntureofreplacement: Econ. Geology, vol. 7, p . 531, 

have aided the geologic tructure in the concentration 
?f the e great bodie . In other place -for example, 
m Iron and Rock hill -depo ition took place above 
the water lev 1, the concentration and th ize of the 
ore bodies being determined by the amount of zinc 
and other elements in solution and by the ro k struc· 
ture which influenced the rate at which the olutions 
descended and the degree to which they ould perme
ate the rock. 

IRON-MANGANESE OXIDE STAGE 

The econd stage of oxidation wa primarily char
acterized by oxidation of the pyrite in the pyritic and 
mixed sulphide ores. Thi generated new upplies of 
ulphuric acid and of ferric sulphate, which wa in 

large part immediately convert d into limonite (brown 
iron ore) and depo ited in the place of the pyrite. Th 
porous character of the or and the open character of 
the watercours de-.;oeloped durino- the first tao-e had 

. b b 

given oxygen much readier acces to the or bodi than 
was possible at the beginning of that stage. The fr e 
sulphuric acid and the ferric sulphate that remained in 
solution were carried downward into zinc carbonate 
ore or carbonate rock, ith r directly or through ili
ceou~ rock, and react d as in the first stage. The ja -
peroid floors of ore bodies and tlie underlying quartzite 
or porphyry became tained with brown or red iron 
oxide. Where the waters reached the top of zinc 
carbonate ore bodies the acid wa neutralized and the 
ferric sulphate reacted in the manner explained above 
(p. 265), replacing zinc carbonate with ferric oxide 
which supplemented the layer form d during the fu'St 
sta~e.. The dissolved zinc was carried farther along 
until It could be redepo ited by replacing carbonate 
rock. 

Where the sulphuric acid and ferric sulphate de
scended into manganosiderite, the acid reacted to form 
ferrous and manganou sulphat , ~hich in the pr -
ence of oxygen were promptly converted into addi
tional ferric and manganic ulphates. The e too-ether 
with the ferric sulphate ah·eady present reacted with 
~he remaining manganosiderit which wa replaced by 
ll'On and mangan e oxides, or "black iron." 89 Where 
the mangano iderite was entirely replaced before the 
upply of ferric and manganic ulphates became ex

hau ted the adjacent Blue or White limestone was 
similarly replaced. Although manganese oxide is not 
o insoluble a iron oxide, the abundance of carbonate 

rock generally cau ed the two to deposit before the 
~anganese could be carri d appreciably onward; but 
m a few place a partial separation took place and 
re ulted in th depo ition of manganese ore relatively 
free from iron. None of th e high-grade manganese 
depo it were acce sible to the writers, and no further 

"Since this statement was written, interesting data have boon published by 
0. -'•· Thiel (Tho precipitation of manganese from meteoric solutions: Am. Jour. 
Sci., 5tb ser. , "ol. 7, pp. 457-472, 1924) . 
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di cu ion of the s paration of manganese from iron i 
therefore attempted. 

Chal opyritc, though probably more readily oxidized 
than pyrit , wa in part protected for a time by in
do ing pyrite, but when once oxidized into oluble 
ulphate it wa carried downward about as r eadily a 

zinc. Where copper was unusually abundant, as in 
ome of the Ibex d posits, the d c nding water became 
upersaturated and deposited copper sulphate in com

mercial quantity in the lower part of the oX:idized zone; 
but where silica taken into solution from porphyry was 
also abundant, small amounts of chrysocolla were 
formed, and where the solution reached limestone or 
zinc carbonates one or more of the copper carbonates 
could be formed either through replacement or as a 
cavity filling. 

LEAD CARBONATE STAGE 

Oxidation of galena for the most part followed that 
of pyrite. The waters by thi tim were bringing 
comparatively little sulphuric acid from the overlying 
siliceous rocks, and the proportion of carbon dioxide in 
water from th e rocks, especially in water that had 
passed through limestone before r eaching the ore, was 
relatively high. Under these condition roo t of the 
lead sulphate derived by oxidation of galena was 
quickly changed to carbonate and deposited without 
appreciable di placement. For thi reason hoots of 
lead carbonate are commonly found ttt the top of oxi
dized ore zones. Occasional deposits of white ceru-
ite free from iron were derived either from pure 

masses of galena or from mixed sulphide from which 
iron was entirely leached; but for the most part the 
oxidation of pyrite inclosed in galena and the iron 
oxide left by pyrite that had already b een oxidized 
caused the cerusite to contain appreciable quantities 
of iron. 

The changing oflead sulphate to carbonate added 
an equivalent amount of ulphuric acid to the waters, 
and thi water retained ome lead and iron sulphates 
in solution. If the concentration of lead was sufficient 
the basic lead-iron sulphate, plumbojaro ite, · was 
formed as soon as the acid became neutralized by re
action. This mineral and other minerals of the jaro-
ite group and their relations to one another have been 

too seldom seen by the writers to warrant a positive 
statement regarding their origin. As they have been 
found mainly between the shoots of lead carbonate 
and underlying masses of iron oxide, they may have 
been deposited in part before the iron oxide and in 
part as a replacement of iron oxide. According to 
Posnjak and Merwin, 70 a basic ferric ulphate 
(3Fe20s.4 Oa.9H20) close to jarosite in composition is 
depo ited from the more concentrated solutions and 
ferric oxide from the more dilute solutions. It may 

" P osnjal<, Engen, and Merwin, H. E ., op. ci t., pp. 1992-1993. 

be, th refor , that ba ic ferric sulphat and jarosit 
were depo ited befor ferric oxide. It i also pos ible 
that the waters after depo iting lead carbonate were 
able to react with ferri oxide and replace it wit~ 
plumbojaro ite, and they may also have replaced other 
minerals of the jaro ite group by plumbojaro it e. These
reaction Vi ould account for the irr gular lead content 
of thi material. 

PRECIOUS-METAL STAGE 

The oxidation of argentite evidently took plat:e at 
a late tag , probably because this mineral was o well 
protected by galena and pyrite. Its first oxidation 
product, th sulphate, wa oluble to a con iderable 
degree, but wh re it came into contact with dis olved 
chlorides, bromides, or iodides, the si lver was precipi
tated as the highly in oluble horn silver (principally 
cerargyrite and embolite), a coatings on lead carbon
ate, jasperoid, iron oxide, and other oxidation products, 
or more commonly a micro co pic particles di eminated 
among them. The position of much of the richest ore 
indicates that a little downward concentration took 
place before depo ition of the horn silver. 

ilv r ulphate that did not r act with chlorides wns 
carried do\ nward to the lower part of the oxidized 
zone and r deposit d as native si lver, or into the ul
phide zone and clepo it cl a native ilver and econd
ary argentite. The chi f pr cipitating agent in the 
low r oxidized zone, where free oxygen was scarce or 
absent, wa evidently ferrou ulphate in solution, 
which wa cha.nged to ferric sulphate while the ilver 
wa reduced to native metal.71 Cuprou sulphate 
produced imilar r ults where it was present in note
worthy amount. ome native silver formed in this 
way may have been later converted to chloride as the 
process of oxidation continued, and that which escaped 
uch change i near the bottom of the oxidized zone. 

The same reaction best accounts for the native silver on 
pyrite, galena, and blende, described by Blow (p. 259 1. 
The prob~ble r eactions involved were as follows: 

(1) 4Ag2 0 4 + 8Fe 0. = Ag+4F~( 0,)8 

(2) 4Fe2( 04)s+ Zn +4H20 = Zn 0. + FeSO.+ 
4H2 0, 

(3) 4[H2 04 + ZnS 7 ZnS04 +H2SJ 
(4) 4[H2 +Ag2SO. =Ag2S + H2SO.] 

and the net result 

( 5) 8Ag2SO. + 5Zn + 4H20 =SAg+ 4Ag2S + 5ZnSO, + 
4H2so. 

According to these equations, native silver is depos
ited nearly twice as rapidly as the zinc blende (or 
other sulphide) is removed; furthermore, the supply 
of ferrous sulphate is renewed as fast as it is consumed, 

" Stokes, H. N., Experiments on tbe solution, transportation, and deposition of 
cooper, silver, and gold: E~-on . Geology, vol. 1, p. 649, 1906. 
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and the ulphuric acid generated may in the ab ence 
of carbonate gangu e react with zinc blende or galena 
and produce hydrogen ulphide, which can reducP. 
additional silver ulphate to the ulphide, argentite, 
and renew the sulphuric acid. Although imilar re
duction by direct reaction with zinc blende or galena 
·, t.heoretically possible and would agree with the net 
r ult of the above reactions (equation 5), Palmer and 
Bastin found little or no evidence of it , and convinc
ing indications of it in nature are surprisingly few. 72 

Direct reaction between silver sulphate and chalco
tile, however, readily produce native silver and ar
gentite, as shown by Palmer's experiment, and the 
high content of silver in some of the ores that contain 
considerable chalcocite is most probably due to this 
reaction. Similar direct reaction with chalcopyrite 
takes place les readily. These reactioru, which cause 
depo ition of econdary araentite as well as native 
~lver, are features of the zone of sulphide enrichment 
but are di cussed here in ord er that the oxidation and 
redeposition of ilver rna be conci ely pre ented. 

Where native ilver is found at the top of ore 
bod ie close by black hale , its reduction from sul
phate may have been caused by carbon in the hales. 73 

Precipitation of gold from acid chloride solutions by 
neut.ralization of the acid or by reaction with ferrous 
·ulphate at or below the bottom of the oxidized zone 
b&S b en hown by W. H . Emmon 74 to be a prob
able cau e of gold enrichment in many ore depo it . 
Palmer ' experiments 75 hav hown that gold i rapidly 
and complet ely precipitated from the chloride olution 
by chalcocite; al o by chalcopyrite and galena, on which 
he gold is depo ited a · a platino- and t ends to protect 
he mineral from furth er r ea tion. imilar depo ition 

took place more slowly on pyrit and till more lowly 
on zinc bl nde. Cleavage surface of blcnde were 
particularly r esistant to depo ition of gold . The 

ociation of gold and copper in orne of the depo it 
at Lead vi ll i thu explained a i the a o iation of 
gold wi th pyrite or galena in oth rs. The pr nee of 
rold platina r tal of zinc blende in p cim ns from 
he Ibex mine (p. 16 ) i l in accord' ith th resul 
of Palm r xp riment , and it may be that the depo-
~tion of aold was there due to r action with ferrou 
ulphate. which wa chang d to ferric chlorid and 

ferric ulphate. The ferric ulphate could attack zinc 
bien de according to q uation 2 on page 26 . 

Tho proce of gold enrichm nt in th L advillo 
district may ther fore be ummariz d a follow : 
Wherever the r eaction betw e n alkali chlorid and 
mangan Jioxide in the oxidizing zon liberated 
chlorin e, the chlorine di ol ed any aold pre nt, and 

" Emmons, W. H., op. cit. , p. 121. 
':Vogt, 1. D . L., Ueber die Blldung d Oediege n Sil bers, etc. : Zei tschr. prakt. 

Oeo!ogJe, 1 99, p . J 17. 
''Emmons, W. U ., U.S. Oeol. Survey Bull. 625, p . 321, 1917. 
• Palmer, Chase, and Bn ti n, E . S., op. cit., p p. 156-160. 

the r ulting gold chloride was carried do' nward in 
olu t ion. Where er gold chloride came into contact 

with undecompo ed sulphide above ground-water 
level, gold wa depo ited- most r apidly and completely 
by chalcocite and to the least degree by zinc blende. 
Where the gold chloride r ached ground-·water level 
gold wa-s precipitated by both forrou ulphate and 
the ulphides. Gold that caped attack by chlorine 
r emained es ntially in its original po ition , and the 
ore became emi hed by removal of sulphid nnd 
certain gangue matter by proce es of oxidation. 
Gold enrichment has thus taken place throughout and 
below the oxidiz d zon e, although as proce es in the 
oxidized zone approach compl tion the zon e of gr at

t gold enrichment descends low r and lower; but 
some of the rich bunche of gold, concentrated by 
reaction with ulphide or ferrous sulphate at an early 
tage, have evidently escaped re-solution and remain 

in thoroughly oxidized ore as flake and wire aold. 

FINAL STAGES 

After proces e involving ulphuric acid and ferric 
sulphate had come to an end, proce e involving 
oxygen and carbon dioxid became conspicuous and 
produced minor modifications and addition to tho 
oxidized or already form d. 

Oxyg n on r aching the gray zinc carbonate or 
oxidized th iron and manganese, causing the forma
tion of r d or brown ferric oxide and the zinc-manga
ne e oxide, h etaerolite; th zinc carbonate recr tal
lized in a r elatively pure tate. The iron oxid e, t o 
judge from the many pecimens of brown or ·tudied 
tended to r emain in place while the new mithsoni e 
and hetaerolite migrated hort distance to fractur 
and other op nino- to form dru e or omplet fillings . 

Thi proce shows that the mithsonite and h t
aerolite were to orne extent oluble in th olutions 
and that althouo-h they were for the mo t part quickly 
r depo ited, mall amounts of them may have been 
carri d for considerable di tances. The free carbon 
dioxide in the water also had a tendency to dis ol e 
the carbonate ore and carry the zinc as bicarbonate, 
the iron and manganese eparating out as oxides. The· 
combin d ffect of the oxygen and carbon dioxide was 
to add lightly to th slow downward migration of the 
zinc carbonate bodies and to thicken corr pondingly 
the la ers of iron oxid and clay at their top . After 
the exhau tion of cnrbon dioxide to a certain d gr e 
ilica be arne the activ acid radicle, uniting with zinc 

to form calamine, the latest of the mor abundant zinc 
mineral . The charact er of differ ent calamine aggre
gat how that the zinc and ilica were for the mo t 
part carried in olution and the calamine was depo ited 
in op nin!ffi a a r ult of supersaturation; on the other 
hand, r eplacement of smith onite by calamine hows 
that a part of th zinc wa d rived in pla and the 
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ilica introduced in olution. The ource of the ilica 
i to be referred e pecially to the porphyry o erlying 
the original sulphide bodies. mall amounts of silica 
may also ha e been derived from the gangue of th e 
ore bodies and from the original carbonate rock . 

The conditions of equilibrium governing the deposi
tion of calamine are not well under tood. It i evi
dent from paragenetic tudy that calamine can not 
form until smithsonite in it late dru y form, has 
finished crystallizing. 

This statement is upported by the experimental 
work of Wang/6 who found that calamine is solubl 
in water containing carbon dioxide and even more 
soluble in water containing bicarbonate of zin as 
well. On the other hand, it is also eyident that 
calamine can, under certain conditions, replace smith-
onite. Why smithsonite is the less soluble in one 

ca e and the more soluble in the other is not clear. 
There is no reason for upposing that silica was not 
present while the smithsonite was being depo ited. 
A reasonable inference i that crystallization of smith
sonite, once started, continued for a time after the 
equilibrium point was passed, and that the smithsonite 
was later redi solved by the now more stable calamine. 
Another conjecture is that as the solution, through 
prolonged permeation, became more concentrated, 
silica superseded carbon dioxide as the stronger acid 
radicle-in other words, wherea smithsonite was the 
more insoluble mineral in the dilute solution, calamine 
was the more insoluble in the concentrated solution. 

The occurrence of small amounts of zinciferous clay 
closely associated with calamine hows that the two 
were deposited at about the same time. These mR.ll 
amount of clay may be attributed to alumina, which 
is commonly present with silica in mine waters of the 
oxidized zone and was derived from the same ources; 
but in this case the occurrence of the clay as one of 
the latest minerals is rather surprising, especially as 
the waters that deposited it appear to have been 
practically free from ulphates. Some of the clay, 
however, has evidently r ulted from chemical precip
itation and sugge ts that aluminum can be held in 
solution until the waters become concentrated by 
evaporation or adsorption by wall rock, when, in the 
presence of silica. and zinc, it is precipitated as 
zinciferous clay. 

Another interpretation is that the clay was in reality 
precipitated at an earlier stage and carried in suspen
sion for indefinite distances until finally it was depo -
ited in openings where the waters became stagnant, 
the zinc content being due to replacement of the alu
minum in the clay. This suggestion could be applied 

"Wang, Y. T., The formation or the oxidized ores of zinc from tho sulphide: 
Am . lost. Min. Eng. Bull 105, pp. 1988-1991, 1915. 

to the clay fillings in fractures and~ ures. uch fill. 
ing may have been formed durmg the precedi 
( ulphate water) stages, and if they were the chemist 
of deposition could be rcga.rd d as generally simi(Y 
to the process outlin din the preceding pages. T~: 
nodules of native opper found on the fifth level f 
the Ibex mine were also formed by replacement of ciao 

Failure to find an con picuous occurrenc of hydr~ 
zincite pre nts an adequat discu ion of it place 
and igni:ficance in the g n i of the Leadville deposits. 
In the Tin tic zinc ore 77 hydrozincite as a rule followed 
the drusy smith onite and therefore belonged to the 
same period of crystallization as calamine. This 
paragenetic relation i in accord with experimental 
evidence/8 which shows that when an exces of carbon 
dioxide is present in solution the carbonate of zinc 
smithsonite, will crystallize, but that when carbo~ 
dioxide is not in exc s the basic carbonate, hydrozinc
ite, will crystallize. This principle applied to the 
waters at Leadville implies that as the solution dimin
ished in volume, owing to their spreading along frac
tures or to permeation through the ore bodies, they 
would lose their excess of carbon dioxide. mithsonite 
therefore would cease to form, and the remainder of 
the zinc carbonate would crystallize into hydrozincite. 
According to this principle, hydrozincite should be 
found coating druses of smithsonite and lining fractures 
below the limit of smithsonite depo ition, as described 
by Argall; 79 also as a local alteration product where 
water containing no fre carbon dioxide succeeded in 
cau ing recrystallization of mithsonite. 

The aurichalcite in the Ibex mine accord with this 
interpretation. It wa deposited at the arne time a 
calamine, and both were formed later than dru y 
srnithsonite. Evidently the solution, locally impounded 
in cavities in the ore, lo t its excess of carbon dioxide. 
The copper and a corresponding amount of zinc then· 
crystallized as the ba ic carbonate, aurichalcite, and 
the rest of the zinc went to form calamine. Any 
exces of silica over that required to form calamine 
was depo ited as opal, chalcedony, or quartz coating 
or inclosing the calamine crystals. 

After the waters had become depleted of zinc car
bonate and silicate calcite was deposited in mall 
amount, though only in a few places, as the final prod· 
uct of the third stage. As nicholsonite and aragon· 
ite were not found within the ore, they can not be 
assigned to a definite place in the sequence. Both 
minerals crystallized in openings in limonite and from 

"Loughlin, 0. F., Econ. Geology, vol. 9, pp. 3, 7, 1914. Where bydrotincltllin 
the Tin tic district alternated with drusy smithsonite, the later smithsonite 11'85 
evidently deposited from a new supply or solution, and this was in turn loiloll'ed 
by renewed deposition or hydrozincite. 

11 Raikow, P. N., Weitere Untersuchungen ilber die Einwirkungder Kohlens!!ure 
au! die Hydrate der Metaile: Chern. Zeitung, vol. 31, p. 55, 1007. 

"Argall, Philip, Min. Mag., vol. 10, llg. 4, p. 285, 1914. 
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roode of occurrence would appear to belong to the 
• __ ,,.,,.,...stage of deposition-that is, to the calamine

period-but their relations to calamine, hydro
aurichalcite, and calcite are not known. A 

econdary barite was also found at thi stage. 
,Uthough these minerals are the latest to be depos

the process of oxidation has obviou ly not ended. 
less stable minerals are being corroded or altered to 
stable forms, and the zone of oxidation continues 

enroach downward upon the sulphide zones. 
In this discussion no consideration has been given to 

oxidation products as pyromorphite, mimetite, 
other minor ore minerals, a too small quantities of 

have been seen to serve as a reliable basis for 

posited as sulphate, silicate, or carbonate (p. 268), most 
of it was carried downward ru sulphate until it came 
into contact with sulphide and wa depo ited a chal
cocite. o far as noted, chalcopyrite was the trongest 
precipitating agent and became coated or con iderably 
replaced by chalcocite while adjacent pyrite remain d 
unaffected; but where chalcopyrite wa incon picuous 
or ab ent, pyrite became imilarly coated. The 
concentration of chalcocite varied with the oppor
tunity for permeation of the primary ulphide or . 
In a few place it rais d the copper content from 
practically nothing to even~ol per cent, but for the 
most part, especially in the veins it was depo ited in 
thin coatings and treaks through a great di tance 
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FJGURB 83.-Tlme relations or geologic events in the Leadville district, with special reference to the oxidation or the ores 

rdinatina th m. Tho ·e which occur a fracture 
and vug linings in the mor abundant oxidized 

mu t have formed during a later stage than 
minerals, but their relations to other late minerals 

not known. This lack of information, however, 
not weaken the interpretation of the principal 

• '""'""'"""' of oxidation pr anted in this chapter. 

ECO DARY LPHIDE 

Discu sion of secondary sulphid has be n largely 
· in the pr c ding pages. The only con-

s condary sulphide is chalcocite. Although 
me of the copper deriv d from chalcopyrite was r de-

and hardly raised the copper content to the minimum. 
(2.5 per cent) for a copper ore. Films regarded as. 
covellite but too thin for determination were also 
depo ited upon the sulphide , particularly zinc blende. 

The reprecipitation of silver and gold by primary 
ulphid , and particularly by chalcocite, has already 

been considered. The questionable occurrence of ec
ondary galena a minute stalactite on sulphide ore 
in the Tucson mine may be noted, as well as the ab
ence of secondary zinc ulphide, either as wurtzite or

hlende. Where descending zinc olutions penetrated 
pyrite or mixed sulphide ore no reaction with it took 
place, but the adjacent carbonate rock wa replaced 
by smith onite. 
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AGE OF S PERGENE ALTERATION 

Although the allieraliion of lihe ore bodi is ontin
uing to-day, it was mainly accompli hed prior to gla
~iation of the region. The tim when proc of 
<>xidation were mo t acti e are r presented diagram
maliically in Figure 83. As the ores were dcpo it; d 
.at an approximate depth of 10,000 feet, a long time 
-elap ed before ero ion brought th m within the zon 
·Of oxidation. Uplift accompanied by major postmin
eral faulting lowered the ground-water le l and 
therefore hasten d the beginning of oxidation of th 
ore . That the main part of thi faulting preceded 
·Oxidation is hown by thA partial oxidation of the 
<lragged ore in the Mikado fault zone (p. 255), in 
-contrast to the complete oxidation of the or body 
irom which iii was dragged down. 

Oxidized ore at the bedrock urfa e on Fryer Hill 
is covered by unoxidized moraine of the la t alacial 0 

tage, but the oxidation of the high terrace gravel of 
the early tage suggests that the ore as w 11 11-s the 
gravel w re oxidized between these two stag . In 
the Downtown area however, " lake bed " that may 
belong to a till earlier tage lie ab0ve oxidized ores 
which are at an abnormally great depth (p. 249), and 
the depth b low water level i about equal to th 

thic kn of th ' lak bed " and high terrae 
ombin d. Thi · fact uggc ts that oxida/ gra,~l 
l b f

. d . . IOU took 
p ace c ore epo 1t10n of tho "lake bed " hi 

d h I 1 · ' w ch 
f
cau ef tth water ~vebl to ~·t e .and_ protect the or 
rom w· er appreCia OXidatiOn. It h al 0 b 
ugge ted that the abnormal depth of oxidation ,1een 
I · 1 d · t · · ·fi " lere g aCia epos1 are HlSJgru cant indicat a ge ll 

1 
. nera 1 

ower water level and a r latively dry climate p: • 
th 1 . l h 'rh . uor to e g aCia epoc . e ovid nco, though not b 

· lute .proof, points to the interval between the pr· a. o-l 
. . IUCtpa 

development of po tmm ral faults and th bea· · 
f 1 . 1 d' . ,lllnlng o g aeta con 1t10ns as the tim when mo t of tl 

oxidation of the ore took plac . 
16 

Little or no oxidation could oc ur durin()' th 1 · 1 . . . ., e g a· 
Cia tages when cu·culatwn of water m the oxidized 
zo~e wa topp d. The weathered condition. of mo. 
rarnalr mna~t of the ob cure first tage of glaciation 
and ~f t~e htgh t~rrace gra 1 proves that proc , 
of oxtdatwn were m operation during the interglacial 
tages, but the water level was then so high that the 

greater part of the unoxidized ores could not be 
reached. 

The general ab ence of weatherina in the latest 
glacia l depo it shows that oxidatio; in po talacial 
time ha b en unimportant. b 



CHAPTER 13. LOC L DE. CHIPTIO ' 

Data for local d cription of ore bodie are in gen
eral incomplet , principally becaus of the inacces ibil
itY of workings that were opened and closed between 
the earlier and later geologic survey . orne ore bodies 
or groups of ore bodie can be described in con ider
sble detail, but othe1 can not be described at all . 
The following descriptions present uch data as are 
8railable and will give, it i hop d, a fairly r epre ent
at ive ii only partial picture of the depo it . They are 
arranged from west to east and conform with the 
groups of ore bodies represented on Plate 45. 

CARBONATE HILL GROUP 

The Carbonate Hill group includes the ore bodies in 
the Downtown, arbonate Hill, and Graham Park 
area and is repre nted by column B to I , inclusive, 
of Plate 59. Were records of old workings more 
complete, they might how that the delaide group 
·. really part of th arbonate Hill group, separated 
from the r 3t by the Iron fault. 

DOWNTOWN AREA 

Ore bodies in the Downtown area have been mined 
at five contact , shown in column B of Plate 59 and 
in Plate 18. The most work has been done at the 
fust, beneath the White porphyr , and the second, 
ileneath the Gray porphyry beet in Blue lime tone. 
The others are j u t above and below the Parting 
~uartzite and in the "transition hales" abov the 
Cambrian quartzite. When e n by Emmon and 
Irving in 1902 the two upper contacts had been ex
le iv ly oxplor d, and mo t of the ore had b en 
mined from them. Aft r th unwatering of the Pen
·e haft in 1916 a larcre quantity of oxidized zinc, 

lead, and mancran -i ron or was mined by the Down
town Min o. uth of the Coronado shaft and 
r t of the Mida haft in th lo~ r pru·t of the Blue 
limestone and in th Whit lime tone, and a mall 
quantity in the underlying " transition hales," but in 
1924 th e operations wer u p nd d. Elsewhere 
there ha be n no production from the Downtown 
area ince 1907, except for a small tonnage of manga
nese.oxide ore from th first conta tin 191 . 

The fi t t contact follow uniformly the upper ur
face of the Blue lim tone,' hich i hown by cattered 
fragments of black chert to be pr ent in its full thick-
n ben ath the White porphyry. The contact ur
face is marked by many irregulariti and undulation , 
some of which are due to irregularitie in the original 
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intrusiv contact and s me to the di · tortion to which 
both ore bodies and porphyri have been ubj ted 
by faulting. In a small portion of th area ( e se t ion 
XII) betw en the Penrose and Coronado haf t the 
Gray porphyt·y ri cs to the und r urfn e of the Whit 
porphyry, and thor i locally no " fir t contact. In 
other pla es the single Gray porphyry beet that form · 
the "second contact" divides into sev ral branche , 
increasing the number of ore contact . Throughout th 
Downtown ru·ea the or of the fir t and econd conta t · 
depart les than elsewhere from their characteri tic 
po ition immediately below the porphyry h ct ·, 
although exceedingly itTegular protru ion cxtrnd 
downward into the lime tone from their lower ur
faces . 

The first-contact or - hav" been found in crreater 
amount in the southern portion of the area, and the 
second-contact or in the northern and ea t rn por
tions. The ab ence of the first contact in the north
eastern part of the area i due in om plac to th 
approach of the Gray porphyry to the White porphyr , 
a just explained, and in oth 1 pcrhap , to ero ion a 
shown on ctions I , II, III, IV, V, VI of Plate 1 . 

The only noteworthy vein en in th Downtown 
area i one connected with an oxidiz d r eplacement 
body that ha been mined 12 I et above the third 
lev 1 of the Penro e mine, outh> e t of the haft. 
Thi replacement body directly und rli a he t of 
Gray porphyry and extends foi· 2 0 fe tin a northea t
erly direction with an averacr width of 20 fe t and 
av rag thicknes of 5 fe t. The vein, which connects 
with the northw t id of th replacement body (fig. 

4), has an average thickness of 1 foot and extends to 
and below the fourth level but ha not been followed 
d eper. The ore mined from the replacem nt body 
consisted chiefly of iron and manganese oxide and 
silica with considerable lead and 100 to 200 ounces of 
ilver to the ton. The vein also was found to be 

highly iliceous and to contain considerable horn silver, 
but it could not be pr fitably worked. few other 
mall v ins have been reported beneath replacement 

bodi in the Downtown ar a, but they are on the whole 
carce and inconspicuou . 

Third-contact ore, lying directly on the Parting 
quartzite, has been found on the bench between the 
Pendery and Niles fault in the Wildcat, Bison, and 
Catalpa mines (section IV),· where the Gray porphyry 
appr ache within 60 feet of the Parting quartzite 
and th econd-contact and third-contact ores come 
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together. Third-contact ore has also been mined by 
the Downtown Mines Co. (section V and XII), as 
already stated. 

The presence of a four h ontact, beneath the Part
ing quartzite, had been demonstrated by 1902 in the 
Lazy Bill, Midas, jxth treet, and Coronado mines. 
In drill holes Nos. and 1 of the Coronado mine and No. 
2 of the Sixth treet mine (see section XII) this fourth
contact ore was found to extend completely through 
the White limestone down to the Cambrian quartzite. 
During 191 to 1923 the fourth-contact ore of the 
Coronado was mined by the Downtown Mines Co. 
In the Hibschle and Walcott min (section III) a 
large body of ore was found on a :fifth contact; it lay 
mainly in the "transition shales" at the top of the 
Cambrian quartzite but extended for a short distance 
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FI GU RE 84 .-Plao and section or oxidized ore body, with reeding fissure extend· 
in~ downward !rom It, Penrose mine. b'P. Gray porphyry; bl, Blue limestone 

into the quartzite its Jf. This ore body was in line 
with the northwestward projection of the Tucson
Maid reverse fault. Up throw along the Pendery fault 
brought it sufficiently near the surface to permit com
plete oxidation. 

All the ores mined on the :first three contacts in the 
Downtown district were oxidized, and the fourth-con
tact ores found in drill holes and in recent workings 
of the Coronado mine below the Parting quartzite 
were partly oxidized sulphides. The :first-contact ore 
bodies were, on the whole, the richest in silver, the ores 
of the second and third contacts had a slightly lower 
tenor in this metal, and the fourth-contact ores were 
prevailingly of low grade. How much of this differ-

ence wa due to oxidation and how much to differen 
in the original silver con t n t could not be determi c~ 
from the available data. ne 

A fairly good conception of th thicknes~es of th 
various blanket rna es may be gain d from a com~ 
parison of sections I to XII, Plate 1 . The ore bodi 
on the fir t contact were in general r latively thinn es 
than those on the second. The maximum thicknes~ 
for the econd-~ontact ore, 150 fe~t, was attained by 
the Coronado- n::th treet body Immediately above 
the ixth tr et drill hole No. 2 (section XII) 
Over most of th area the ore bodies of both contact~ 
ranged in general from 6 to 30 f et in thickness, with 
a thickening here and there to 60 feet and in a few 
places to nearly 100 fe t. The di seminated ore bodies 
in White lime tone in th ixth treet and Coronado 
mines were apparently much thicker and may have 
occupied the entir thickn of the White limestone· 
but recent developments in the Coronado showed that 
only parts of them could be profitably worked. In the 
Midas and Penro e they were thinner, being, respec
tively, 0 and 30 feet thick. The ore bodies on all 
contacts were much more ariable in thickn than 
is indicated on the generalized sections of the Down-
town map. 

CARBONATE HILL 

The number of contacts and the position and num
ber of intru ive bodies of Gray porphyry are the ame 
throughout the Carbonate Hill area as in the Down
town ar a, but the degr e to which mineralization hn 
affected the different horizons differs. In the western 
part of the area, just w t of the P ndery fault zone, 
the ore horizons are similar to those in the Downtown 
district, as shown in ection C, Plate 59; those in and 
near the Maid of Erin min , where workings have 
penetrated completely through the sedimentary rocks 
into granite, are repre ented by section D. 

On the northern slope of the hill, from the iles 
fault southeastward to the Maid of Erin mine, the 
principal ore bodie were found on the econd, third, 
fourth, and :fifth contacts in the vicinity of the Tuc
son-Maid reverse fault. A vein 4 feet in width was 
found on the 900-foot level, at the north end of the 
Maid-Combination shaft station, and was followed in 
the Lower quartzite for 42 feet upward from the level. 
It was :filled with loosely compacted sulphide ore, 
chiefly pyrite, but showed no galena or zinc blende; 
it had a high silver content (300 ounces to the ton), 
and 15 tons of ore was mined from it. This vein was 
not followed far enough to connect with the ore bodies 
above, but there can be little question that a connec
tion exists . On the third level of the Henriett-Maid 
mine another vein was found connected with the shoot 
th~t extends southeastward through the Mahala mine. 
This vein was reported to trend southeastward be
neath the middle of the ore body. It was not followed 
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1 1\'nward. Both of the e veins ·were near the Tucson-
uO h . 
\l~d fault, w ose eXJstence wa not suspected when 
ilieY were examined. 
Farther north, on the 450-foot level of the henango 

PJine, a pyrite vein a few inches thick was found in 
we !Iolden winze. It cro cut the Cambrian "transi
uonshales" and conn cted flat replacement ore bodies 
~ong different beds within the shale horizon. 

In the Halfway, Lower Henriett, New Waterloo, 
tlld !IaJ'ker No. 1 mines an immense body of ore occu
~ed the combined second and third contacts between 
ibe Gray porphyry above and the Parting quartzite 
Oclow and was followed downward to the southeast 
van incline from the Harker No. 1 shaft to the Maid

Combination workings. This ore extended down 
through the PaJ·ting quartzite and connected with the 
lourth contact below. Another body of ore occurred 
~eath the Parting quartzite in the White limestone 
111d e,xtended into and beyond the workings of the 
Henriett-Maid. None of these workings have ever 
Olen accessible to the writer (Loughlin), so th11t no 
letails other than the simple statement of the horizon 
~ occurrence and the outlines of the ore body shown 
c~ Plate 66 can be given. In the workings of the 
llaid of Erin mine little could be learned of the first 
«White porphyry contact, as the workings above the 
~y porphyry were inacces ible at the time of the 
uiter's visits. First-contact ore may therefore extend 
illther east than is indicated on the map. 

In the Henriett, Maid of Erin, Seneca, Surprise, 
fanderbilt, Clontarf, and Wolftone mines ore not only 
~peared at the same contacts as in the northwest 
!ron Hill region but more additional horizon were 
:illlld than at any other mine we t of the Iron fault. 
Jn immense shoot of ore extended southeast by east 
rom a point 50 feet west of the Seneca shaft t o and 
~yond the Wolftone shaft, a total distance of about 
! 00 feet. It lay in the transition shales at the top 
w he Lower quartzite and at its widest point showed 
1ridth of 330 feet. 
Within a roughly circulaT ar a, approximately 200 

' t in diameter, ju t north of the Maid-Combination 
.aft, the ore bodies on all contact w re so thick that 
ri h the single interruption ·of the Gray porphyr 
• eet in the Blue lim tone they formed a practically 
lid mass from the White porphyry roof to and into 
~e Cambrian quartzit . 
The ores of the first contact long inaccessible, in 
~ Maid of Erin mine appear to have been les ex
.. ively d veloped than tho e on the lower contact , 
t this may have been due to lack of records on the 

iler map . One of the most extensive ore bodies of 
· e mine lay at the fifth contact, beneath the Parting 
. artzite. Other l continuou bodies of great hori
~nlal extent occur beneath the second contact. An 
~lremely large ore body on the sixth contact, im
~~~liately above the Cambrian quartzite, extended 

from a point north of the eneca shaft into the lower 
workings of the Wolftone mine. This ore body at 
several places extended for some distance into the 
Cambrian quartzite. The ore bodies of the Maid and 
adjacent mines, which lie in one of the most thoroughly 
mineralized and most productive areas in the Lead
ville district, are shown on Plate 66. Too few obser
vations were possible in these workinga to permit 
further description of the details of occurrence. The 
ore bodies in the Maid of Erin workings are oxidized 
down to the base of the Parting quartzite, where 
the lead carbonate ores pass rather abruptly into 
sulphides; but the zinc carbonate ores have been ex
tensively mined in the underlying White limestone 
and locally beneath pyritic sulphide ore (pl. 66). 

STRAY HORSE DEPRESSION 

Obtainable information on the mine workings be
neath tray Horse and Little tray Horse gulches 
and the intervening tray Horse Ridge is meager and 
unsatisfactory. It is roughly represented in columns 
F and G of Plate 59. 

GRAHAM PARK 

General f eature .-The ground b etween Graham 
Park on the south and tray Horse Gulch ou the 
north ha been remarkably productive. The ore 
shoots extend from the workings of the Maid mine on 
the we t to the Mikado fault on the east, and most of 
them occur at great depth. Within thi tract the 
principal shafts are the Wolftone, tandard, Mahala 
No. 1, Mahala No. 3, Greenback, R. A. M., Cumber
land, Rialto (Pyrenees), Hunkidori , Gonabrod, Cy
clop , and Agassiz. Ore is found at more horizons 
than in any other area in the di trict except Iron Hill 
and East Breece Hill (Ib x) . In the Wolf tone work
ings on the w t there are ix ore horizons, but the 
number increa es toward the a t until in the R. A. M. 
mine there are a many as eleven. They are repre
sented by sections D and H, Plate 59 . They are in 
'part clearly related to the Tucson-Maid fault, and in 
part to a premineral fis ure zone clo ely parallel to 
the Mikado fault, as shown in the descriptions on 
page277. 

The horizons in the Blue lime tone form two series . 
One lies above the main White porphyry intrusion and 
is continuous with the upper bed which were so pro
ductive in the mall Hop mine and ad jacent territory 
to the north; the other lies below the main White 
porphyr intru ion and form an eastward continua
tion of the ore horizons developed in the Maid, Big 
Chief, and Castl View workings. 

The part of the Blue limestone above the White 
porphyry is in roo t places thin and is divided locally 
by minor sheet of White and Gray porphyry into two 
or more portions. Some of these portions are connected 
where the porphyry heets wedge out; others form 
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uperpo ed 1 ns entir ly inclo ed in porphyry. To
ward the outh th amount of Blue limeston e below 
the main White porphyry he t increa cs until in th 
Mab, atellite, and Blind Tom haft the entir for
mation i below the Whit porphyry . Th southern 
limit of the ore horizons abov the main . heet of 
White porphyry i at the Greenback and Mahala haft . 
In the basin-shaped area filled with " Jake bed " ju t 
w t of tho Mika.do fault th bed at these uppermo t 
horizon have been remov d by cro ion , a ho~ n in 
the Rialto and Cumb rland haft . 

The ore on th e upper contact. i for the mo t part 
directly beneath a porphyry roof, but in everal places 
a layer of lim tone interven between the ore and 
the porphyry . At one place in the upp r workings of 
th R. A. M. mine th " lake bed " are in immediate 
contact with the or . ( ee ection E-E', pl. 20.) Or 
has completely r eplaced th e limestone members only 
where they are very thin. Mo t of the ore bodi 
terminate downward, and om both downward and 
up> ard, again t lim ton . ll the ore mined in the 
upper contact wa oxidized. The horizons bel w 
the main porphyry heet have been th mo-·t pro-
cluctive. 

Certain blanket bodie and v ins in the Greenback 
mine.-In the Greenback and M ahala mines th ore 
bodie are in many pla c o thick that the ntire 
space between Lhe Gnt} porphyry and the Parting 
quartzite is occupied by or . Thi is true of the 
larg ore body on the s cond contact beneath the 
Grfl.y porphyry which extends from the outh rn 
working of the Wolftouo mine outheastwitrd through 
the Mahala into the Greenback workings. ( e pl. 
19. ) In part of the Mahala and Greenback mine , 
its maximum thickne s i about 60 feet. For the 
greater portion of i t 1 ngth it lies in contact with the 
Gray porphyry roof . It is closely related to the Tuc-
on-Maid fault, along which it extend. down into h 

Parting quartzi e. Farther east in the Gr cnback 
mine there i anoth r blank t body of northward trend 
at th arne horizon, equally thick but less exton ive. 
B neath the north end of this body orne ore within 
the Part ing quartzite wa also mined, notably at the 
inter ection of two vertical veinlets. One of these 
veinlots strikes east. The other strikes north and ha 
been followed directly above a large blanket body in 
White llmestone, and there i no doub t that this 
blank tis connected with that in the Blue lime tone 
by the two veinlets. Recent work in the Greenback 
has shown the ore body in White limeston , mo tly 
low-grade pyrite with marginal shoots of blende-galena 
ore, to be practically continuou down into the Cam
brian quartzite, where i t form a vein in a probable 
branch of the Tucson-Maid fault. 

The vein is expo ed on the seventh level of the 
Greenback mine, 330 feet outh of the shaft (pl. 40) . 
At its junction with the main drift it is 16 to 20 feet 

thi k It tril ab ut N. 65- 7? 0 W. nod dips 630 
. b ~tween a foo wall of, arnbnan. quart~ito and a 

hanglllO' wt
1
lll o\ hal . b1 h quartzite dip at 11 low 

angle for a ong c 1 tan ut s . ep 'n clos to th fault. 
Th haly bed ar nearly vertical from the fault to th 
south end of th drift, a di tance of 100 feet. e 

The ore in th v in on i ts of lenticular bands 1 ~1lp~icle, orne rich in zinc bl nd and oth 1 in pyrit~, 
d1ppmg teeply southward and alternating irregu lar! , 
with band of lay gangu . The }Jyrite band a/ 
blacken d. by chal o it : Th ein has b en mined fo; 
th full \ 1dth of the dr1ft and upward. in rai for 52 
feet. There ulphid or i continuou to tho ixth 
!~vel~ 50.f et abo.ve, and i aid to co~tain streaks very 
n ch m sll er, evidently due to ulph1de enri hment. 

On the ev nth level 110 f et we t of the main drift 
a small stop hf\,S b n open d where th amo vein or 
one elo ely parall 1 to it h r placed White limc:stone 
at or near it contact with the und rlying "transi
tion hales. " The or i ·of the same banded character 
but contains mor gal na and i accompanied by con
siderabl mangano iderite. The hand dip teeply 
northward and the width of the ore bod. i 30 feet. 
Thi tope is very ncar th proje tPd po ition of the 
Tucson-Maid fault. 

The workin!!S when isited in 191 g, were not suffi
ciently open for tho exact relations b tw n these two 
expo ures on the eventh level to be d termined. 
They are lens-shaped shoot in t plike arraMement 
and may be connect d by a fault whi hi folJow ed by 
the cro cut and w hi h eros. th t:rata at a low 
angle. The haly b d between the two exposures 
arc partly r placed b pyrit . 

nother veinlet i. .·po ed in ambrian quartzite 
on the s nth le el and e ·tend northward from the 
large vein. It is almo t directly und r th northward
trencling veinl t above the fifth level and th major 
ax s of the two large blanket ore bodies. Although 
its only expo ure i 150 f t b low the lowor blanket, 
it pr ence add to th vid n e of a yst m of north· 
ward mineraliz d fractures parallel to the long r dimen
sions of the bhnk t in thi vicinity . 

Veins in the Wolftone mine.-Irving reports three 
closely paced sulphide veins in Cambrian quartzite 
connecting upward with an ore body in the " tra1 i· 
tion shales" on the eighth level of the W olftonc mine, 
15 feet from the shnft. The veins are nearly verti
cal, 8 to 12 inches thick, and of northerly trend. The 
ore body with which they' connect i about 75 feet 
thick. They are n ar the Tucson-M aiel fault, but 
their exact position was not recorded. 

On the eighth level 200 fe t east of the haft a mall 
pyritic vein with a considerable silver content trend 
northeast and dips 7 4 ° NW. along a cru bed zone in 
Cambrian quartzite (fi<l'. 26) . It has been followed 
upward for 16 feet, but ther i no record of its pas· 
sage into the overlying "transition hales ." About 
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3 0 feet southeast of the haft a vein connecting with 
·tensive replacement bodies has been followed down 

~~e Tuoso·n-Maid fau!t in a 10.-~oot wi~ze and is aid 

1 have contained nnched pynt1c ore w1th a consider
~le copper content. A connected vein, followed up
~ard along a northeast auxiliary fis uro to the <w0nth 
Jerel, joins a blanket ore body befor reaching that . 

steeply than the country rock and hence gradually ris~ 
through the everal horizons, reaching the lower part 
of the fir t-contact ore in the Wolf tone mine and White 
porphyry itself in the Greenba k and Rialto min . 
In the R. A. M. oxidized ores o{ lead iron and man-

' I 
ganese occurred in insignificant amount beneath the 
White porphyry. Oxidized zinc or extend in places 
below the general level of oxidation and have been 
found beneath sulphide ore, a shown in chapter 11. 

lel'el. 
On the fi1 t level of the Wolftone mine 150 feet 

nort.hea t of the shaft a veinlet of galena 3 to 4 inches 
thick has been found connecting a sulphide ore body 
beneath the Gray porphyry with an oxidized ore body 
beneath the White porph.vry. The differ nee in com
position bet,~een this minor conn~cting veinlet and 
the pyritic vemlets at lower levels m or clo e by the 
Tucson-Maid fault below is noteworthy. A s arch in 
he limeston beneath the larg ore body on the ccond 

level ea t and north of the haft has failed to disclose 
any veins , and their ab ence implies that at that place 
the ore-forming olutions had moved along the base 
of the porphyry for a long eli lance from the fi . sures 
through which they ro e. 

Veinlets in the Mikado mine.-In the new Mikado 
workings, on the fifth and sixth levels, mall sulphide 
veins in Gray porphyry have been found close to and 
about parallel to the Mikado fault. They doubtless , 
connect upward with the large shoots of zinc sulphide 
and mixed sulphide in Blue limestone and indicate a 
premineral fissure zone that served as a feeder for the 
large replacement bodies. Thi fis ure zone ha not 
been explored below the White limestone and is prob
ably cut off by the Mikado fault, which has a some
what lower w stward dip than the mineralized fi ure 
zone. The two are o nearly parallel that the sugg -
tion has been made that the Mikado fault it elf was 
an ore channel. Con iderahle ore has been mined 
within the Mikado fault , but it ha all been dragged 
from th repla m nt or bodi (pl. 20, ection - A'). 
Xo veins hav be n f und und rlyino- the larg hoots 
that C.\:tend from th Mikado and R. . M. min to 
tho Wolftone mine. t i th refor jnferr d that the 
olutions which formed th hoots ro e mo tly along 

the Tu on-Maid fault zone, to a I degree along the 
premin ral fi ur z n in th Mikado mine and per
haps othc not yet di cover l. On r aching the Blue 
lim tone, ih y pr ad for long d. tances along the 
trata beneath p rph ry ill ' . 
Limits of oxidation ancl sulphide nrichment.

Ncnrly all th or min d b l w th .first or White 
porphyry conta t ha be n ulphide. In the mor 
w terly hafts, ho' e r wher the low r horizon are 
nearer to the urfa , oxidati. n ha extended below 
the Parting quartzit . Thus the oxidized ore body 
thut lies immediately b neath th Parting quartzit in 
the Upper IIenriett mine chong to ulphide as it 
e.nt~rs the Maid mine. Ea t of this point the lower 
hm1t of the oxidized ore dip toward the ast les 

The ulphide ore immediately beneath tho oxidized 
zone contains a considerable portion of zinc blend . 
The ore at the lowermo t horizon , however, pe ially 
in the Cambrian quartzite in the Wolftone mine and 
in the White limestone in the Gr enback and Mahala 
mines, con ist almost entir ly of pyrite, accompanied 
by little zinc blende and extremely mall quantities 
of copper and preciou metal , exc pt wh re locally 
enriched, a hown on page 25 . The marginal hoots 
of zinc-lead sulphide ore in the Gr nback and Mahala 
have already been noted. Where the ores in White 
1im tone ri e in a westerly direction into the work
ings of th Maid of Erin mine th y have a generally 
higher ilver content tha.n where they are more d eply 
buried ·and farther removed from the lower limit of 
oxidation. It i probable that their greater richne s 
toward the we. t i du to rcla tivcly t~orough sulphide 
enrichment. 

MIKADO WEDGE 

Th v edge- haped block of ground betw en the 
Mikado and Iron faults may b considered in two 
parts-a productive southern part, which forms the 
upthrown continuation of the productive territory on 
thew t, and a comparatively unproductive northern 
part, which extend from the Hawk ye and Del Monte 
hafts to the northern limit, of th Leadville distri t. 

In the productive part the ore has been obtain d 
hieflr from the now torm Indiana, Highland Mary 
o . 1 and 2, h nango, Old Mikado, Devlin, Venu , 

and Herro min . The ore horizon in this part ar 
repre n d by column I of Plate 9. The bed that 
have be n o producti>e abo' the main White por
phyry heet in th downtlu·own territory west of the 
1ikado fault have her been compl tely eroded. · Fiv~ 
on tact remain, al thouo-h in pla the :fifth contact is 

di i.ded into a number f minor ontacts separated by 
irregular bran h of th Grfl.- porphyry intru ivc 
mas. 

The contact are (1) bencA.th be White porphyry 
1 or ben at.h a Gray porphyry body which in places lies 

immediately beneath the onrlying White porphyry; 
(2) In the Blue lim ton imm diately above the Part
ing quartzit ; (3) at the top of the White limestone 
imm diat ly beneath the Parting quartzite, locally fill
ing the ntire space betw en the Parting quartzite and 
a sheet of Gray porphyry that cuts the Whitelimestone-; 
(4) b n ath thi Gray porphyry sheet, in the upper 
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third of the White limestone; (5) in the lower beds of 
the White limestone and underlying shales, irregularly 
distributed along the contacts of a second Grav por
phyry sheet. The ore of the fifth contact locally ex
tends down. to the Lower quartzite, and in a few places, 
as in the Boulder drift of the henango mine, layers of 
sulphide replace beds of the Lower quartzite itself. 

The larger iportion of the rich ore taken from this 
territory came from the Mikado mine. • con iderable 
body, completely oxidized, wa found on the first or 
upper contact, but by far the greater production of 
the mine came from ore at the lower horizons, immedi
ately above and beneath the Parting quartzite. Oxi
dation was complete down to the Parting quartzite, 
but its lower limit was exceedingly irregular and 
extended downward along cracks and water channels 

700 feet. In other word , th. Mikado fault has appar
ently acted a a dam separatmg the hydrostatic ba · 
on the east from a lower hydrostatic basin on the wes~ 
The ground water, as indicated by the depth of oxi~ 
dation, seems to have been at an altitude of 10,340 
feet east of the fault and of 9,270 feet west of the fault 
In the chapter dealing with th oxidation of the or~ 
other instances are cited . of this condition, which in 
many places has characteri tically affected the oxida
tion process in the Lead ill district. 

It is probable that the difference in the grade of the 
ores in thi locality at the different horizons is due 
more to the action of nrichment upon the upper ore 
bodies than to original distinction in the mineralogic 
and other character~ of the material. It is certainly 
true that the unenriched ulphid ore r mainingin this 

0 100 2 00 300 4 00 SOc tpOO r<tT 

EXPLANATION 

~ [8J ~ ~ l:{jif/ J ~ ~ 
Gray White Slue While Part1ng 

porphyry porphyry l i meston~ limestone quartz1te 
Cambr'•an 
quadz1te 

FIGURE 85.-Sectloo through lodiaoa nod Hard Cash sharts, showing probable structure aod ore horizons between Mikado aod lroo raul~s 

into the Cambrian quartzite members of the sedi
mentary series. The oxidized ore contained large 
quantities of silver chloride and lead carbonate, and 
the splphide ores were enriched in places. For the 
most part, however, sulphide enrichment seemed to 
have operated only to a minor degree, as many of the 
sulphide bodies were of comparatively low grade. A 
large body of sulphide ore north of the shaft on the 
fourth level of the Mikado mine in the White lime
stone was in places 200 feet wide and 40 feet thick, 
and carried only 2 to 4 ounces in silver to the ton. 

It is noteworthy that the lower limit of oxidation 
in this mine is at a geologic horizon but slightly lower 
than that in the R. A. M. mine, west of the Mikado 
fault, although the rocks in the R. A.M. mine have 
been down-faulted for a vertical distance of more than 

11ren are of comparatively low value; but abundant 
good ore has been extracted from the upper parts of 
the ore bodies and the oxidized ores immediately above 
them in the Mikado, Shenango, Highland Mary, and 
adjoining mines. 

The extensive mineralization at the horizons beneath 
the Parting quartzite may be related to the premineral 
fissure zone exposed in the New Mikado mine, just 
west of the Mikado hult. It may also be related to 
t.he extensive mineralization of White limestone in the 
Adelaide group, east of the Iron fault, but there hilS 
been no opportunity to study any of the depo its in 
White limestone east of the Mikado fault. 

In the northern and less productive portion of the 
V-shaped area less exploration ha been carried on, 
and much of it repre ents the mines that were in 
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eration at the time the Leadville monograph was 
~itten. In this area there i a large mass of oxidized 
" eiu matter" and included ore above the Parting 1

artzite in the Blue limestone. It has been opened 
qu in the Chieftain tunnel and in the Cordelia Edmon
upn Birdie Tribble, Bobtail, First Chance, Hawkeye, 
0 I 

Dania, J. B. Grant, cooper Nos. 1 and 2, Hard Cash, 
and Fairplay shafts . In some places the ore is in 
contact with the overlying porphyry, and in others it 
~well down in the body of the Blue limestone. Much 
of it lies directly underneath the "wa h" and ha been 
so found in the Birdie Tribble, Bobtail, First Chance, 
and Cordelia Edmonson workings. The Hard Cash 
and Fairplay shafts have penetrated below the Parting 
quartzite, but none of the other workings have reached 
the lower horizons. No ore i reported from the Hard 

shaft, 860 feet in depth, penetrated the entire series 
of rocks, including 50 feet of Cambrian quartzite, but 
revealed no ore bodies of any magnitude. Another 
shaft 1,000 feet north of the be Lincoln penetrated 
the overlying porphyry and found "vein material" 5 
feet thick in the Blue limestone beneath. 

FRYER HfLL GROUP 

The Fryer Hill group of ore bodies includes those 
beneath the three low knolls Fairview Hill, Fryer Hill, 
and East Fryer Hill. Beneath Fairview and Fryer 
hills, which were collectively termed Fryer Hill in 
Emmons's original report, occur the famous Fryer 
Hill ore shoots. The group as a whole extends from 
the All Right haft on the west to the Jamie Lee, 
Olive Branch, El Paso, and Cullen hafts on the east. 

l\mr .-Probable structure nod ore horizons lo Fairplay shnCt and body or iron and lead in the Cambrian or Lower quartzite. wl, White limestone; bl, Blue 
limestone; pQ, Parting quartzite; wp, White porphyry; £q, Cambrian Quarttite; gr, granite 

Caoh haft below the Parting quartzite. ( eefig. -. ) 
In the Fairplay haft a small fault running parallel 
to the Iron fault and forming, inde d, a part of the 
Iron fault zone, ha brought the lower quartzite up in 
the haft. A singular body of ore o curs in thi haft, 
con isting of oxidized iron ore and lead carbonates 
deposited through the entire thickn of the Lower 
quartzite and extending from tb upper surface of this 
formation down to the point where the shaft pas es 
from the quartzite to the granite on the east ide of 
thefault. ( ee fig . 6.) 

till farther north are the be Lincoln, Little 
Hoosier, and Elkhorn mines, from none of which has 
any production of note been obtained. The Little 
Hoosier and Abe Lincoln never penf?trated the por
phyry overlying the Blue lim tone. The Elkhorn 

In the early days it was one of the most profitable of 
the Leadville district. The ore shoots between Fair
view and Fryer hills, represented on Plate 67, are sim
ply richer and more profitable portions of a body of 
low-grade "vein matter" whi h replaced almost the 
entire mass of limestone that intervened between the 
White porphyry sheets . 

BOUNDARIES 

The ore shoot of this group are bounded on the 
north by an area of comparatively unproductive terri
tory that has been opened by the Prize, Buffalo, Katie, 
Pride, and Otis hafts, from none of which, to the 
writer's knowledge, wa any considerable quantity of 
ore produced. The westernmost ore body in the group 
i in the Jason workings. outh of this mine is the 
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barren Povert- Flat. n the south, the Fryer Hill 
o-roup i in a o- neral way onnected with the arbon
ate Hill group, either ontinuou ly or through at
tered or bodie . 

ORE " CONTACTS" 

FAIRVIEW A D FRYER illLL 

Th horizons of ore occurren e on Fairview and 
Fryer hill have a general imilari ty (pl. 59, se tion L). 
The upper contact in thi r egion ' ere exten iv ly 
explored in early day , and the be t d criptions of 
them were those by Emmons 1 and Rolker.2 The d -
posits at lower horizons, however , have been pene
trated only by vertical hafts, and at the t ime of 
Irving's la t visit they were comparatively unpro -
pected . There i , therefore, little to be added to what 
Emmon has ah·eady written about thi part of th 
district. 

Ore ba been found at L'i: contact on Fryer Hill , 
only the upp rmo t of which is of any con iclerable 
importance. (See pl. 59, column L, and pl. 67, 
section A- A' and B- B'. ) The four upper contact 
are along Blue lime tone inclo ed between sheet of 
White porphyry. The fifth wa found in the Pandora 

o. 3 shaft and the ixth in ~he Climax o. 3 shaft, 
but neither , so far as known, has been productive. 

The famous Fryer Hill ore bodies of early clays were 
found in the syncline of Fairview Hill. The or of 1 

the Matchl , Dunkin , Virginiu , Pittsburgh and 
Robert E. Lee occur in the anticline under Fryer 
Hill. 

The large shoot along the first contact are epa
rated by local dik of Gray porphyry trending w t
northwest, which have b en mapped by Emmons as 
extending downward incl finitely; but in the light of 
cl velopment. in Iron Hill it is possible that the e 
dik also may b e upward :ff hoo from the Gray 
porphyry sill that has been intruded into the White 

1 porphyry below the fu· t contact. Another small 
Gray porphyry ill has al. o been injected between the 
uppermo t Whit porphyry and the lim tone and 
forms the roof of the first contact in the vicinity of 
the Littl e hief hafts No . 1 and 4. The limestone 
of the first contact ranges from 10 to 100 feet in thick
ne , as hown in the sections of Plate 67. 

Throughout the Fryer Hill area the mineralization 
was unusually intense, and practically the entire mass 
of lime tone n the first contact has been r eplaced by 
or e and " vein material." Only here and ther e have 
irregular remnant of limestone-many of them en
tirely inclo eel in ore-been left unmineralizecl. The 
ore hoots as repr entecl on Plate 45 how only tho e 
portions which could be profitably mined at the time 
the Leadville monograph was written. mce then 
-- --- -------------- - -

•Emmons, S. F ., U.S. Oeol. Survey Mon. 12, pp. 445-492,1886. 
'Rolker, C. M ., Am. Inst. Min. Eng. Trans., vol. 14, pp. 273-292, 1 6. 

con iderable low r-!!racl or ha b en mined, and 
roftll hoot of high-grade ilv r-1 a l or a well a 

a f w mall hoo t of zin arb nate r ha\re been 
extracted by l see . 

To the Past and outh of F:r r Hill the fh t con
tact continu but i underlain b a much thicker 
la er of White porphyry in the mall Hop and 
adjoining mine . 

Th bod i of lim tone at the nd and third con-
tact , al o one or t' o oth r ubordinate contact , are 
thln, roo tly 1 nticular m , 10 to 12 f tor rarely 
over 20 f t thick. The have not ielled ore except 
in the ulture Jo. 2 min , where the in luded mass 
attained a thickn s of 59 fe t , and in the Pandora and 
Kit Cru on min . 

As th ore nearly very·wh r r plac th entire 
included mu of lime ton , th form of the ore bodies 
in the Fryer Hill eli trl t i d tcrmined by the con
figuration of the Whi e p rphyry ontacts above and 

0 

Blue :.:: 
limestone ·~ 

~L .10 ooo' 

.. · 

Hor izonta l and vertica l scale 
500 \000 FEE.T 

FrounE 7.- actions of some of the principal shafts of the Small Hopes mine. show· 
log malo ore-bearing contact above main White porph yry sheer. h!llts man 
projected oo a vertical plane striking N. 15° E. 

below. The few r emnan ts of unreplaced limestone 
ru·e in part adjacent to the dik of Gray porphyry 
that cut the White porphyry 3 and in part wholly in
closed in White porphyry. 

In 1901 , when the last visits were paid to this portion 
of the district (by Emmons or lrvino-), the contacts be
low the Parting quartzite had been but little explored, 
and, so far as known, they have not been explored 
more recently . The following shafts are hown by the 
records of . F. Emmons to ha' penetrated the White 
lime ton horizon. 

Buckeye shaft; sunk to Lo"·er quartzite. o ore reported. 
( o record since 18 0.) 

ew Chry olite shaft and drill hole a hort distance outb
we t of R oberts shaft; sunk to granite. No ore reported. 

'Thjs feature bas boen emphasized by C. M. Rolkcr (op. cit., p. 290) as bavi~g a 
peculiarly important significance in connection with ore genesis. To the wr•ttr 
(Irving) it appears merely as an accidental feature of tho ore formal.ion, of no 
special importance. 
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1
r Discovery haft o. 6; unk 20 feet in White lime tone. , 

~~ :re bodies reported. (No record since 1 6.) 
·:lew Discovery shaft .No. 1; . sunk to lower White porphyry 

I w first contact. Dnll hole m Lo wer quartzite in ea t drift. 
bt'O 1 p t: . ~0 ore reported be ow ar mg quartz tte. (~ o record since 

~~~Jkin Ko . 1, 2, and 3 shaft ; unk 20 feet in White lime
sione. ome·orc I clow Pnrting quartzite reported. ( o record 

,jnce I 6.) 
· ~Jatchless No.6 shaft and drill hole; sunk inLo White lime-
si~nc . No ore bodie reported. (No record ince 1 95.) 

Exc pt for th e shaft but littl xploration had 
been conducted, up to 1901 in the White lime tone. 
The unsnti factory r ul t of the work done, how ver, 
msr be inferred from the fact that the rocks below th 
p8;ting quartzit , though penetrated, were not exten-

... 
" <o \,! " ... '< 
<>: .... 
"' ~ <.> .. " \;;! 

~ it '1: 

~ 
' <> 

:. 
a . ~ 

henango hafts. The ore horizons differ om what in 
different portions of this area, as hown by Plate 59, 
cction K , M , ~, and 0. 

Th rc arc four contacts in the Blue limestone in thi 
area. The fu-st i above the upp rmo't Whi te por
phyry and dire tly under the " wa h' ; the econd and 
third are at depths of 40 and 70 feet, r espectively, 
below succ siv minor sheet of about 40 feet of 
White porphyry; the fourth , 200 feet below the third 
is under the main White porphyry beet. The fomth 
contact has been cut in the ar Elkin McCormick 

' ' ' ~nd Denver ity min but ha b n producti'e only 
m the Denver City. The White lim tone ha b een 
cut, o far as known, only by the McCormick haft 
where it wa not fo und to be producti , although 
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:~~;' -,~ ~;:::::~:::~ ~ L""~~-l m • 
Gray porphyr Wh1te porphyry' Weber shales" Blue lomestone PartmgquartzoteWh•te l•mestone o:;,';.~8~e i n 

r bet.\\ .. et'n m 11l l!ope ore hont nuol :O.!Ikndo rault, showing persistence or upper Forest City contacts abo,·e main White porphy ry to 
Mikado rault 

E .\ ..:'T FRYER lULL 

East of ry r IIi 11 thl'r i 
Ptodu ti e LC'n·it l'T 
Mikado fault, n th 
~ard o. 2 and Littl 
ne through th Pri and 

south by a lin throuah 
99271--27t----20 

area f 
the eo. t by t.he 
t.hr ugh the IIar
n th north b. a 

orri hnft, , and on the 
R bert ~ mm t and 

larg or bodi have b en found in it in the Gra
ham Park ar a o the ou th (fig. 7) . The fu-st three 
onta t ar oxidized and re emble the main contact 

of Fryer Hill in th ir undulabng hara ter. The main 
ho t call d th mall Hope hoot i at the econd 

con fa t and i · po iLions in differ ot haf are hown 
in Figur 7. Mu h of the or min d from thi hoot 
wa cry ri ch, and the quantity xtracted from 1 
than 1 a r i rep rt d to ha' yield d mor than 

6 000,000 . El wb r at thi horizon tho ore wa not 
ri h but com par d favorably with ore in other part 

of th di tri t. The high grad of the ore wa prob
ably du to nrichm nt in the oxidized zone. 

A ailabl data on ontact a little to the cast of the 
mall Hop hoot are hown in Figure The 
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principal production has been from the top of the main 
sh et of White porphyry through the harous O'Brien, 
Me ormick, and h nango shaft . 

In the area west of the Mikado fault, between th 
ham us O'Brien and Raven shafts on the south and th 

MoiTis and Harvard shafts on the north, ore has been 
found at two horizons, which have b en extensively 
explored. One is below the uppermost thin sheet of 
White porphyry at the top of the Blue lim ton and 
the other is within th Blue lim tone. Just ea t of 
the Mikado fault in the K ennebec mine ore ha.s been 
mined at two horizons in the upper part of the White 
lim tone, one a little below the Parting quartzite and 
one at the top of the lower sill of White porphyry. Th 

w 

Th " e ond contact" ha b n most extens· 
1 

developed in the Foropaugh, Oli e Branch, and E!~~! 
rom . 

Th e ore bodi in Blu lim tone w re extens· 1 
mined in 1 93- 1 96 by th Union Leasing & Wv~y 

o., which pro lu l 37,740 tons of ore havingnmg 
n. erage ilver content of 76 ounces to the ton anda: 
range of 17 to 260 ounc , according to N ormnn }1 
E t y< . The ore ~ipp d v n ~·eported to be pr~ci: 
pall ilic ou ulph1d , but cons1d rable iron and m 

'd d 1 d · an. gan e ox1 e an ow-gra. o zmc carbonate around th 
tope prove th~t _mu h oxidation had taken place~ 

Iron wa th prme1pal ba e metal, and in some hi 
m nts it may have exc ed d ili a. Lead nnd zi:C 

E. 

EXPLANATION 

Fl int -Unclassified contact ma er ial 

~ 
Parting quartzi te 

o...__.__.__,_z.J....o __ __..40 ___ .:60.i FEET 

FIGUltE 9.-Tbree representati'"e sections showing distribution of ores and gangue along ore horizons of East Fryer UiU area. (After C. A. A lien.) A, 420 l!d li(lib 
of Bangkok shalt; B, 200 feet north-northwest of Tip Top shalt; C, 10 feet west of Jamie Lee shalt 

ore horizons at the different shafts are shown in Fig
ure 35. 

The greater portion of the ore from the are.a has 
been obtained from the upper portion of the Blue 
limestone at or near its contact either with overlying 
black " Weber shales," White po1·phyry, or Gray por
phyry. The ore departs from the immediate contact 
in many places-for example, in the Tip Top, Harvard 
No.2, and Bangkok shafts-but for the most part it 
is at th•e immediate contact. 

were generally low, but some hipments of sulphideore 
contained as much a 25 to 30 per cent of zinc. . 

Operation w re confined to the Blue lirnestoneowm_g 
to the large amount of ground water, which was el'l· 
dently lowered from its natural level of 10,20j feel 
sufficiently to drain the econd contact. When op~· 
r .. tions were topped by th general miners' strik~ ID 

1896 the mines were flooded. The Fryer Hill ~hoes 

• Unpublished record dated January 23, 19<5. 
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Co. Inter drained ~hem aga~n ~nd did a little develop-
111ent work, includmg the mkmg of the Harvard o. 
gshsft, but shipped no or~. 

In 1917 and 191 the mmes were reopened by the 

U 'ted States melting, R efining & Mining Explora-
lll 0 d t' 
0 

Co. and ore was rome around the old stopes 
:~Je pr~specting by the diamond drill was being done 
in the White limestone. !he ore around the ~ld sto~es 
tomprised :five clas e -rron-mangan e mode, zmc 
tarbonate, pyrite, iliceou pyritic ilver ore, and zinc
illrer sulphide or . 5 The common relations of the ores 
and gangue, except rna i e pyrite, are shown in Fig
ure 9. The stop repr nent the ore mined by the 
Cnion Leasing & Mining o., and doubt} s the zinc
illrer ore recently mined. Flint forms a persistent 
floor and in places along the second contact extends 
down to the Parting quartzite. In the zone of partial 
oridation iron oxide irregularly overlies the pyri tic 
ore and passes upward into "contact matter," an in
definite mixture of clay, ilica, and iron oxide. Zinc 
rarbonate is as ociated in small quantity with the iron 
oride, but the principal depo it of it underlie the 
6int. Although comparatively rich amp} were 
found at cattered points, the or hipped in 1917-1 
me of low grade. The zinc carbonate ore hipped 
rontained from 14. to 19.7 per cent of zinc and as 
much as 0.6 ounce of silver to the ton. It came largely 
from the big tope ju t north of the Tip Top haft 
rnd also from stopes near the Joe Davis and Olive 
Branch shafts. Large quantities of imilar material 
rontaining 10 or 12 per cent of zinc were left unmined, 
· the minimum content accept d by the local zinc 

oxide plant was 14 per cent. 

!~presentative smelter anal yses of ores shipped from East Pryer 
Hill, 1917-1 

I I n~er 1 
rou n s 
per too) 

Zinc 
( !)('r 
·n t) 

Silica Sulphw 
(per (per 

ceot) cent) 

ho oiide ore___ _ _ . 9 _ _ _ _ _ _ 2 9 5. 4 35. l 

9: i , -16~2- ~3: ~ --5.-6- 2~: ~ 
·c-silver ulphide . 7 1 . 0 ------ ------ 11. 1 

10. 2 19. 0 ------ ------ 10. 5 
1 J. - ] 4. 2 ------ ---- -- 9. 0 
] 6. 1 ] 2. 5 - ---- - - - - - -- --- -- - - --- - -
22. 0 20. 4 ---- -- ------ --- - -- ------

L~n ilvcr- ulpbid 
2~: ~ i ~ -4X5- ====== --4.-3-,--46.-6 

7. 3 44. 2 ,------ 2. 2 46. 5 
14. 3 12. 0 44. 2. 2. 5 ---- --

P;ri 15. 9 45. 2 ------ 5. 1 ------
te ---------- - 1. 5. 3 ------ ------ ------ 4 . 2 

3. 0 ------ ------ ------ 2. 0 47. 0 
1. 

0 

0 4 ------ ------ ------ 47. 2 

3. 0 5. 1 --- - - - --- - -- -- - -- - 4 9. 7 1. 6 3. 3 ----- -- ---- ,- ----- 4 0 0 

~:ding Lc company record , lncludin~ a report by C. A. Allen, dated Ja; 

. hipments of ores represented by the first three groups 
m the above table were made while the price of silver 
was high, but when it dropped as low as 0 cents an 
ounce, late in 1917, much of the ore was of a little too 
low grade to pay for mining. Ore with 20 ounces or 
more of silver to the ton occurred only in small str eaks 
and bunches. The pyritic silver ore came mainly from 
a body 100 feet southwest of the Jamie Lee shaft, and 
small quantities of high-grade (35-ounce) oreweremined 
by lessees near the Little liver and Forepaugh shafts. 
The sulphide ores r epresented above were low in sil
ica, in contrast to the reported character of the ore 
formerly shipped (p. 282). The pyrite ore, shipped 
for the manufacture of sulphuric acid, differed from 
the pyritic silver ore in its very low content of silver 
and perhaps of silica also. Pyrite containing 45 per 
cent of sulphur was then worth 3.50 a ton f. o. b. mine, 
and a penalty or bonus of 15 cents a unit was applied 
to ore with lower or higher content. This ore was at 
first mined near the Tip Top shaft , but it graded into 
pyri tic zinc ore, some of which contained too much 
zinc to be sold as pyrite and too little for zinc ore. 
Later shipments were made from a body about 400 feet 
southeast of the Tip Top shaft , north of an eastward
trending porphyry dike. This ore body was to 9 feet 
thick and contained 3 ounces of silver to the ton and 
2 per cent of ~lica. It had been topped by old work
ings, a fact which suggests that it graded into ore with 
higher silver content. 

Explorations in the White limestone included the 
extension of the Jamie Lee shaft to a depth of 843 
feet-the horizon of the "transition shal " below 
the White limestone-and the driving of several drill 
hol . On of these extended to the Cambrian quartz
ite below the haft; another wa driven eastward 
from th bottom of the haft for 302 feet , with the 
intention of locating the Mikado fault , but wa aban
doned when it entered dolomite and. A hole was 
driven '' tward from the bottom of the haft for 250 
f t, and another outhward for 100 feet without prom
i ing re ults, although both extended beneath ore in 
th Blu lim tone. Drifts from the Jamie Lee shaft 
also p sed directly under the old topes without dis-
lo ing mineralization. The only evidence of miner

alization in the White lim tone in this vicinity was 
a :fi ure 10 fe t southeast of the shaft, striking N. 60° 
.i!J. and dipping 53° NW., along which a little quartz 
and fine-grained sulphides impregnatf\d the lim !.one. ' 
Two drill holes, 0 and 260 feet outh-southwest 
of the Tip Top shaft reached the Cambrian quartz
ite and were reported to pa through 70 feet of 
Gray porphyr ju t abo e th quartzite; but no 
transition shale was recognized, although such shale 

• Allen, C. A., unpublished report. 
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is present near b -, and the r ck r ported a p rphyr 
ma b largely th hale. A f w trioger . pr umably 
of pyrite and quartz, were found in the b ttom ~ .72 
fc t of thi rock along it ontact ' ith th quartz1L . 
Th ab once of or in th White lime tone here i in 
contrast with it pr en in the K nneb min , ju t 
east of the Mikad fault. 

The work done h failed to eli cl any important 
cour c along which th ore-forming olution ould 
ha'\"Te ri en, as th r did in the Iron n,nd arbonato 
Hill areas. The c n iclerable quantiti of pyrite ac
companied by quartz fllld mangano iclcrit ouLhw t 
and outh of the Jamie Lee haft and 400 fc outh
ea~t o£ the Tip Top haft imply that th olution 
began to depo it th ir cont n at the c pla c and 
then clepo ited the mixed ulphidc , which ntain 
considerable zinc blend , but the ourse follow cl by 
the solution wa main] alonu th b dding. 

Mo t of the fractur noted by All n in the wall of 
old stopes trend northeastward, wh rca th or chan
nels trend in variou dire tion but mo tly northward. 
The ore channels li along local undulation or ' roll 11 

in the strata, wher the lim tone had doubtl be n 
fractured more than cl ewhere. Allen concluded that 
the in tersections of northeastward-trending fi ur 
with the axi of a "roll " were pecially fa orabl 
places for ore clepo ition . 

IRON HILL GRO UP 

In the Iron Hill and Rock Hill area, one 
most productive areas in the di trict, sill of Gra 
por phyry are numerou , and ore ha been found in 
one place or another at 10 contacts . The upper con
tacts wh en only partly developed were first describ d 
by E mm ons and when more thoroughly developed by 
Freeland 7 and Blow,8 but they had become inacc -
sible before the r urvey of the di trict was b gun. 
The representation of ore bodies on Plates 22, 45, 
and 59 are ba eel on these description and more recent 
data and give a generally adeq ua.te idea of the location 
and extent of ore clepo ition, although certain or 
bodies have doubtl bePn omitted from lack of in
formation . Ores in the Cord and Tucson mines are 
d cribecl in orne detail. 

" FIRST CONTACT" 

The "first contact," b tw en the White porph:yry 
nnd the fir t heet of Gray porphyry below, ha been 
thoroughly explored. ( ee figs. 90-95.) It i especi
ally well developed in the workings of the Iron- ilver 
Mining Co., ext nding from the North Iron incline 
outhward to the Doyle workings and eastward a far 

as the Louisville and Rubie shafts and Cord Winze. 
outhward from the e points the uppermost sheet of 

7 .Freeland, F. T., The sulphide deposits or South Iron Rill, Leadville, Colo-: 
.A.m. Inst. Min. Eng. Trans., vol. 14, pp. 181-195, 1886. 

1 Blow, A. A., The geology and ore deposits or Iron Rill, Leadville, Colo.: Am. 
Inst. Min. Eng. Trans., vol. 1 , pp. 145- l 1, 1890. 

"SECOND CONTA CT " 

In th outhern part of Ir n Jiill and the adjacent 
part of Rock Hill a much or h b n produced from 
the " e ond contact" a from the fu t. On this " ec· 
ond contact 11 i a laru irregular hoot which nearl,r 
parallels the Moyer fault. ln the Moy r mine th·, 
hoot turns northward and para II l tho Adelaide fa ult. 

The northward-trending part i known a the Moyer 
shoot. ear the A. Y. o. 3 haft the hoot tur!b 
southward and xtend under R k Hill. Thi shoot 
i V- haped and in plac more than 4 f et in 'l"erliOJI 
diameter. In the vicinity of the Accident haft th·· 
" econd conta t 11 ho t is interrupted by a teeply 
plunging rna o£ Gray porphyry, and a hort di lane~ 
to the northeast it joins the " first contact " shoot. 
which is cut off by the d laid fault. . 

The vertical dimension of neighboring hoots ID the 
Rock Hill area, like tho of the Im , Rubie, and othPr 
shoots in the outh Iron Hill area are greater lh8ll 
their horizontal width and th ore bodie also taper 
downward along fis ur~ , or rea ch the Gray porph)7l"· 
From some of them mineraliz d fi ure have been 
followed downward throuuh th underlying Gray por· 

Phy:ry but no work 0 f:r as known , ha been donP 
, ' F ex· to prove their persi tence to d epcr lev I · or : 

ample, a sulphide ore body beneath Gray porphyr~~o 
the Moyer mine replaced Blue limeston on one 1 6 
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Parting quartz ita 

300 400 fEET 

GILT EDGE No.3 
GILTEOGEN~22~------r---------~------:-----~~--~n-----~-----;----~ 

10,500' 

E. 

1\iUKE 9J.-8ection through Gilt Edge shaft s Xos. 2 and 3. (After Freeland.) wp, White porphyry; gp, Oray porphyry; bl. Blue limestone; pq, P arting quartzi te; 
wl, White limestone 

•• 
flCURP. 92 -sect.oo nero aliforola Oulcll w tor F'orfoit shaft and Stone Incline. (Alter F recland .) bl, Blue limestone; pq, Parting quartzite; gp, Orny porphyry~ 

wl, White limestone 



2 6 GEOLOGY AND ORE DEPO ITS OF LEADVILLE MI ~ING DI TRI T, C LOR D 

only of a ertical veinl and evcral einl t of 
mixed sulphides in the Gray porphyry wcro cut on 
the second level b neath the main or bodie of the 
Minnie mine; but, o far a known, the Whit lime-

N. 

+ 
+ 

+ + + + H I NNI£ 

0 100 200 300 400 rEET 

FIOVRE 93.-Section through Minnie and Helen shafts. (After Freeland.) bl, Blue 
limestone; wp, White porphyry; gp, Gray porphyry 

stone below these ore bodies has not been explor d. 
If costs are not prohibitive, explorations are ju tifi d 
beneath these ore shoots for persi tent vein and con
nected r eplacement bodie in White limestone, par-

Nw. 

0 100 20 0 300 400 fEET 

FIGURE 94.-Section through Sellers shafts os. 1 and 4. (After Freeland.) wp, 
Wliite porphyry; gp, Gray porphyry; bl, Blue limestone 

ticularly along the expected intersections of the veins 
with the Tucson-Maid fault zone and the little-known 
reverse fault G west Qf it, which is considered in chap
ter 5 (pp. 73-74). 

\ ulphid iu of on id rabl ize in the Col 
o. 2 min wa follow d f r 100 f t, dir· orado ct,ly beneath 

th ore hoot that wa worked from the lster-Newton 
haft, but, o fvr a known , it, ha not b on followed 

downward int the White lim t ne. 

LOWER CONTACTS 

Low r heet of Gra · p rphyry wi hin th B! 
1. . f ue 
1mcstono ar yr en~ m part, o th ar a a off hoots 

from th pers1 Lent 1ll abov or from irregular dikes 
?ne of th . lower h t i '. p cial.ly well develop~ 
m the Wh1te ap and \. 1dent rome , as indicated 
on ection F- F', Plat 24. It ha b en extensiv I 
xplor~d by .drill hole and wor1 ings throughout :h! 

Iron Hill r gwn, and althouO"h or bodies occur beneath 
it in a numb r of place and om f them are fairly 

N. 

FIGVRE 95.-sectlon through Sellers shaft Xo. 2. (After Freeland.) I'P, ll'brte 
porphyry; bl, Blue limestone; gp, Gray porphyry 

thick and extensive, they have been disappointing 
compared with those on the other contact . Through· 
out much of the area no ore ha b en found beneath 
it, a somewhat remarkable fact in view of the heavily 
mineralized charact r of this part of the area. A 8 

few places where short ill branch from dikes or from 
the main sill above ore ha. been found beneath them~ 

I 

especially adjacent to the dik . 
Ore is found on the Partin()' quartzite in the Colorado 

b · d · the Jo. 2, Louisville, and Ho hoe mmes an 10 
00 White Cap and Cord winz . Thi ore has not prov 

very extensive, and only a f w bodies of it are kno' ~ 
Much of it merely forms the basal parts of ore shoo 
that lie mainly within the Blue limestone. 
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Ore is rarely found within the P arting quartzite in 

the Iron Hill area. The only productive shoot in 
this rock was found along the Cord vein where it 
crO" ed a member of the Tucson fault zone. Drill 
hole o. 71 from the Yak tunnel al o di clo ed a body 
of ore in the Parting quartzite. 

roe ore bodies have been found at several " con- 1 

tact " within the White limestone and underlying 
·' transition shales" and quartzite in the Cord and 
Tu "On mines and are d cribed on the following 
pages. The 11 Seve~th contact," which is well marked 
from the Moyer mme on the northeast to the White 
Cap winze on the southwest, is unusual in containing 
large ore bodies that lie on top of a sheet of Gray 
porphyry but are separated from the ore immediately 
beneath the Parting quartzite by an intervening zone 
of barren lime tone. 

IRON HILL 

CORD II E 

The roo t instructive group of ore bodi in the 
western part of the district comprises the Cord vein 
and associated stockworks and replacement bodies 
which have been worked below the Yak tunnel between 
the Cord and White Cap winzes. As shown on page 
!06 and in Figures 18, 19, and 21-24, it has been fol
lowed from the Blue limestone down into the Cambrian 
quartzite and crosses the reverse faults within the 
Tuc on-Maid fault zone. A parallel vein ju t east of 
he White Cap winze has been followed downward from 

the Yak tunnel level to a junction with a mall replace
ment body, but nothing further is known about it. 

The lowest ore hoot mined included a di tinct 
rcin on the eighth level midway betw en the two 
rinz . At o. 5 rai e the ore hoot xpanded to a 
pipe 14 f t in diam t r , which w followed upward 
for60 f ct and found to b conn t d with a lim tone 
replacement b dy. Th or min d in th rai . wa 
iliceou pyrit with a. r latively hiah aold ont nt. 

The vein w foll w d northward and downward and 
on th ninth I v I, wh r i cro ed two m mb rs of 
the Tu on fault zoo , it op ned into a to kwork or 
'·brecciated oro body" in ambrian quartzit whi h 
had.be n top din 1919 for a l ogth of 100 f t and 
a Width of 20 to · 5 f t. The t' o bran h of the 
Tu on fault form d north ast and outh' e t wall 
and th hanging wall f th ord in a di tinct south
eas~ ~vall. On th north\ t ide th ore grad d into 
Pyri~Ic quartzite of too 1 w grad for mining. The 
ore.IQ this stock\ ork on · ted of vugg v inl ts of 
pyrite and quartz em nting the quartzite fragmen 
and partly r placing them. It lo ly rc mbl d the 
ore of the outh Ib sto k' ork in Br e e Hill. The 
gold content wa very irr gularly di tributed, and 
~ mples tak n clo o tog ther ranged from 0.1 ounce 
10 gold and 7 ounc s in ilv r to 2 ounces or more in 

gold and 100 oun es in ilver to the ton. orne of the 
high-grade ore was thickly coated with chalcocite but 
orne of it appears quite unaltered and can n;t be 

distinguished from low-grade pyrite without an a ay. 
The battered zone containinv the tockwork 

although not continuou ly producti.;e, was followed u~ 
to the sixth l vel, where another tockwork was found 
in Gray porphyry. Thi stockwork in 1919 had been 
stoped in a roughly circular area with a oorthwest
southea t diameter of 120 feet and a northeast- outh
west diameter of 100 feet. Its northwest end lay 
partly in White limestone, which underlay the porphyry 
and its northeast end was connected horizontally with 
a replacement body in White lime tone. The ore in 
this stockwork was similar in character and variations 
to that on the ninth level. 

Elsewhere in the porphyry sills that cut the White 
limestone the ore occurred in veinlike form, but the 
deposits were too thin to be profitably worked. Where 
the veins passed into White limestone, however, they 
expanded into large bodies that partly or completely 
replaced the lime tone. The ore in these replace
ment bodies wa mi..xed sulphide but varied from 
practically pure pyrite to practically pure zinc blende. 
The zinc shoots formed flat to len - haped segregations 
in the pyrite, ranging from a few inches to several feet 
in length and thicknes . Ore from the exceptionally 
large ones was shipped a zinc ore without concentration. 
Galena, on the whole, was very subordinate to the zinc 
blende but was con picuous in a. few places. In some 
places the two minerals were rather evenly mixed, 
but in others they were practically independent of each 
other. Jo chalcopyrite wa een, but its presence is 
indicated by as ay record . The gangue was mainly 
den e quartz or jasperoid, which formed from 2 to 1 
v r nt of tho ore bodi above the fifth level and 
abou t 40 per ent of tho e below it. It wa le s prom
inent within the oro bodie than around their margin, 
where it replac d lim tone and porphJTy. The top 
of the replacement body at ... o. 5 rai e, already men
tion d, is marked by a con inuou layer of finely pyri
tized ja peroid that had been r garded a quartzite but 
proved und r ihe mi ro cope to be thoroughly ilicified 
porphyr . The only oth r gangu mineral not,ed wa:; 

barite in mall cr ~ tal or aggregates thinly cattered 
through the or . 

Ore was mined b two n the econd and third levels 
from a , tockwork that extended into the hanging 
wall of the vein. Thi tockwork wa inacces ible to 
the writer, but, according to John Pendery, who had 
previously mapp d it, ext nded along one or more 
trans erse fi ur and was mainly in Parting quartz
ite bu tapered downward in Gray porphyry and up
ward in Blue lim tone. It is approximately in line 
with member of the Tucson fault zone exposed at 
lower level . The ore was pyrite with more than 1 
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per cent of opper and a rclati ly high content of 
silver. Only 2 out of 2 samples contained zin or 1 ad. 

Workings in the Blue lim tone wor inacc ibl , 
but a few small ore bodies ha e been found alono- the 
vein in it lower part, an l one large or body near 
the Cord winze i r pres n ted in th profile of the 
workings (fig. 24). Plat 25 c tion K - K', show a 
large "fir t conta t" oro body dir ctly abov th ord 

in and pre umably conn cted with it. 
s udy ·of the differences in the oro at different 

levels and in contact with different rocks wi\ made 
from repr ntative a ay record elect l in 191 by 
John Pender ,formerly engineer for the Yak tunn l 
properti . conden ed li t of th e a says appears 
on pag 2. Only L"( a a represent the in below 
the eighth le el, which had been newly op n d at that 
time, but the or be ween the eighth and fifth levels 
were repr en ted by 25 a ays, tho e between ucc -
ive higher level by 24 to 27, and tho e between the 

Yak tunnel le el and the White porphyry abo e by 
27. Only a few of these a ays are presented here to 
how the range in composition of the ore . 

The ore in o. 5 rai e below the eighth level was 
mainly quartz and pyrite, with low percentag of 
other sulphides here and there and an average of 0.525 
ounce to the ton of gold . The gold ranged from 0.0 
to 2.05 ounces to tLe ton, the minimum quantitv occur
ring in ore that contain d the most zinc, lead, and cop
per and the maximum in practicA.lly pure pyrite. 

it · er also varied .considerably. No a u,y record of 
the tockwork on the ninth level are at hand, but the 
ore is reported to hav been high and variable in gold, 
like that in No. 5 rai e. It show d orne evidence of 
enrichment, but th<tt in o. 5 rai o . howed little or 
none. The imilarity of the siliceou pyritic ore in tho 

ord mine to that in the lodes of the ea tern part of 
the di -trict i Yory clo e. 

Ore r emaining in the tockwork on the ninth and 
ixth level in 1921 \va low in gold and for the mo t 

part in ilver but in oth r r pects wa similar to that 
in ro. 5 rai e. The replacement bodies in White 
lim tone between the eighth and fifth levels were al o 
on th whole siliceous pyrite, though a few as ays 
howed iron in exc over silica, and a few were com-

paratively high in zinc or lead or in both. Except in 
one as ay, gold was very low and silver showed the 
the same g neral range as ore in the .stockworks and 
vein. The sample that was exceptionally rich in gold 
and ilver happened to contain considerable galena, 
but another sample with more lead was low in silver 
and very low in gold. In short, the precious metals 
were independent of each other and of the other con-
titu nts, so far a detailed comparisons wer con

cerned, but the higher gold contents were as a rule 

irreguhu·ly di tributed in ili ou pyrite or<> between 
silic ou wallro k . 

B tw n th .fifth and f urth 1 v 1 th or wn 1 
siliceou but had not hanged materially in other re
p cts. Th am wa tru of th or b tween the 

fourth and third l v 1 , x ept that on -third of the 
ampl w r rather high in g ld (0.14 to 0.64 ounce 

to. th ton) , and th a crag wa on pondingly 
ra1 d. Th av rage coppC'r ont nt wa a! o higher. 
From the third 1 1 up to th ' Yak tunn l level the 
or continu d to b p ritic with mor iron than ilica 
and with relati ly high copper, but th g ll was low 
again. Zinc and lead w r promin nt in a f w amples 
but a crag d lo' . ~bovo th Yak tunnel, howc1er 

' zinc and lead ' or abundant, and all the 
ample w re cla d a zinc-ir n or zin -iron-lead ul-

phatc. il or ·wa low r than in th pyriti ore below 
the Yak tunnel, and gold ' a ha.ract ri. tically low. 

nfortunatel , the ord in ould not b tudied 
continuously up to th Whit porphyry, but the direct 
conn tion b t ' en the pyritic or 1 w and high in 
gold and the pr n f t pical zinc-iron and zinc
iron-lead or within th pyritic rc w re uilicient to 
showthatallthes vari ti of or ~ er foundnlongone 
trunk chann 1 and that the pyritic or pr dominated 
at the lower level in and clo e b the v in. 

Representative assay of sulphide ore from d( fferent levels of the 
Cord mine 

Between base or Whit e porphyry and Yak tunnel level 

[Average rep resents 27 as ys] 

I 
Gold (ounces I Silver Copper I Lead Zinc I Iron smca 

perton) (ounces (per cent) (per cent) (per cent) (per cent) (per cent) 
_ _\ per to~) _ _ _ _ 

0. 03 3. 2 0. 4 19. 1 36. 4 1. 
0 06 5. 2 .0 I 13. 6 34. 2 3. 2 
0 03 2. Trace. 7. 6 34. 1 2. 2 
0 02 4. 2 Trace. 22. 4 25. 3. 4 
0 04 4. 6 Trace. 31. 2 I 20. 4. 

---- - - ··- -- 14. 2 22. 5 -- ----- --- -----
--- - ---- -- ii. 9 39. 0 -- ---- - --- -- ---
-----

Av - - --- 5. 1 17. 6 29. 6 - ------ -

Between tunnel and firs t I vel below 

[Average represents 27 assays] 

-----
0. 05 13. 7 1. 4 

--------- - 10. Trace. 
0 01 3. 7 .7 
0 04 3. 1 .0 
0 03 2. 0 . 0 
0 03 3. 2 .0 
0 06 30. 3. 0 
0 06 2 0 0 4. 1 

o. o I o. o 42. 6 5. 
12. 2 20. 0 4. 0 

!: ~ 2! 0 ~~: 2 2. ; 
3. 6 9. 4 34. 5. 2 
2. 9. 4 3 0 4 2. 7 

0 0 0 0 40. 1 3. 5 
0 0 0 0 40. 2 4. 6 

0 05 13. 7 1.4 0 0 . 0 42. 6 5. 

v .. 04 9. 6 1. 1 _ 1~ 2 1 3. :,- 39. 4 -~I 
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Representative assays of sulphide ore from different levels of the Representative assays of sulphide ore j?·om different levels of the 
Cord mine-Continued Cord mine-Continued 

Bet ween firs t and second levels Belo w eigh t h level (winze below No. 58 raise) 

[Avnrage represents 27 assays] [AYerage represents 6 assays] 

,.... 
Silver 

Oold (ounces (ounces Copper 
per ton) per ton) (per cent) (per cnnt) (per cent\ (per cent) (per cent) 

Silver 
I 

Gold (ounres Copper Lead Zinc Iron Silica 
per ton) (oun c~,s (per cent) (per cent) (per cent) (per cent) (per cent.) pnr ton) 

Lead I Zinc I Iron I Silica 

- -- ·- ,-- -- - -
0. 03 2. ------ - . 7 14. 9 ______ _!_ _______ 
. 05 5. 1 0. 2 4. 9 35. 1 17. 6. 5 
. 04 5. 1 .0 .2 2. 6 33. 5 15. 8 
. 06 29. 4 . 2 . 0 . 0 36. 5 I 4.6 
. 26 34. 2 1.6 .0 . 0 3 . I 9. 2 
. 02 3. 0 . 3 . 0 .0 39. 9 4. 8 
. 05 7. 4 Trace. 1.2 42. 2. 1 

Av .. 06 14. 0 2. 1 . 6 1 2. 7 
I 

3 . 6 7. 2 
I -

Bet ween second and third levels 

[Average represents 28 assays] 

0. 04 201. 0 2. 5 20. 19. 0 20. 6. 7 
. 06 4. 1 .0 .0 2. 1 33. 7 17. 2 
. 10 71.3 .0 .0 .0 3 . 7 7. 2 
. 05 2 . 6 3. 2 .0 .0 42. 2 3. 2 
. 04 6. 7 .9 .0 .0 43. 1 2. 3 
. 01 1.6 . 0 .0 .0 44. 0 5. 8 

Av . . 05 23. 4 1.2 . 7 40. 3 5. 2 

Bet ween third and fourth levels 

[Average represents 24 nssays] 

0. 05 22. 1 22. 4 o. 2 I 4. 31. 2 1. 1 
. 04 7. 0 6. 5 .0 14. 33. 1 --------
. 03 4. 4 I .4 9. 4 36. 2 6. 9 
. 30 43. 0 .0 .0 

. 2 1 
37 . 17. 9 

. 64 5. 2 1 .2 .6 Trace. 41. 2 6. 2 

. 2 1.6 .0 .0 .0 42. 1 7 . 
---- ----

Av . . 13 10. 4 1 1.6 .2 2. 0 37. 9 . 0 

Bet ween fourth and fi ft h levels 

[A >erng represents 25 as ays) 

0. 03 .J. 0 10. 3 ~~: 5 1-- 17.- 7-
11. 2 

. 02 .J. 0 0. 0 2. 3 7. 1 

. 05 .6 .0 2. 3 3. 1 31. 9 17. 

. 01 1.2 .0 Trac. 16. 1 I 32. 0 . 1 

. 13 32. 6 .0 .2 2. 4 3 . 4 11. 9 

. 05 1 . 4 2. . 0 . 0 I 39. 1 .2 

. 06 11. 1.0 . 0 I . 0 [ 42. 4 4. 2 
--- ----

Av .. 05 . 7 I. 1 I 4. 36. 7 

Bet ween Oft h and eighth levels 

,-erage repro nts 25 assays] 

-- -
0. 02 3. 0 0. 0 0. 0 0. 0 5. 7 74. 4 
. 02 1.5 .0 0 .0 10. 2 74. 6 
. 03 9. 1 .5 15 . 7 19. 5 12. 26. 
. 01 1.2 . 0 0 .0 13. 71.0 
. 44 440. 0 2. 3 11. 3 .0 21. 2 36. 6 

L~ 22. 5 1. 4 2. 
---- 1 I .0 36. 3 17. 2 

J Av .. 06 2 . 0 .5 2. 1 I 2. 4 22. 5 43. 7 

I 

I 
1 
I 

I 0. 12 4. 5 0. 2 Trace. 0. 0 12. 71.0 
.0 1 . 0 2. 1 2. 9 3. 9 2c. 2 2 . 0 

' 2. 05 24. 5 .0 .0 . 0 45. 2 1.6 

Av .. 53 15. 0 . 6 I 1. 1 I . 9 I 27. 6 I 37 . 

TUC ON )liNE 

No veinlike depo it ha\e been develop d in 
the Tucson mine for any great di tance, but th 
ore connected with auxiliary fi ures on the foot
wall ide of the Tucson fault and locally within th 
fault have certain imilarities to tho e mined in di tinct 
veins. Ore has been mined at all lev ls from the bas 
of the White porphyry or " first contact" down into 

10 

Appro 1mate scale 

FlOURE 96.-Fissures in Lownr or Carnbri n quartzite, Tucson mine, North Iron
Uill, showing erustiOed linings or sulphides and manner in which they connect 
with irregular solution cen ters, which follow the eroding or tho quartzite and are 
now linnd with incrustations or sulphides. cale about 4 feet - I inch 

th ambrian quartzite far as th tenth l vel (figs. 
1 20, 96, and 97 ). Tho at and below the fourth 
level lie in or n ar the Tuc on fault and are de cribed 
in a cending order. 

Deposits in ambrian quartzit .-Between th·e ten h 
and the eighth le el an re body very rich in il ru· 
and gold has b en min din ambrian quartzite. The 
or (figs. 4, 5) h replac d and fil led a vi ties in a. 
ortain b d of quar tzite along a n twork of vertical 

fi ur , the trongest of which trend east-northea t 
about a.t riaht anal to the trike of th Tucson faul t. 
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There is no connection with the fault , however, the 
ore stopping 100 feet away from it . The workings 
were flooded when the mine was visited in 1913, and 
the following description 9 is quoted from a paper by 
George 0. Argall, manager of the mine: 

The Cambrian quartzite in the vicinity of the Tucson shaft 
is shattered by a series of vertical fractu r~s striking a pproxi
mately northeast and southwe t. Along t hese fractures occur 
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It would appear from the thickness of the mud deposited 
this caved ore and quartzite, often 10 inches in depth, that t~: 
collapse of th roof is not by any means a recent occurrenc 
Furthermore, this brown mud deposit might indicate the dow:: 
ward circulation of meteoric waters from the ilurian [Whitej 
limestone or d po it immediately above. The longest dis. 
tance so far opened in a vertical fissure in the quartzite is 0 
feet; this fi sure shows th ree chimneys, the largest 3 feet by 1~ 
feet, standing vertical .and lined with the same minerals. The 
openings in the fi s ures vary from a width of 1 inches down to 

lOth level 

FIG OR II: 97.-Plan or ore body in Cambrian quartzite between eigh t h and tenth levels or Tucson mlne. (F rom map hy F . A. Aicher, Iron Silver Mlnlng Co.) 

open cavities of varying dimensions from oval-shaped conduits 
a few inches wide to channels 10 feet wide and 4 feet high along 
the strike of the quartzite beds. Incru tations of ore, from a 
few inches up to 2 feet in thicknes , completely line these open
ings, but where the large cavities occur the roof ore i often 
found on the floor with fragments of the quartzite roof caved 
down upon it. * * * 

•Argall, 0. 0., Recent developments on Iron Bill, Leadville: Eng. and Min. Jour. , 
vol. 89, p. 263, 1910. 

a mere film or incipient fissure, often difficult to follow. Cross 
fissures also occur carrying the same mineralization, while open 
joints in the rock are often coated with pyrite or blende. 

The ore occurs in the fissures and cavities mainly as a crusted 
structure with a regular succession of mineralogically different 
layers, as follows: Argentiferous sphalerite, pyrite, galena, and 
chalcopyrite. The sphalerite and galena are found throughout 
the entire length of the fissures, while the pyrite and cha.lcopy· 
rite occur at infrequent intervals. At points where these cav· 
ities take a sudden pitch downward and where "potholes" or 
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other irregularities occur in the floor, pockets of a rich silver 
ulphidc mineral are found. 

5 
The quartzite often shows a honeycomb structure where the 

channels split up into numerous small cavities, usually along a 
bedding plane. The cavities are always lined with ore. In va
riably a small seam of ore connects one cavity with another, 
snd on being followed * * * these seams eventually lead 
into a large single cavity where the ore has been deposited in 
much thicker layers. 

The ore mineral , be ides forming cru ts, impreg
nate and replace the quartzite to some extent. The 
replacing sulphides form a fine, even-grained mas 
which passes abruptly into the coarse-grained crystals 
that line the cavitie . Partly r eplaced quartzite frag
ments are inclosed in ore. In one thin section there 
~a perfect gradation from pure quartzite through a 
transition zone where the interstices are filled with sul
phides to a rim where quartz grains as well as the 
original interstitial matrix are almost wholly replaced 
by sulphides. Siderite impregnates and replace the 
quartzite ju t within the rim and is al o abundant 
among the coarse-grained sulphides out ide the rim. 
The fine-O'rained sulphides in the quartzite are chiefly 
pyrite and zinc blende with a little galena; the adja
cent cavity filling consists es entially of galena and 
iderite with some zinc blende, coated by the argen
tite-hi I)luthinite intergrowth "lillianite." Of the 
minerals filling the cavities zinc blende wa depo ited 
first, followed by siderite and galena, in part inter
grown but with galena al o forming einlets in the 
siderite. 

ro chalcopyrite was noted in this thin section but 
pecimens were collected showing chalcopyrite in 

relatively large grains cattered among mixed ulphides 
and a] o in relatively pure masses. pecimen were 
al o found showing pyrite with a little chalcopyrite 
and a minor amount of unreplac d quartz but no 
rinc blende r galena. 

pecim n brok n from avit linings w re llulai" 
they bowed r stal of all th ulphid min raJ and 
J( id rit , th l t in minut yelJowi h-br wn flat 
rhomb . Where an order of r_ tallization w di -
tinct pyri and blend ' r vid ntly form d before 
the galena and chalcopyrit , and siderite fini h d 
crystallizing l t. poli h d urface of quartzit and 
ore wa d crib d by rgall 10 a con i tin('!' of (1 ) an 
0 ~ 

mn r zone one- ixte nth in h thi k of fine O'Ul na 
with a little bl nd and pyrit on quartzite, (2) a band 
one-fourth inch thick of blende and pyrit with a few 
pangle of gal na, forming a di tinct ru t (3) irreg

ular grains of halcopyrite lying mo tly in cavitie 
between the ou termo t cry tal of (2), and ( 4) rna ive 
cry tals of galena 1 inch thick, some of them coated 
with a film of the argentite-bismuthinite intergrowth. 
This film Argall con idered to be a econdary deposit 
from de cending waters. 

11 Op. qlt., p. 264 , flg. 5. ---

The di olving of ca vi tie in the quartzite indicates 
that the solution fu·st pa ing upward through it were 
under aturated in silica and did not depo it ore and 
gangue mineral until they had got farther along in 
their course. t a later tage olution of the quartzite 
was accompanied by depo ition of pyrite and subordi
nate zinc blende and was followed by depo ition of the 
ulphides and siderite in open cavities. The minerals 

in the cavity filling represent a solution that had al
ready been depleted in pyrite and ilica and may be 
regarded a a product of the waning stages of ore dep
o ition, which took place in cavitie that had been 
opened in an early stA.ge. The mud in the cavitie , 
derived from haly material above, shows that some 
material has been depo ited by descending waters 
and lends support to Argall's inference that the coR.t
ing of argentite-bismuthinite intergrowth ar~ of uper
g ne origin; but the other mineral are identical in 
character with those of undoubted hypogene origin 
elsewhere in the district, and there i no p1:oof that the 
intergrowth al o i not hypogene. 

Deposits in White limestone.-Ore bodie in the 
White limestone occur at interval from the eighth up 
to the fourth level. All but the hi()'hest thu far found 
are on the footwall side of the Tuc on fault, some 
wholly separated from it other connecting with it, 
and one probably cro ing it (figs . 1 and 20). One 
stope, on the fourth level, i on the hanging-wall ide 
of the fault. 

The lowe t stope in White limestone extends from 
the eighth up to the seventh level, 300 to 400 feet 
south of the Tuc on haft. It east wall is from 1 0 
to over 250 feet away from the Tuc on fault and con-
i t of Gray porphyry, which locally cro cut the 

strata and extends ea tward a far as the fault. The 
porphyry contact fiatt n we tward above the e enth 
level and form the roof of the tope. The outline of 
the tope i very irregular, and the narrower part have 
g nerall northea t tr nds, parallel to th more con-
picuous fis ure in the quartzite tope, which lie 200 

f et or more to th north. The ore i a mixture of 
pyrit and zinc blende, with little or no galena and · 
low ilver content. Thi stope terminates downward 
in a narrow ulphide vein 11 along the margin of the 
porphyry ma . 

nother tope ha it lowest point in the Tuc on 
fault above the sev nth l vel and about 100 feet south-
a t of the shaft. It ri e with irregular outline in 

the fault up to the ixth l vel and is continuous with a 
blanket replacement d po it 13 to 19 feet thick, which 
extend in a generally north-south direction for over 
300 f t and ha a maximum width of nearly 200 feet. 
The outline of the tope uggests that the ore body 
formed along a serie of intersecting north-south, east
west, and northea t- outhwest fis ures (fig. 20), which 

"Argall, G. 0., op. cit., p. 265, fig. 6. 
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lie at angle of about 45° and 90° to th lo al treucl 
of the Tuc on fault ( . 40° W.). 'Ih stope li s 
almo t directly abo e the ore body in the quartzite, 
and it i beli ved that th solution ri ing through th 
quartzite during tho early stag d po ited th or by 
replacement of White lime ton along th imperviou 
barrier form d by the porphyry ill and by th gou<Y 
and quartzite hanging wall of th Tu son fnult. The 
or body i border don the uthwe t b ' man()'nnosid
erito accompanied by patcho and tret\k of magnetite 
ore. It is a varyin()' rrlixturo of pyrite, blendo, O'alena, 
and chalcopyrite and inclucl tlu·e commercial varie
ti , zinc, zinc-lead, and copper ore. A blende-pyrit 
mixture commonly predominate at the to1 of tho 
tope, wherea blonde and <Yalena, the latter in thin 

eli tinct la.yor parallel to the bedding are found in it 
lower part. The ilver content of the e ore i l w. 
Chalcopyrite i in onspicuou in the stop exc pt lo 
by the Tucson fault , but it form promin nt l n e in 
the lowe t part of the tope, which oc upies the fault 
between \valls of iliceous rock , quartzite and por
phyry. It al o extend with th other sulphide a 
hort di tanco into the quartzite hanging wall. Thi. 

one ore body, in short, hows a gradation from th 
gold-copper ore charar.teri tic of the lode in th ea t
ern part of the eli trict to the mixed sulphide ore 
characteri tic of the 11blanket" ore in the we tern 
pn.rt of the di trict. According to Argall 12 chalcopy
rite accompanied by halcocit impregnates ·h zin 
ore in tho stope along fi ures or wat rcourse . lie 
tates that enriched or , compo eel of chalcopyrit , 

chalcocite, and a il,er ulphide, wa concentrate l 
in the fault and for a eli tance of 30 feet from it; but 
no specimens of such ore could b obtained when thr 
mine was vi ited in 1913. 

t one place in the faul , 50 f et northwest of the 
haft and 30 feet b low the i..xth level, a lens of ar e

nopyrite wa found. The lens wa 4 or 5 feet long, 
3 feet wide, and 1 foot thick, lying parallel to the 
pitch of the ore hoot in the fault. At another place 
a pocket in the hanging wall of the fault at the ix.Lh 
level contained di tinct blencle cry tals one-fourth inch 
in diameter, with a few of chalcopyrite inclo eel in the 
outer part of blonde cry tals or perched upon them. 
Di tinctly later than th e was a clepo it of fine galena 
cry tals, orne in clru y aggregat01 lining clepre ions 
among blencle crystal but many in mall talactite 
grown upon blendc cry tal. . The gal na was largely 
coated with a fine du t, which may repre ·ent a se ·ond
ary ilver mineral, as the ore at thi place contained 

0 ounce of ilver to th ton. The appearance of the 
galena i trongly uggestive of econclary ori<Yin, al
though it may be impossible to draw a sharp line 
b twe n primary and conclary galena, a both have 

" Op. cit., p. 265. 

Th fnct how vcr 
a cord with ob. n~ation and th r ult of xperimen: 
talworkwhichhn. b ndi. us dbyW.li.Emmon u 
and \ hich how that c ondary gal na mn.y b d POS· 
it d on bl ndo or pyrite ' h r , ondnry ilvcr u]. 
phid mn.y b dopo iLed n galena , blonde or pyrite. 

Th t pe is conLinuou up Lhe faul Lo tho fifth 
lev l, where it xt nd along th w ·t id of tho Tuc-
on fault for n.bou 150 f t. It is ro fed by another 

porphyry ill, whi h ha a light outhea twnrd pitch. 
Two other op on th ixt.h l v 1, n.bout 300 and 
600 feet northw t of tb. haft, haY the same gcn ral 
chnra ter and variation a th L p ju ·t d cribcd. 
They both extend up to th fifth 1 v 1. 

On the fifth l vel n.b ut 100 f t outh of th haft 
i a top extendin()' about 130 f L fr m a t tow t 
and 0 Je t from north to uth. It ro Lhc line 
of the Tu on fault, b Lh wnll I whi h n.t thi place 
are Whit lim ton . The footwall pari of the tope 
lie betwe n t\ o porph r ill , whi h onvergc wet· 

1 ward. The hangin<Y-wall part roplac Lho battered 
ba alb d of arubrian "Lran ition hal "nnd pa -c 
eastward into a loW-O'l'~td mat rial, \ hich extend· 
a con idern.ble eli tanc farLh r. The hal character 
of the tran ition hal . " i not ver - markc l in this 
vicinity, and a they arc not r a lily li tin ui h d from 
th lower part of tho White lime ton , iL ha b en the 
lo al cu t m to r <Yard the Whit lime t nc a lying di
r tl T up n typi al ambrian quartzit . ( fig. 20.) 

Th nly top open cl on Lhe fourth 1 vel in 1913 
wa~ about 700 fo t northw t of tho haft in the White 
lime tonu hanging wall of th fault, again t a footW1111 
of Pn.rting quartzite. When vi ited it had b n opened 
only for a hort di tanc , and n ad quate idea of 
it outlin c uld be f rm d. It la approximately nt 
water level, and it or , a zin -1 ad ulphid mixture 
wa partly oxidized, oxidation workin()' inward from 
numerou frac ures and bedding plane . 

Ore in cross faults. - orne of tho ro fault in t' e 
quartzite han<Ying wall are metallized. On i aid to 
contain zinc blend pyrit , limonite, and a little cop· 
p r . tain on the eventh level about 200 f et ea t of 
the haft, bowing that locally oxidation ha extended 
con iderably b low the fourth 1 vel. nother cro 
fault ha been worked on the ixth level, about 260 
feet north we t of the haft. The ore at this place runs 
2 ounce of gold to the ton. It con i ts hie:fly of py
rit , blende, galena, and a little halcop rite catLered 
t.l:u·ough a quartz or quartzit gangue. ooty chalco· 
cite ha been deposited along fracture and ha replaced 
all the ulphides to a small xtent. cattered gruiu 
having a blue color ugge tive of covellite and green 
pe k of malachite areal o pre ent. little chalced-

ony or opal was deposited after the black material. 
Thi lo al downward enrichment in copper implie 

"1:. S. Oeol. Survey Bull. 625, pp. 137-140, 1917. 



LOCAL DE CRIPTIO.r S 293 

that the high gold content al o may be due to down-
11ard enrichment. 

Depo its in Blue lime tone.--The ore above the 
fourth level i all oxidized. Three stopes of moderate 

10 mall ize have b en mined in Blue lime tone on 
the third lev l. The large t stope, about 400 feet due 
outh of the haft , li es approximately 'vhere the Tuc

son fault should cro he third level if it w re contin-. 
uou to that h i<Yht . It major axi li at about right 
80gle to the trend of the fault , but its branches follow 
the ame direction as tho e of the lower stop , ug
~ tina that ·he ore r eplac Blu e limestone along a 
~et work of fi.s ures r elated to the Tuc on fault. 
Another ore body, hown in fi()'m·e 1 , lies along the 
fault a the, econd lev l, and still another li not far 
ea t of the fault b neath a Gray porphyry sill. This 
l t-mentioned ore body a outlined by toping, is 300 
feet long and averages 100 f et in width. It western 
half trend outhwe t, at right angles to the fault , 
sod its a tern half trend a little outh of a t. hort 
bra nche from it trend northwest, north, and northea t. 

Direc ly above it i the <Yreat r orth Iron ore hoot 
which al o trends north ast, p11rallel to th roiner11lized 
cross faul and other mineralized fi.s m at low r 
levels. Oxid n,tion pre ent close ompari on between 
the e upper ore bodies and tho e in White lim tone 
along the Tucson faul t, but the large quantiti of 
siliceous iron and mangan e oxide and zinc carbon
ate along the or th Iron hoot (fig. 1 ) how that it 
wa originally similar to he zin -iron-lead ores on the 
fourth, ftfth, and L'\:th level , although th ratio of 
lead to other metals may have been higher. 

R epro entat.ive assar of ore betw en the fomth and 
tenth levels are shown below. The ore that wer 
highest in gold and ilver were much less in quantity 
than the others a may be r ealized from tho plans 
and ection of the topes. The mo t striking featm 
bem·in<Y on o-ene is i that or r pre ented by analy es 
3 4, and 5, whi h strongly r embJe ores of the Winni -
Luema lode, occurred along the arne premineral fault 

ore repre ented by analyse 1 and 2 whi h are 
typical of ore in the blanket depo i of the wes tern 
part of the eli trict. 

Assay of ores in Tucson mine, along the Tucson faltlt and in the Cambrian quartzite 

I 
Gold 

(ounces 
per ton) . - -

Fourth level tope: 
Oxidized ore ______ _ -------------- ------- --- -------- 1 -- ------------ -- -------- ---- ----1 

ore from bottom of Whi te I ulphide ore _____ _ _ 
txth level, mixed sulphide 
limestone t rending into Tu .. on raul< _-- -----:_ -- 0. 45 I 

e in Tucson fault _____ ___ { · ~~5 Seventh level, sulphide or 

Xinth level : 

Sih·er I 
I 

(ounces I per ton) 

-

13. 7 
8. 0 

14 . 0 
17. 15 

125. 00 

I Iron "b.·r:~~a- I Zinc Lead oppcr I Silicn 
(per cent) (per cent) (per cent) I (per cent) (per cent) (per cent) 

I 14. 9 32. 1 22. 1. 2. 3 --------
11. 65 ---------------- - ------- ---- ---_., 26. 2 

13. 2 2. 16. 5. 9 -------- 34. 3 
-------- 2. 7 24. 0 27. 3 -------- 4. 5 

12. 3 9. 95 15. 4 1 .3 --- - ---- 11. 45 I . o~ 
!~_orei~-~~_"'b:<•_•_ qu•,-t•·p~ ii !!; lol ~ 44. 7 ----- --- -------- ---- ---- -------- - --- ----

42. 5 -------- -------- ----- -- - -------- --------
rtzt te ch ao nel a__ __ ___ __ . 3 I 140. 0 15. 0 ---- ---- 17. 0 -- -- ---- -------- 35. 0 

Rich (sort d) silver-go 
ite ··------------

Remaining ore in qua 

-
• ulphur, 25 per cent. 

ADELAIDE PARK GROUP 

The . d laid Park gro up includ th 
·hap l blo k b tw n the Iron and 
and th adjoining ar a b t '' en th d laid fault 
and th Eur ka pip of rhyolitic ag()'l m rate. Th 
wed.g - hap d blo k ha b en d elop d hrough the 
Argentin and Ca.mp Bird tunn 1 and the d ln.ide 
~o . 1 and 2, T rribl o . 1 and 2, ard Humboldt, 
Frenchmo.n and Flagstaff haft. . In th arly eighti 
a consid l'a bl quantit of r was min d in thi ar ·a 
but tho' rkin0 have long b n ina ibl and r ec
ord of h m are insufficient to p rmit a ati fa tory 
discu ion of the r e horizon or to uppl m nt the 
data pr nt din the Lead ille m nograph. 14 

Column J on Plat 59 r pre ont tho horizon at 
which ore i kno' n to ha b een found. The Argon
tine tunnel whi h was dri n outhward from tray 
Horse Gulch, cut trata of steop outh a tward dip 
beginning with Whit lime tone and extending into 
the main she t f White porphyry, which here has cut 
"U.S. Oeol. Sul"\•ey Moo. 12, pp. 401 OS; at lns sheets 26 and 27, I 6. 

d wnward to the lower part of the Blu limestone. 
Other ill of porphyry cut at different interval , are 
repr nted in Plate 13. 

ifo t of the or :first found in d laide ground was 
ea t of the tunnel. It con i ted of mall bodies of 
relativ ly hi<Yh-grade carbonate ore and la for the 
mo t part immodiat l und r the Parting quartzite. 
Later development in th Ward haft of the Ade
laide min found ore at a till lower horizon, ap
par ntly in the tran ition bed ben ath the White 
lim ton . Oro was al o found in the workings of the 
Fr n hman, Humboldt, and Flagstaff min , still far
ther a t, but it exact geologic r lation in these 
mine could not be ascertain d. The Flag taff work
ings are aid to have cut the \..delaide fault. In one 
place drif were run for everal hundred f et along 
the fault, which contained onsiderable dragg d-in 
galena ore. 

Ea t of the Ad laide fault a con id ra.ble quantity 
of or i reported to ha been min d in th Park 
B nton, Morning Glory, and Lady Alice min , and 
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in the Park No. 2 shaft a body of low-grade pyrite 
was found at a depth of 65 feet; but neither the out
lines of these ore bodies nor their geologic horizons 
are known. The ores in these mine , particularly the 
Park Benton, contain d varying quantities of magnet
ite and specularite and in this respect are closely re
lated to the ores of the old Breece iron mine and other 
mines in the Penn group to the ea t. Gold-bearing 
sulphide ore was also found in the Park Benton mine. 

PENN GROUP 

The Penn group of ore bodies which lies beneath 
the northwest slope of Breece Hill, includes one pro
ductive vein and several blanket deposits, some of 
which are of considerable size. The vein was fu·st cut 
on the fu·st lev"el 95 feet west of shaft o. 3 and 0 feet 
below the surface. It consists of a zone of much 
broken and decomposed porphyry between fairly well 
defined walls, with a comparatively narrow seam of 
ore ,pccupying the middle of the crushed zone. Its 
trend is nearly north, b~t its south end bend slightly 
to the east of south and its north end slightly to the 
west of north. It dips 5° W. and ranges from 3 to 
6 feet in width. It was not followed upward to the 
surface, nor to its end in either direction . The work
ings on the vein at the time of vi it con i ted of 
four drifts at depths of 0, 155, 500, and 00 feet below 
the surface. Along the strike it had been opened up 
for a distance of 200 feet . 

The ore in the upper levels was a soft, oxidized, 
iron-stained material with a high content of gold, in 
the middle of a clayey rna s . At the lower levels it 
changed to sulphide, chiefly pyrite much enriched by 
sooty chalcocite, which contained as much as per 
cent of copper and from half an ounce to 5 ounces of 
gold to the ton. A connection between this ein and 
the blanket ore bodies above could not be observed in 
the mine workings, although one may exi t . 

The most productive portion of the area and that 
portion within which the blanket ore bodies are closely 
spaced and comparatively extensive comprises the 
fiat ore shoots worked from the Penn No. 2, P enn 
No.3, Nettie Morgan, Big ix, Li ttle Prince, Ballard, 
and President shafts. These ores replace Blue lime
stone beneath an earlier r eplacement mass of magnet
ite, specularite, and silicates. The unproductive part 
of the limestone has been so greatly changed by meta
morphism and by -subsequent hydrothermal altera
tion and oxidation that it is now difficult to judge of 
the original character of the rock or to determine at 
what horizon the ore bodies occur. 

The available maps of the mines in this area are in
sufficient for the determination of any dominant trends 
to the ore bodies of the group. The altered sedimen
tary formations extend southward past the Penn No. 
3 shaft, beneath a capping of Gray and White por
phyries, and are finally lost in the great stocklike mass 

of porphyry. The Chippewa shafts Nos. 1 and 6 wer 
sunk to depths of 230 and 500 feet, re pectively, with~ 
out penetrating the porphyry. 

On the east the Penn group is separated by the 
Weston fault from ground which has been productive 
but of which no records r emain. Ore has been worked 
in the Eliza and adjacent mines east of the fault, and 

. the ground between the group of ore bodies shown 00 
Plate 45 may not actually be barren, although no pro. 
duction from it is on r ecord. 

On the west the ore-bearing rocks ar cut out by the 
Eureka pipe of agglomerat . Th re are no record of 
the Kent and Ishpeming mines, outhw t of the Penn 
No. 1 haft, and here again the apparent gap between 
the ore bodies of the Penn and Adelaide Park groups 
may be due to the lack of records as w 11 as to destruc. 
tion of ore bodie by the agglomerate. 

Northeast of the agglomerate the limits of the Penn 
group are till more indefinite. The only data ob
tained on mines in thi vicinity ince Emmons' first 
survey are furni hed by recent developments in the 
Great Hope mine. There the ore l1as been found in 
Blu limestone, which i al o known to be mineralized 
in the White Prince, Bosco, and Aero s the Ocean 
mines. This portion of the Leadville district seems 
to have remained comparatively idle for a long period 
A.nd not to have had the attention paid to it which its 
favorable condition would seem to justify. The work 
done ha been abov ground wat r. The ore of the 
Great Hope mine i des ribed on pages 225- 226. The 
workings indicated on Plate 45 were completed by 
1 2 but still repres nt the area fairly well, as prob
ably le s than 1,000 tons of ore has been shipped from 
it since then. 

YANKEE HILL AREA 

The Yankee Hill area., between the Fryer Hill and 
Penn groups of ore bodies (pl. 13), is not known to 
have contained any important ore bodies or to have 
produced any considerable amount of ore. It presum
ably i one of the several comparativ..ely barren and 
unproductive areas that intervene between the more 
heavily mineralized portions of the district. Extensive 
exploration has been carried on in this area, however, 
and has apparently resulted in the eli covery of some 
small, discontinuous deposi·ts . 

ortheast of Yankee Hill the Mammoth Placer shaft 
has been sunk on the north side of Evans Gulch just 
south of the thick glacial moraine. Sulphide bodies 
of low grade and of considerable size have been dis
closed in the lower workings of this mine but have not 
been worked at a profit. orne high-grade ore also is 
said to have been found. The possible extension of 
the Colorado Prince r everse fault in this direction has 
been suggested (p. 76) and if proved will be a favorab~e 
structural feature. Very little is known of the geologiC 
structure here, however, and con8ideuble exploration 
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will be necessary before prospecting can be established 

00 a sound geologic basis. If the Canterbury Hill tun
nel eventually drains this ground, a planned condi
ions for exploration will be considerably improved. 

PRINTER BOY GROUP 

Both veins and blanket deposits are present in the 
Printer Boy Hill area, but no evidence establishing 
their relations was found during Emmons's first survey 
or later. The only depo its of which anything is known 
are the Printer Boy vein and the blanket deposits of 
the Lilian or Florence mine. 

The Printer Boy vein was very productive from 1 66 
to 1870, and was operated through the Upper Printer 
Boy and Lower Printer Boy shafts. Only the lower 
shaft was open during Emmons's first visit, and no 
information about the vein has been obtained since 
then. According to Emmons 15 the vein in Lower 
Printer Boy ground was double, and the two branches 
were separated by 10 or 12 feet of decomposed Gray 
porphyry. The gangue of the ore was also thoroughly 
decomposed porphyry, and scarcely any metallic min
erals were visible in the vein. The rich ore in the old 
workings contain cl visible gold, and that in the deeper 
workings considerable pyrite and chalcopyrite, as well 
as some galena and tenantite. The gold was present 
in both pyrite and galena, and one show specimen 
contained galena crystals connected by a £lament of 
wire gold. Selected specimens were said to have con
ained 122 ounces of gold to the ton, and the average 

content was said to be 3 to 4 ounces. 
The width of the vein ranged from 1 inch to 4 feet 

sod averaged about 7 inches. From the surface to a 
depth of 200 feet branches, some as much as 3 feet 
thick and containing the same kind of ore as the main 
rein , ext nd cl into the w t wall. South drift from 
the Upper Print r Boy shaft wer aiel to be cut off a 
few hundred f t from the shaft by a "cern nt depo it" 
which Emmons interpr eted as 1 1lake b ds." 
A numb r of mall gold-bearing v ins were found in 

the Gray porphyry n ar the Printer Boy vein. The 
most producti of them wa the Fi e-Twenty vein. 
It was op ned b a tunnel which al o cut a. body of 
lead carbonate or , not worth con idering at that tim 
and so far a known not dev lop d lat r. 

The blank t deposi of the Lilian or Florence mine 
are con iderably to the ast of the veins (pl. 45 ) but 
are similar in c ntaining r elatively large quantitie of 
gold . Th y arc in lue limestone, and all but one are 
at the upp r or White porphyry contact. The one 
exception is at the top of the Parting quartzite. These 
depo its are only 2 r 3 fe t thick. The ore minerals, 
according to Emm n , 18 contained, b ides the u ual 
lead carbonate and ilver hlorid , 11 se ral minerals 

uu. S. Oeol. Survey Mon. 1 ~, p. 514, 1 6. 
" Idem, p. 61 0. 

not common in the district, among which may be 
mentioned native gold, vi ible to the naked eye, and 
a sulpho-carbonate of bismuth." The bismuth min
erals, according to Guyard,17 were bismuthiferous 
lanarkite and schapbachite, the latter of which was 
proved later by Laney's microscopic study to be an 
intergrowth of bismuthinite and argentite with some 
galena. 

In a tunnel directly below the main workings Em
mons noted a vein of galena several feet thick in lime
stone. It connected with a blanket body but pinched 
out a short eli tance below it and could not be regarded 
as representing the channel through which the solutions 
rose ; nor although the elongate shape of all the blan
kets indicates that they have developed along fissures, 
have any such feed ers been recognized. The blankets 
are surrounded by " contact material," which r eplaces 
the uppermost part of the limestone in the area be
tween the eastern and western dikes of Gray porphyry 
shown in Plate 13. 

East of the Lilian mine the Minor tunnel was driven 
several hundred feet along the contact without find
ing ore, but ore of good grade was reported in the 
First National mine, farther east. West of the Lilian 
mine some ore was shipped from the Wilson, Bria.n 
Barau, G. M. Favorite, and others, but nothing is 
known of its quantity or quality. 18 

IBEX GROUP 

The Ibex group includes veins and blanket depo its 
within the Ib e.,~ mine itself and the adjacent Golden 
Eagle and Little innie mines , on the west, and the 
Garbutt and Modoc veins, on the east. On the south 
and southwest it can not be harply eparated from 
the Antioch stockwork and the Forest Queen, Tribune, 
and other minor veins. On the north it is connected 
with the Big Four group by the vein designated No. 
20-b in Plate 57. 

IBEX MINE 

BLA:KKET ORE BODIES 

SILICEOUS OXIDIZED AND SULPHIDE OBES 

The depo its in the Ibex group include blankets of 
magnetite ore, veins and blankets of siliceous pyritic 
ores and their oxidized equivalents, and blankets of 
mix d sulphid e ores and their oxidized products, the 
silver-lead and zinc carbonate ores. The first ores 
were discover d in the outcrop of Blue limestone at 
the Little Jonny haft. They were the usual oxidized 
ores typical of the large blanket deposits in the west
ern part of the eli trict. They contained much lead 
a.nd considerable though varying quantities of silver, 
but very little gold and no zinc or copper, although 
zinc carbonate ore with more copper than usual was 

11 Idem, p . 616. 
11 Idem, p . 511 . 
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later found beneath some of them. These 1 ad- ilver 
ore bodi extended as far south as the o. 3 haft 
and downward to the econd and third level , 300 to 
350 feet below the sUl'face, where they were mo t xt n
siv ly developed. 

Deeper xploration p.owed that the lead- il cr r 
was succeeded by blanket of highly siliceous gold ore. 
This ore contained 60 to 70 p r cent of silica and con-
i ted mo tly of loo ely compacted quartz crystal 

accompanied by a more olid cavernou iron-stained 
jasperoid. It content of gold gen rally ranged from 
1 to 4 ounces to the ton, and the gold could not be 
detected by panning; but all through the mine down 
to the seventh level pocket of ore rich in free gold 
were found, lot of a few to 100 pounds, containing 4 or 
5 ounces to the pound, and one small lot containing 
50 per cent of gold. orne of th e iliceou blanket 

The sulphide blanket in developed ground are mo t 
abundant between the third and fifth levels and have 
been worked a low a th eventh l v 1; but ome o! 
the v ins with ' hich they are connect d have been 
mined down to tho bottom level, 1,300 fe t below the 
urJaco. The blank t around shafts o . 1 and 2 ar 

in Blue Jim tone, and those r· ccntly worked north 
and ea t of the Little inni haft arc in White lime-
. ton . Around shaft o. 3, however, om of the ul
phide blank t may be in th Web r ( ~)formation, which 
the outhward pit h of tho trata ha brought below 
the fifth level. Farther outh the Blue lim tone ha 
been downthrown along the ea t sid of the Garbutt 1 

vein, and it po ition ha not b en l termincd, a the 
1 few cro cut to th east have b n in porphyry. The 

structure ea t of the Garbutt v in and outh of the 
Modoc v in i ob ure, but pro p ting for ore bodie , 

FIGURE 98.-Pian or ore bodies in Comstock workings. A-A', etc., lines or sections in Figure 99 

graded into the oxidized lead-silver blanket , but other 
lead-silver blank ts, o far as could be learned, were 
apparently i olated. 

Near the third level the oxidized ore changed to 
pyritic ore, in which iron was u ually in small exces 
over ilica. In thi r pect it differed from the oxidized 
iliceou ore, from which con iderable iron had been 

leached. I ts content of gold ·was generally les than 
half an ounce to the ton, but it il er content ranged 
a high as 40 ounces to the ton, and it uniformly 
contained copper, which in many shipments ranged 
between and 15 per cent. ome blankets of sulphide 
were found, but these were given little attention because 
of their low value, and their relations to the siliceous 
pyritic ore were not definitely determined. They 
were presumably similar to those in the Golden Eagle 
workings, described on page 300. 

in the limestone there is justified. The upward-taper· 
ing wedge between the Garbutt vein and the The+ 
No. 4 vein is also complicated by porphyry intrusions 
and little under tood; it apparently de erv further 

1 exploration, but it may terminate upward below the 
base of the Blue limestone. ( ee ections on pl. 2 .) 

MAGNETITE DEPOSITS 

On the west side of the Ibex No. 4 vein down faul t· 
ing has brought the Blu e limestone down to the ixth, 
seventh, and eighth levels, where it ha been explored 
in the vicinity of the Ibex No. 4 and Hopemore hafts. 
(See pls. 57 and 6 .) 

Near both shafts it is extensively r epla ed by bodies 
of sulphide ore and also by magnetit erpentine, which 
is not worth mining and therefore is but little develope<!. 
The magnetit - ·erpentine bodi are v ry itTegular, 
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incipally becau e of the irregular intru ions of Gray 

prrphyrY that form mo t of their boundaries. 
poThe serpentine commonly form ca ings around 
the purer ma ~es of magneti~e. The m~gnetite, de
cribed in detail on page 150, 1 accompamed by spec
Jarite small amounts of pyrite, a littl chalcopyrite, 

0

0d u ~ally mano-ano iderite. It contains 40 to 48 per 
~at of exc iron , 1 to 4 ounc of silver to the ton, 
rery little gold , and u ually less than 1 per cent of 
copper. In some plac it apparently grades into 

E. 

and nothing definite is known of the location or min
eralization of the White lim tone west of No. 4 vein. 

The magnetite just ea t of the Hopemore shaft in 
the Com tock working , is of particular intore t in 
showing the relation of magnetite to iliceou pyritic 
ore. It is above the seventh Ibex level throuo-h 
which it wa worked. When tudied by ' Irving bit 
had been opened for a length of 200 feet in a north
west-southeast direction and a width of 90 feet (fig. 
9 ), but it limit had not been fully determin d. It 

s w. 

+ T 
SECTION A~' 

S W. 

SECTIO B -.B' 

SECTION C'-C' 

50 0 50 

F IG RE 99.-

~liccou pyritic ore bu t in other it i di tin tly cut 
hy the pyritic ore, and the apparent gradation may 
he due to u b cq u cnt replacomcn t of the lime tone at 
the margins of th magn tite. Th magnetite bodi 
~n omc plac ar al o onfusingly mingled~ ith blui h 
J~pcroid or ilicifi d lim tone, ' hich h often been 
mi taken for quartzite. 

No magn tite bodi hav b en found below the 
eighth lev 1 n ar he Ibex No. 4 haft, but the only 
working bel w the Blue lime ton e are in porphyry, 

N E. 

+ + 
+ + + ... .. . .. 
+ • + 

+ • 
·whde • 

,por~li"!;Y 

SECT.ION .D-:D' 

100 zoo 2:50 FE[T 

wa b und d on the north a t b the Ibex o. 4 
vein and on the outhwe t it grad d in o lime tone. 

A. rai wa put up for 290 f et abo o the seventh 
1 alono- th dip of the vein . The footwall of the 

in ' a lickensided Whit porphyry, and the edge 
of tho ein along it con i ted of om what brecciated 
and partly oxidized ulphide or . The hanging wall 
wa magn tite r placing Blue lime tone for 125 feet 
above the enth le eland Gray porphyry still higher, 
a ho' n in Figure 99. The v in continued upward 



298 GEOLOGY AND ORE DEPOSITS OF LEADVILLE MI -r~G DI TRI T, COLORADO 

between the two porphyries but was of too low grade 
for mining. 

The ore body adjacent to thi rai e extended 60 to 
100 feet east from the vein fissure into the lime tone, 
and it was stoped up for a vertical distance of 100 
feet to the overlying Gray porphyry. The larger 
portion of the ore mined from it was compo ed of rather 
coarsely crystalline pyrite with some chalcopyrite 
and subordinate quantities of magnetite. Thi ore 
had a rather high content of gold and silver with some 
copper, and its high grade was attributed by Irving 
to enrichment. In small scattered portions of the sul
phides the gold content wa as much a 2 or 3 ounces 
to the ton. The stope at the time of Irving's visit had 
produced approximately 25,000 tons of ore. 

In the unmined portion of the or body the magn t
ite, with negligible gold content, formed a mas aR 
much as 20 feet thick. In some places it was 
very fine grained, with grains averaging le than 1 
millimeter in diameter and preserv d bedding plan 
of the original limestone, although it boundaries did 
not conform to the bedding. It contained dis emi
nated sulphides and in: gularly cattered grain of 
white material, presumably mangano iderite or a clay
like replacement of it. At one place, where the mag
netite was most free from cavities or other minerals, 
it inclosed an unreplaced remnant of altered limestone 
or manganosiderite. Where the magnetite wa coarse 
grained it was usually accompanied by con iderable 
quartz and sulphides, which locally exceeded the mag
netite. Some isolated bodies of coax a-grained magnet
ite were so lot>sely compacted that they could readily be 
-crumpled to a mass of loose crystals. The sulphides 
where less abundant formed irregular patche con i t
ing mainly of pyrite, from which short stringers radi
.ated. Where more abundant they were cro scut by 
veinlets of pyrite crystals as much as three-eighths of 
an inch in diameter. Locally the ore con isted of 
-sulphides and quartz. Where the magnetite and sul
phides were about equally abundant a few crystals of 
vivianite were found. In a few places chalcopyrite 
-exceeded pyrite. 

To the southwest of the magnetite body three minor 
pyrite veins (Nos. 69, 70, and 71 ) were expo ed in a 
-crosscut extending southwestward from the Ibex No. 4 
vein (figs. 98 and 99) . These contained, besides pyrite, 
-considerable sooty chalcocite and some bornite and 
were coated with water-soluble sulphates of iron, zinc, 
and copper. 

At the beginning of this crosscut the ore along the 
southwestward-dipping Ibex No. 4 vein was 20 feet 
thick and graded into Blue limestone on its southwest 
-side. It was free from magnetite. Barren limestone 
intervened between this vein and the next vein , No. 69, 
100 feet to the southwest, which dipped 80° JE., con
verging downward with the westward-dipping No. 4 
vein, of which it may therefore have been a branch. 

Its foot' all was slickensid d ray porphyry and . 
irregular hanging wall Blu lim tone. It was 2 t 

1 

feet thick and was followed for ome di tance south~t~ 
ward and upward to the blank t of sulphide show · 
Fi{ruro 9 . Both vein and blanket were free frommn 

10 

. ~ 
n tit . 

Veins o . 70 and 71, farth r southwest, were a~ 
sulphide veins fre from magnetite. The Iimesto 

0 

between them wa considerably rpentinizcd and co:~ 
tained irregular patch of sulphid mixed with mao. 
netit?. In some ?f these patches the magnetite w~ 
ma s1ve and con tamed only a f w small grain of pyrite· 
in other magnetite and pyrite were about equall; 
abundant; in till others magn tite and zinc blendewe;e 
intimately mixed and had evidently grown at the arne 
time. These patch had sharp wavy boundaries and 
had clearly replaced the lim tone. 

The evidence pr nted by th e ore bodi indicates 
an early depo ition of magnetite with a minor quantity 
of pyrite and locally zinc blend . The adjacent lim~ 
tone wa altered at about the ame time to pyroxene 

and mangano iderite. To be more xact, the pyroxene 
wa probably d po ited first and wa followed bymaa. 
netite, which was accompanied in it later tag a;d 
al o followed by mangano id rite; but 'the evidence is 
obscured by sub equ nt alterati n of the pyroxene 
erpentine. Th newly form d magnetite bodi 

fractUTed and faulted , and the siliceou pyritic 
' a deposited along the fis ill' , pread along 
adjacent lime tone beds, and impregnated the 
ite body. The solutions that depo ited the 
ore also altered the pyroxene to erpentine. 

VEl-

The Ibex No.4 vein, the northw tern part of 
cuts the magnetite body just described, is the 
of the veins in the large Ibex group hown in Plate 57. 
The e vein are closely spaced and occupy at I t 

four intersecting systems of fault and fissures. Fif· 
teen of them are cia ed a major v ins, but tho ed ·. 
ignated No. 4 and No. 5 and the Garbutt vein over· 
shadow t.he others in importance. Nos. 4 and 5 have 
often been called the front (w tern) and back (east· 
ern) veins. They are about parallel in trike and dip. 
They are of crescentic form and in strike are concave 
to the west, but in dip they are convex to the west, as 
illustrated in Fig UTe 54. The No. 6 vein parallels the 
No. 4 on the west and is so clo ely connected with it 
by blanket replacement depo its that it may b~ r~· 
garded as an auxiliary vein. The No. 63 velD 15 

without doubt the upward continuation of the No. 
4 vein. 

The No. 4 vein extends from the thirteenth or Yak 
tunnel level upward to the third level, where it assu~es 
a low angle of dip and connects with blanket bodi.es 
above. (See pl. 28, sections K- K' and L-L'.) In Its 
central part it bulges enormously to a lenticular foJ1ll 
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aud in sorne places attains a width of 200 feet. This 
bulue is undoubtedly due to the ready replacement of 
shattered Blue limestone on the footwall side of the 
fault and where widest, on ~he seventh level, connec~ 
the 0. 4 with theN o. 6 vem. rr;he. length of the vem 
varies on different levels, but 1t 1s greatest on the 
;eventh level, where the vein has been explored from 

1 
point 100 feet northwest of the Hopemore shaft for 

9 00 feet to a point nearly 600 feet south of the Ibex ., 
Xo. 5 shaft. 
The ore in theN o. 4 vein was predominantly pyrite, 

part with a quartzo~e matrix and part with~ut . It 
rontained gold and s1lver and commonly considerable 
ropper in the form of chalcopyrite. In the central 
bulge the ore consisted of pyrite cry tals, single and in 
dusters, set in a solid grayish matrix of quartz or 
j peroid. Where it was oxidized the pyrite crystals 
rere removed, leaving a honeycombed ru ty mass of 
quartz, in which the openings had the form of the di -
rolved pyrite crystals. Much of the partly oxidized 
ore consisted of a loose aggregate of pyrite crystals 
mingled with grains and crusts of quartz and loose 
particles of iron and copper sulphates. The vein was 
~rgely oxidized on the second level (vein Io. 63) but 
ronsisted of sulphide ore south of the No. 3 shaft, 
rbere the country rock is "Weber grits. " 
The No.5 vein is relatively narrow, attaining a ma.-..;:

imum thickne s of about 15 feet. On nearly all levels 
i was followed on the strike for about 500 feet or 
somewhat less. Its ore was similar to that of No. 4 
vein. It also passes into flat blanket bodies j u t 
above the second level. (See sections M-M' and 
~- ', pl. 28.) 
The o. 1 vein appears to belong to this same y -

!em but was definitely known to Irving only on and 
above the first level, from which it extended almost 
up to the urface. It wa exten ively developed on 
ihe first level,' here it had a known length of 60 f et. 
The o. 1 vein was u ually from 6 to 12 inche wide 
in its productive portion but narrowed down to a 
mere streak in oth rs. This vein wa in porphyry 
throughout the larger portion of its length but pas ed 
into carbonaceous "Weber gri 1..s" to the ou th. In 
the porphyry the ore wa all oxidized and had a high 
gold cont nt, but in the" Weber grits" it wa sulphide 
of comparatively low grade. The change was abrupt. 

The No. 2 vein extends upward from the cond 
level through the first to the C level, and its lo·we t 
exposed portion i well above the blanket bodie in the 
!mmediate neighborhood. Its greate t explored length · 
ts 350 feet. It belongs to a northea t-southwe t group 
bu.t appears to be of the arne age a the ere cen tic 
:ems No . 4 and 5. Little could be learned r gard
tng it. 

The No. 3 vein i. a curved vein on the econd level 
which may be a continuation of No. 5. East of the 
~o. 3 shaft is a compl x group of small vein arrying 

pyrite and chalcopyrite. They are Nos . 14, 15, 16, 17, 
32, 33, 34, 35, 36, 37, and 3 . They form an interlock
ing series and are connected with the large blanket 
body on the third level. Their character may best be 
seen on Plate 57 in plan and on sections 0-0', P- P', 
Q-Q', Plate 2 . The No. 15 vein is probably a 
northward continuation of the Garbutt vein. Its 
northern part forks , and both forks (veins N'os. 14 and 
15) curve sharply ea tward and fall in line with the 
Modoc vein, to the ea t. The presence of these veins 
where the Garbutt and Modoc faults should join em
pha izes the suggestion that prospecting is justified in 
the down-faulted limestone to the southeast of the 
junction. 

The No. 7 is a north-south vein which has be n 
most extensively worked on the ninth and thirteenth 
levels. Its intersections with other veins have not 
been exposed. It dips ea tward. The No. is a 
minor vein known only on the ninth level. It dip 
75° NE. The Io. a vein has likewise au easterly dip 
and has been worked on the eighth level. 

The Io. 10 vein, sometimes called the Hahne1Vald 
vein, i worked on the eleventh, twelfth, and thirteenth 
le el . It has a total known length of 06 feet on the 
eleventh level. It contains chiefly sulphides audresem
bles in most respects the other veins of the area but 
differs in producing from the Hahnewald stope a large 
amount of very rich gold ore. The gold was found a 
thin films in heeted porphyry. 

The o. 20a v in has been worked on the tenth 
level and thence almo t up to the seventh level, where 
it widens into a blanket body in limestone. Only its 
po itiou on the tenth level is howu on Pla.te 57. The 
vein i reached by a long crosscut eastward on the 
tenth level, and its north end lies about 150 feet south
ea t of the ro. 2 Ibex shaft. It strikes slightly west 
of north dips about 0° E., and ha.s been followed for 
3 0 fe t, but it southward termination has not been 
reached, and on the north it terminates at a fault, 
beyond which its continuation has not been found. 
It i di tinctly a filled fissure and not a replacement 
vem. It i from 3 to 9 iuche or more thick and cou-
ist of pyrite, roo tly coarse grained, mixed with 

chalcopyrite and considerable chalcocite and accom
panied by no gangue. The filling for the most part, 
adher tightly to the well-defined walls. The walls, 
wherever ob erved, are porphyry. The ore in the vein 
was of good grade, containing 10 per cent of copper, 
30 to 40 ounces of , il ver, and half an ounce of gold to 
the ton, and littl or no zinc. The blanket body con
nected on the eventh level contained 15 to 20 per 
cent. of zinc but wa much poorer in copper, as down
ward enrichment wa there unable to take place so 
readily as in the vein itself. 

All the e vein , both large and small, either connect 
wit.h or terminate in blanket deposits of greater or less 
size, uud unque tiouably fill the conduits through 
which solution arose to replace the strata with ore. 
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GOLDEN EAGLE VEINS AND BLANKETS 

The Golden Eagle !!round li - to the north and 
norLhwe t of the Ibex o. 2 haft. I t compri e th 
Little innie claim and part of maU claim immedi
ately north and north a t. Th only part of it , tud
ied was that l a d to John Cortellini and oth r in 
1922, at and below th Ibex s ,.,. nth l vel. Th oun
try rock there expo ed include the Whit lime tone, 
the Parting quartzite, the lower part of the Blue lime-
tone, and everal ill of bleach d porphyry. rr -

lation of thi porphyry a White porph r i in ac ord 
with Plat.e 13, but, owing to th imilarity of the 
altered White and Gray porphyric in this vi inity 
orne of the ill may be bl ach d Gray porphyry. 

Th trata undulate to som extent, but the pr ail
ing tru ture is ynclinal (fig. 55) with a northeast 
limb dipping at least 45 ° W. and a outhwe t limb 
clipping 20-30° E. 

The principal vein in thi ground i the Ibex o. 9, 
called the " Big v in," which fill a fault fi . me trend
ing north-northeast and dipping 70° E. on the c onth 
level and below. It send out branch vein at a f w 
places and is al o connected with blank t replacement 
depo i ts in the White limestone. The o. 9 v in pro
jected upward would conne t with old blanke topes 
on the fourth and third level . · 

Jcar th Littl Jonny haft, 0 and 100 feet ea to( 
the o. 9 in , there arc tw vein which parallel the u 
No. 9 in trike but dip 70° W. Th y arc develope<~ 11 
along the trike f r 0 f ct or m rc nncl a l o connect if 

with blanket rcpla erocnt d po it . The a tcrnmost 
vein, locnlly call l the " n t v in," is int r ccted by ~ 
a mA.ll ci n trikiog a.b ut 0° E., nncl ore was 
followed in a inuou urso along th g norallineo! ~I 
inte1 e tion for HO fo t in th " orkscrcw" ra~e. 11 

Th rai e wa~ not acce ible at th t im of v· it but 
the local tru tural onditions uggc t that the ra~e Dl 

topp cl at or near th ba e of a porphyry ill. I! 
W t of th Jo. 9 v in two lin ar group of blanket ~ 

r placement depo it have b co d v lop cl along the ~: 
our~ of mall v ins a hown in Plate 57 ancf Fig

ure 55. o far a r cords how, only one mall re- le 
plac ment body (on th third lev l) h b co found in ~ 
the Blue lim ton abov th m, and th ground np- il 
pear uncle loped an l promi ing; but h r , a else- tt 

wher , record of old workincr may not have been II 
k pt. The ground we t of th e linear group of ore 
hoots i A.l worthy of pro pecting for or f imilar 

grade and xtent. 
ailable data on th ore h ipp cl fr m thi ground 

a.re gi en b low. The oro hipped in 1922 came from 
th repla c mcnt hoot on th Ibex evcnth I vel, but 
the cur of arli r hipment ar not definitely 
known. 

Content of ore shipped from the Li ttle Vinnie ancl adjoining claims, 1902-1 022a 

Year Operoior Closs or ore I 
Gold (ounces 

per ton ) 

I 
il • er (ounces Copper Lead ( per 

per ton ) (per cent) 1 cent ) 
Zinc (pcr Si lica (per 

cent) cen t ) 

1902 G~\~e~i~~f~~cla':~t~~~ - ------------------- ---1 0. 4C 20.0 0. 9 ~- ------- ---------- --------- -- ---- -
1905 _____ do ____ __ ___ _____ ---------------------- 2. 50 . p . 003 0. 3 -------- ________ ------- -

~ :~~ ~-- -;~d;i~~1-i~--~~ ~~~~~~ · r;;;:;l~;;o·u-s-:~1;~1-i~~~ ~ {0.30- i§o 
1
5. 2- 1I: ~ ======= =~ ---~--~-- --4~9_:-_- i - }--- ~~--~ - ~ --- ~--~-· 

I . 704 I. 05 I . -------- 6. 5 
1911 __ ___ do ______________ Dry iron sulphide.---- 1 . 3 1 9. 5 . 7 1 1.15 6. 3 ------- ---- ----
1915 ___ __ do __ ____ Dry sili ceous sulphide.. . 408 10. 1 ~1. ~- 5 ---------- - - ------ ·- -- ·----
1917 __ ___ do _______ ----- Dry siliceous oxide ____ 1. 249 4. 79 . . 1 ---------- 52.7 . li 
191 , _____ do __ ______ ______ Dry siliceous sulphide __ . 573 5. 40 I . 5 . 7 ------------ - ----- -------· 
1919 ____ _ do ______ ________ Dry siliceous ox ide___ _ . 936 1. 57 ________ --- -- --- ---------- 57. 7 21.3 
1919 Golden_ E~gle lea e __ _ ------?~--- --- -- --. ____ 1. 656 I 4. 3 . 4 . 05 ---------- 55. 2

1 

21.4 
1920 ew Vmmc Co ___ ___ _ Dry siltceous sulph tde__ . 900 5. 93 1 . 6 -------- ------ ---- -------- ---··--· 
1921 _____ do__ ____________ 'ilice~t~ copper ox~de __ . 7 4 

1 
13. 96 2. 5 . 4 3. 0 

1 

44.0 24.0 
1922 Golden Eagle lea e ___ 

1 
Dry slllCeou sulpbtcle __ . 7 I 12. 72 2. 2 I . 9 ~ ---- - - ---- --- ---- - ,---··--· 

•" Oxide" ore includes all containing less than 10 per cent sulphur. b Wet. 

GARBUTT VEIN 

The Garbutt vein (pl. 57 and fig . 29) i one of tho 
roo t continuous in th eli tri t . It ha b en developed 
for a horizontal di tance of n arly 2,000 feet and to a 
maximum depth of 1 300 f ct. o far a develop
ment how, it forms the ca. ,t boundary of the Ibex 
group from the Ibex No. 3 haft southward. - It 
northern part trend a f w degree ea t of north 
and approache a subgroup of hort cr centic \ein 
that curve sharply from northward to northeastward 
and fall in line with the Modoc vein (pl. 57). In 

the vicinity of the Garbutt haft, about 300 feet 
from it northernmo t openings, the Garbutt vein 
curv to a outh- outhwe t direction , which it 
follow for 1,300 fe t before it again curv · to a 
north- outh cour c and narrow to a f w inches in 
width. About 00 f ct outh- outhwc t of the Gar· 
butt haft the Garbutt and Ib x . 4 vein come very 
clo e together at a very low angle, and the Ibex o. 4 
merg with the outh Ibex tockwork. Tho o. 4 
pa es within 20 feet of the tockwork and i connected 
with it by mineralized fracture . 



LO AL DESCRIPTIONS 301 

more along the trike and for an av rage ' idth of 50 
feet. Its thiclmes · ranged from feet or more do' n 
to a few inch es . About 20 feet west of th e haft it 
pinch es and plunges to the next tra tum of grit b elow , 
and 50 f et farther west it pinches to a thin layer 
which joins a minor vein parallel to Lhe main Garbutt 
v ein. Thi hoot like tho e within the ein, i con-

The dip also varies . From the surface down nearly 1 

to the tenth level (Ibex seventh level), a depth of 700 
(eet, it is about 70° W. From the tenth to the twelfth 
level (150 feet) it i vertical. Then the vein thins to 

101ere streak and extend for a hort di tance east
~· ard in a horizontal po ition before it a urn a dip 
of60°-65 ° E., which persists down to the bottom (Ibex 
birteen th) 1 vel. I trolled by haly bed abo and below the r eplaced 

b d. 
lthough the V'ein has b en pro pect ecl thorough! -

through a great part of it extent, detailed mapping 
of the haly and other bed and the porphyry intru ion 
is likely to indicate promising ground that ha not been 

The succes ion of wall rock (fig. 29) has been deter
mined only ' here the vein was ac~essibl e in 1919 and 
!922. The vein had been reported to lie entirely in 
porphyry except at its lowe t level , but the upper 
levels are in "Weber grits" cut by porphyry sill. 
The vein fissure, a hown on the fifth (Ibex fomth) 
level, is clearly a fault between a footwall of Gray 
porphyry and a hanging wall of "Weber grit," but 
the amount and dir ction of faulting can not be deter
mined. From the fifth to the thirteenth (Ibex tenth) 
level the west wall could not be studied. either 
could the east wall b etween these eoth and fourteenth 
lel'el . On the thirteenth level the we t wall i Cam
brian quartzite overlain by the dark "transition 
>haJes," which dip steeply ea tward near the vein 
o"·ing to downdrag dming faulting . The east wall on 
the thirteenth and lower level is mainly Gray por
phyry with a few inclo ed large slab of dark shale 
that have been dra.gg d into a moderate to steep ea t
md dip. Although the Blue and White limeston 

, adequately xplored, both at plac along the main 
vein, and at places where minor vein internect lime-

ha ve been found along the Ibex No.4 vein 300 feet 
10 the west, no limestone has been reported along the 
Garbutt vein. The position of these formations on 
he west ide of the vein is approximately indicated 

in Figure 29, but the corre ponding position on the 
e t ide can not be reliably indicated until it is 
known whether the dark shales on the lower level are 
certainly " transition hales" at the top of the am
brian quartzit and not d ply down-faulted "W ber 
hal ' and until th tructural details of he Gray 

porph r intrusion ar b tter tmder tood. 
Ore ha been min d from the outcrop n the T gro 

Infant claim, l,OOCH et outh- outhw t of th Garbutt 
shaft, down to the lowe t l vel , but the b tier grade 
o( ore have be n found in y lindri al or cigar- haped 
·hoot that pitch outhward at a v ry low angle, I 

parallel to the pitch of th b ed in the walls. o far a 
acces ible workings afforded evidence, the vein pinches 
where one or both wall a.r hal , and the shoot are 
found between th e pin hes. The shale beds in the 1 

"Weber grit " as w ll a the Cambrian "transi ion 
hales" are eff ctiv barri rs to or hoots. The or 
, pyritic and is typically thouO'h irregularly enriched. 
The higher grade are commonly rumbly and stained 
black by chalcocite; the unenriched ore is hard granu lar 
pyrite, much of which i too lean to pay for milling. 
.o.n the fifth (Ibex fourth) level the vein m rg 

With a blanket replacement deposit in coarse-grained 
''Weber grits," which ha b en mined for 200 fe t or 

ton or limy beds of the 11 Weber grit ." the 
bottom level is the lowest that can be drained by th 
Yak tunnel, exploration at greater depth will b more 
expen ive; but the pr ence of enriched ore at the 
bottom level hould encourage deeper development if 
detailed mapping of the trata indicates that the truc
tur e i favorable for ore shoots . 

Drifting outhward ha ceased on the different le,el 
after continuing for some distance along very narrow 
parts of the vein, and it thu appears that mineraliza
tion ha been weaker to the outh of the outh Ibex 
tockwork than it ha been to the north, especially in 

the tructurally complex ground around the Ibex o . 
3, 4, and 6 shaft . Cro cut westward from the outh
ernmo t expo ure of the Garbutt vein on the econd 
and Negro Infant level have exposed some mall vein of 
approximate north- outh trend, one of which has b en 
follow d for 150 feet on theN egro Infant level without 
marked succes . The Agwalt tunnel, about 300 feet 
below the Garbutt second level, ha al o cro cut the 
ground in thi icinity, evid ntly without opening veins 
of work~tbl iz . In pi e of the e adver e indi ation , 
how v r, furth r prosp cting may be more ucc ful. 
The turning and pinching of the Garbutt v in and the 
pr ence of the mall p!liallel vein w t of it sugg t 
that there has be n a break in th continuity of fi -
uring and that at a moderate though indefinite 

di tan e farther outh the fis ures may resume a 
outh- outhw t trend toward the Printer Boy and 

Lillian depo i t . The amount of bleached mineralized 
rock on the surface al o sugge ts that at some plac in 
this area there may be one or more veins of workable 
ize and grade. The local structural details, however, 

are too little known to serve as definite guides for 
pro p cting. 

SOUTH IBEX STOCKWORK 

The South Ibex tockwork is 00 feet southwest of 
the Garbutt haft. It is of lenticular outline, and its 
long axis strikes N. 33 ° E . and dip 6 °-70° W ., 
nearly parallel to the dip of the Garbutt and Ibex 
No. 4 vein which ar ea t of it (pl. 57). Its strike 
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length is 330 feet, and its dip length 550 feet. A con
siderable part of it is a much as 60 feet thick, and 
it is locally as much a 120 fe t thi k where offshoots 
are present. This tockwork \ a di covered on the 
Garbutt second level 25 feet we t of Ibex o. 4 vein 
and was followed down to the venth level. It was 
worked from 1915 to 1919. The production ranged 
from 200 to 250 tons a day and hipm nts averaged 0.21 
ounce of gold and a few ounce of ilver to the ton . 

orne shipment contained 1 ounce or more of gold to 
the ton. Thi depo it i of pecial mineralogic interest 
because of the presence in it of the tung ten minerals 
wolframite and scheelit .1g 

The ore body occupies a shatter d zone in 11 Weber 
grit ," which contain ills of Gray porphyry. Tho 
relative proportions of the two rocks are not d finitely 
known, but the "Weber grit " which ha\e been 
locally called 11 quartz porphyry," predominate. Both 
rocks are silicified, sericitized, and pyritized, and their 
identity in places is uncertain without micro copic 
study. In the most thoroughly altered rock the miner
als are more coarsely cry tallized than el ewhere and 
the identity of the rock i completely d troyed . 

The ore occurs as a network of einlet and irregular 
bunches which bind together the fragments of altered 
rock. Ore of shipping grade occupies the outer and 
upper parts of the ore body and incloses a lenticular 
core of milling ore which decrea es in value inward. 
On the second level a well-defined footwall with a thin 
gouge is exposed for 50 feet , and recent work ha di -
closed at one place a slickensided hanging wall. In 
general, bowev~r, there are no di tinct walls, and the 
ore grades outward into material of similar appearance 
but of low value. This prevailing absence of walls 
prevents a correlation of the hatt red zone with the 
intersections of fissures, but it is urmised that the 
major dimension has been controlled by one or more 
fi sures parallel to those containing the Garbutt and 
Ibex No.4. 

ince the foregoing was written Augu tus Locke has 
examined the outh Ibex depo it and noted similari
ties between it and certain other ore bodies, notably 
that of the Pilares mine at acozari, Mexicc. Accord
ing to his interpretation, rising solutions were at first 
able to enlarge their conduits by di solving the wall 
ro?k. The removal of support by this process allowed 
the wall rock to be shattered by pressure of the over
lying rock mass . The solution penetrated the shat
tered mass, and dissolving and shattering accompanied 
by slumping continued as long as the solution could 

dissolve rock matter without depositing an equal v 
1
. 

urn of material in its place. The limits of the slump~ 
~a of. corroded fragments are mar~ed by vertical 
shckens1ded fissures, along some of which the amount 
of slumping can be measur d. The inclination frolll 
vertical of the poorly expos d walls of the outh Ibex 
mass may be attributed to tilting during po tmineral 
faulting. The stage of corrosion was followed by on& 
of partial replacem nt, and finally by deposition of ore 
and gangue in crus around the fragm nts.2o This 
explanation has mu h to comm nd it, but evidence in 
the outh Ibe."'C depo it do not show to what cxten 
battering wa duo .to ?mpl x premincral fracturing as 

oppo ed to fracturmg mduced by the corro iva action 
of tho olution. Th r i no doubt as to the corro ion 
of ro 1 along the complex fractur , one they wer& 
formed. 

The principal ein min ral aro quartz, pyrite, woU. 
ramite, and cheelite. ericite in parall I growth with 
quartz lie along th walls of the einlets. The quar z 
occurs roo tly as typical colorl s crystals 2 inches in 
maximum length, whi h line caviti s and are in part 
en,eloped by or in parall l growth with pyrite. 
Locally, where tho crystal are crowded together, the
quartz has a mas ive milky appearance. 

The pyrite is well di tributed throughout the vein
let and occurs roo tly in groups of rather large crys-
al . ingle crystal of cubic form with edges 5 inches 

long ha e been found. The pre ailing type of crys
tal is a combination of the cube and pyritohedron with 
~everalless common forms repr on ted by small fac . 

orne of the triation on the cube faces are unu unllr 
large and are more aptly de cribcd as ridge . Besid~ 
the parallel growth with quartz, the pyrite how in 
places n marked intergrowth with wolframite. Paral
lel growth with • cheolite, though noted, is not com
mon. The pyrite ran()' from v ry hard to rumbly. 
The crumbly variety, pecially where tarni hed or 
coated with black films, has the higher gold content. 
The large crystals as a rule are poor in gold, but they 
have proved very efficient a detectors in the radio· 
telephone. 

The two tungsten minerals are found along the walls 
of vugs and are too thinly and irregularly scattered 
to be regarded as a commercial source of tungsten. 
They are distributed throughout the middle part of 
the western pay shoot of the ore body and are closely 
as ociated; but the scheelite i more abundant on the
upper and the wolframite on the lower levels. 

••Locke, Augustus, Formation ol certain ore bodies by mloerallr.atlon s!llplnr 
Eeoc. Geology, vol. 21, pp. 431-453,1926. 
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Contents of ores shipped from the Garbutt lode and outh Ibex stockwork, 1913-1922 

Claim and class of ore Year Ore . Gold (ounces Silver (ounces Copper (per Lead (per Zinc (per 
(tons) per ton) per ton) cent) cent) cent) 

Silica (per 
cent) 

Iron (per 
cent) 

Sul
phur 
(per 
cent) 

~---~-----!--- --- - - ---1- ---- ----

· Crispin: 
Average contents --------
Representative lots-

Dry siliceous sulphide. Do _____________ _ 

0. 15 25. 0 

. 09 35. 45 

.11 2. 15 
Do .. ------------ 1913 2, 253 1. 30 11. 45 Do ________ ___ __ _ 

Copper sulphide ___ __ _ 
Do_. _-- --- ---.--Do _____________ _ 

Dry siliceous sulphide----_ Hll4 

Do.-------- ------ -- - 1916 
DO------------------ 1617 
DO .--------- ------- - 191 

Dry iron sulphide _________ 191 
)lrbutt: 

Dry siliceous sulphide-
Range ____ __ ________ } 

1914 Average ___ _________ _ 
Dry siliceous sulphide.- ... 1915 

Do ----------------- 1916 
Dry siliceous oxidized _.... 1916 
Dry siliceous sulphide _____ 1917 

Do ..... ---------- --- 191 
Dry iron sulphide _____ ___ _ 1918 

Do _________________ _ 1918 
Dry siliceous sulphide _____ 1919 

Do __________________ 1920 
Dry iron (?) sulphide._____ 1920 
Dry siliceous oxid ized _____ 1921 
Dry siliceous sulphide _____ 1922 

·1ud Hicks: 
Range.------------------~ Average __ ___________ ___ _ 
Represen~ative lot - 1914 Dry trOD _______ ------

Do --------------
Copper iron- - - - ---- - -

Dry sulphide _____________ 1917 
Dry siliceous ulphide _____ 1918 
Dry iron sulph ide _________ 1918 
Dry iron oxidized _________ 1918 
Dry siliceous sulphide _ _ _ _ _ 1919 
Copper-iron sulphide ______ 1920 

:;ringfield : 
Dry sil iceous sulphide ____ _ 1917 

Do _____________ ____ 1919 
Ytry Alsberg: 

Dry iron sulphide-
Range __ __ ___ _________ }1914 

vcrage ____________ _ 
Lead-copp r sulphide ______ 1915 
Dry ulphide _____________ 1916 

Dry ilic ous sulphide _____ 191 
Do _________________ 191 

1 5 { 

221 132 
93 
22 

. 64 

. 46 

. 27 

. 29 

. 115 

. 175 

. 635 

. 299 

. 232 
'218 

13. 4 
20. 10 
40. 22 
46. 65 
10. 65 

5. 55 
5 . 2 

. 20 
10. 71 I 
11. 05 

2 089 { . 085- 475 3. 55-30. 75 
' . 200 10. 70 
~636 . 7 6 . 726 

155 .233 12.39 
79 . 612 1.03 

870 . s41 10. 41 
646 . 289 11. 21 

5 .062 5. 08 
434 . 312 11. 57 
429 . 7 7 8. 35 
122 . 114 14. 96 

72 . 699 12. 10 
50 . 026 3. 1 

139 L 243 12 59 

20 
49 

. 56 3. 2-38. 15 

. 120 19. 73 

.0 26. 15 

. 29 9. 7 

.11 36. 45 

. 11 2 . 
75 8. 51 

1. 138 8. 40 
. 230 7. 37 
. 306 7. 11 
. 054 12. 17 

. 461 6. 15 
'745 5. 33 

. 19-. 73 3. 75-19. 0 
. 294 . 16 
. 611 4. 37 

1. 374 4. 55 
L 965 3. 54 
3. 337 3. 36 
2. 478 2. 55 

Do _________________ 1917

1 Do _________________ 1919 55 

onie: · I . 611 4. 9 

Dry iron and siliceous ores-
Rang ----------- ---- }1914 7, 691 { 
Average-------------

Dry siliceous sulphide (rep-
resentative lots)-------- 1915 14,013 

Dry silic ous oxidized
Average ------------- }1915 Representative lot ___ _ 6, so{ 

•Wet. 

. 19- 1. 97 
. 846 
. 76 

1. 495 
. 66 
. 1 
. 96 
.9 
. 655 

1. 17 
2. 62 

1. 05 
1. 21 

. 35-11. 60 
2. 61 
.5 

1. 00 
. 90 
. 55 
. 70 
. 95 
. 65 
. 70 
. 60 

. 49 

. 90 

2. 0 0. 2 

-----i.-i-, __ :--~~- =========c=======l========= :===: 
Wo 2 -·••••• •••••••-- •••••-••• • •••••••• ••••• 
~- 4 ------- ------- - - ~ -- -- - --- - ------- - - -----

~: 5 '======= ========= === ====== ========= ===== 5. 9 ------ - --- - ----- 10 36 
----- - - -- ------- 5. 1 23 31. 6-----
--------- ------- 1. 0 21. 6 35. 7-----. 2 1 1. 3 1 _________ --------- --------- -----

2: ~ ====~== ========= ========= ========= ===== 
. 2-1. 8 ?-2. 35 

1. 0 . 9 
a.4 a 1,7 
2. 5 . 5 

1. 6 

1.2 
.6 

.9 

.6 

. 8-4. 8 --------- --------- - ----
2. -------- - --------- -----

--------- --------- --------- -- ------- -----
-------- --- ---- - ----- - -- - 57 19 -----1. 7 I 2. 15 ___________ ___________ ________ _ _ 

. 08-3. 00---- - -- 1. 9-6. 2 9. 5-25. 929. 9-38. 7---- -
1. 1 I o. 2 3. 5 16. 3 35. o ____ _ 

. 7 ----- - - 2. 2 9. 5 38. 7 -----

. 7 ---------------- 25.9 29.9-----

'. ! !:::: ::: :: ~~=~=:= :::: :~f:= ::: ==~~= ~ ::~=: 
. 6 ------------ ---- 27.9 32.3-----
. 4 ---------- ----- - ------------------ -----

3. 1 ------ - -------- - --------- --------- -----

: ~ ·-'~'-. = === === = r == ==== = ==== ===== = ==== 
. 4-2. 250-l. 3 1. -2. 5 112. 6-2 . 029. 9-37. 9-----

s: g 25:; --- -- ~ --~ - -----~~~- -----~~~~ =====· 
. 5 . 5 ----- ----1------------------ - ---
. 1 ---------------- -- ------------- --- ----
. 6 - ---- -- --------- ------ ~ -- --------- ----- . 
. 1 ----- ----- -- -- -- -- ---------- ----- - -- -- 
. 5 ------- --------- --------- --------- -----

.2 
b. 05 

. 0-1. 20 15, -69.. 614. 8-38. 4-----
. 2 -------- - --------- ---- - ---- ----
. 006 -- -- - -- - - - -- - - - - - - - -- - - -- - - - --- -

63. 1 18. 1 11. 7 
53. 21. 2 21. 7 
51. 4 23. 3 24. 4 
53. 2 21. 3 2il 7 
43. 0 25. 4 27. 7 
54. 4 19. 2 21. 6 
37. 8 28. 1 31. 1 

. 1 -----------------.----------------------
- - -- - - - -- -- - - -- - ---- - - - - - 68. 8 15. 2 9. 3 . 

• Recovered , 
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Contents of ores shipped/rom the Ga1·butt lode and So1~th Ibex stockwo1·k, 1018- 19£2- ontiuued 
-

Gold (ouncos 1 Silver (ouuccs Yeor Ore I Cloim ond closs or ore (tous) I per ton) per lou) 
ilica (per I Iron (per 1, ~~; cent) cent (IJer 

0001) 

Copper (per Lead {per Zinc (per 
ceut) cout) cent) 

--- -I 
J onie--Coniinued. 

Dry siliceous sulphide _- - -- 1916 2,390 0. 6 2 
Dry sulphide--------- --- - 1916 6, 399 . 705 
Dry siliceous oxidized - ---- 1916 2351 . 56 
Dry sulphide------- ----- - 1917 3, 44 24 
Dry siliceous sulphide _---- 191 1,3 7 1. 519 Do _______________ __ 191 22 1. 5 6 
Dry iron sulphide _____ ---- 191 149 . 6261 
D ry siliceous sulphide _---- 1919 735 . 32 

Dennis: 
49 2. 11 Dry sulphide _______ ------

Dry siliceou sulphide--- -- 54 19. 24 
Dry sulphide------------ - 51 4. 504 
Dry siliceous sulphide --- - - 206 2. 067 
Dry sulphide ------------ - 42 1. 221 

St. Paul: 
22 1. 205 ulphide __ __ _____________ 1917 

Dry sil iceous oxidized ______ 1917 140 1. 629 
Dry siliceous sulphide----- 1919 276 . 496 

MODOC VEIN 

The Modoc vein, worked through the Elk, Donovan, 
and Modoc shaft , lies in the nor theastern part of 
Breece Hill, east of th Ibex and northeast of the 
Garbutt (pl. 27). The country rocks north of the fault 
con ist of a thick capping of Gray porphyry underlain 
by Blue lim tone, Parting quartzite, and White lime
stone, which dip on the average 33° W. Tho rock 
outh of the fault consi t of another thick sheet of Gray 

porphyry within the Weber ( ~) formation. The vein 
strikes r. 72° E . and dips 73° E. 

The Elk shaft pa e thr ough 60 feet of glacial 
"wash" and 450 feet of Gray porphyry and continue 
for 150 feet in 11 Weber hale " and "Weber grit ." 
Levels have been run at depth~ of 400, 490, 550, and 
645 feet. The fu-st three levels extend to an ore shoot 
in the vein, between a footwall of Blue limestone and 
a hanging wall of the Weber (~) formation. The vein 
is 50 feet wide on the first level and 30 feet wide on 
the econd and third le els. It con i ts mainly of ex
tremely crushed 11 Weber grit ," " Weber hales," and 
Gray porphyry bounded by well-defined walls. On 
the first and second levels this material i replaced and 
cemented by silica into a solid rna of iliceous ore 
containing disseminated ceru ite in the oxidized zone 
and dis eminated sulphides below. It has been fol
lowed in the Elk mine for 350 feet along the strike. 
Any lime tone fragments in the vein have been com
pletely replaced. This ore hoot had a. veinlike form 
and terminated abruptly again t the wall of silicified 
limestone on the north and that of the Weber (~) for
mation and Gray porphyry on the south. It ha been 
followed for 200 feet down the dip but was evidently 
not productive above the Blue limestone. 

The ilicified Blue limestone or jasperoid in the foot
wall contains enough metal to justify exploration. 
Toward the Ibex No. 1 shaft a few small irregular 

0. 1 
3. 05 
. 67 

1. 47 
1. 76 
2. 36 
. 62 

1. 65 

3. 33 
7. 02 
4. 29 
4. 57 
2. 76 

7. 00 
7. 32 
7. 32 ========= ---:-~~ - ========= ~~~~~ ~-~ ~~ ~~~~~ ~~-~~~ =:::: 
depo it of oxidized lead-silver or have been found 
b twc n th Blue limestone and the overlying Gray 
porphyry, but hav not been profitably worked, as 
were the larger d po it close by the Ibex o. I and 
Little Jonny haft . 

The workings in the Ibex mine immediate!; west 
1 of the Modoc vein were not a c ibl , and th contin

uation of th v in and it r elation to the in of the 
main Ibex group could not be estnbli h d. 

FOREST QUEEN AND MINOR VEINS NEAR BY 

The Fore t Queen shaft, on tho cr t of the north· 
w terly slope of Breece Hill, wa sunk to a depth of 
627 feet, and a dr·ill hole continued to a total depth of 

' 1,353 feet. Throe level wcr run from th haft at 
depths of 400, 450, and 600 f t. ( ee fig. 100.) 

Tho country rock found in th mine i entirely por-
phyry, although the drill hole and th ak tunnel b 
low cut the lower members of the "transition hales" 
between the White lim tone ond the Lower quartz
ite. At 70 feet ea t of the haft, on the thil'd level, a 
drift cut the W ton fault, the fis ure of which has 
at thi point a width of 10 feet. Thi fault i also cut 

1 in the Yak tunn l about 150 feet farther w t and 
bows a irnilar width (pl. 15, Yak s ction). 

A vein that trikes N. 6° E. and dip 73° W. wa 
found on the fu t and econd levels just west of the 
shaft. It wa about 6 feet wide. In the two upper 
level it consisted for the roo t part of a yellow clayey 
oxidized material which contained from 3 to 5 ounces 
of silver and from half an ounce to 1 ~ ounces of gold 
to the ton, showing here and there remnants of tho 
original sulphides, mainly pyrite. One wall wa rather 
ill defined, but the other wa sharp. . 

On the 600-foot (third) level the ore contamed 11 

large mass of enriched sulphide ore, caiTying as rnuch 
as 5 per cent of copper. Its gold and ilver content 
are not known. 
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The vein here is exactly parallel to the Weston 

11
uJt, both in strike and dip, but it pinches out above 
~e level of th~ Ya~ tu~el. The parall li m of 
~ke nod dip m th1 vem rongly sugg t that 

- · fiJls a ro..inor fi ur of the W eston faul t zone 
~~ no mineralizati~n within the main faul t zone ha 
l1eD reported. Th1 pa.r t of th We ton fau lt ( ee 

1) rnay have b een formed s ub quent to ore dep
ition. The Ella Bell er and lear Grit vein , in 

iowa Gulch, occu py minor fi ure form ed at the arne 
;roeRS the We. ton fau lt 

ereral minor veins have b een cut in the Agwalt, 
lribune, and Yak t unnel , in the western par t of 

~m 100.-Pl n or workings or For t Queen shalt, showing W ·ton Inuit and 
fu ur&\'cln 

Breeca Hill . Thr ughou th - w rlting th porph, rry 
ron tai lura qua.n iti of pyri and th joint 
,!an in the r ck arc charact ri ti allv lin d with 
. lnllinc p Tit , whi h in m place n~akc out into 

b~~n followed along the strike at the time of Irving's 
VJ It,. but the larae quantity of water that entered the 
workings when they were cut em to indicate that 
they were extensive. The material contained in them 
all a ·ayed more than 1 ounce in aold to the ton and 
orne assays ran a high a 2Yz ounc One vein 

carrying orne gal na a ayed a high a p er cen t of 
lead and 36 ounces of il ver to th ton. The galena 
enveloped pyrite 1~r ta.l . Th porphyr y throughout 
the Agwalt tunnel i heavi ly impregnated wi th pyrite 
and a ays from 0.04 to 0.05 ounce of gold to the ton. 

What i believed to be the We ton fault wa cu t in 
the nor thwc t rn end of th Aawalt tunnel and con-
i ted of a broken zone about 2 feet wid , fill ed with 

clay lvaae in which ' eTe included layeTs of fine cry::;
tal1ine auriferous pyrite. nother strong fissure, 
which i believed by orne to be the W ton fault, i 
cu by the Agwalt tunnel 2 0 feet outhwe t of its 
junction with the Tribune tunnel. 

ANTIOCH STOCKWORK 

The An tioch min (fig. 101 ) i on the we t brow of 
Breec Hill 2 300 feet . 1 ° W. from th Ibex o. 4 
s ~ulf . ·The bedrock urface , which nearly bare, 
slope westw.ud at an angl 
of about 10° but teepcn 
rapi !ly toward the west. 

ThP workings of th mine 
are hown in Figure 101. 
The main urfa cc working 
con i t of a hu·gc open qunrry 
of roughly ellip tical form 
with it longer axi trending 

. 1~ 0 E. Th longer cliam
c.t r m a ur 215 feet, and 
th "horter 150 f ct. The 
wall ' are precipi tou but 

50 0 SO fEEl 
._,_~_._....._ _ __, 

n verge dowm·ard and at 
th d epe t point the open 
uti approximatcly200f et 

cl erp. The alt itud of th FIGURE 101.-Plan or Antioch 
mine, looking down into the quar· 

north rim of the quarry ry !rom the surface, showing the 

f 
~ 9 6 O north-somh fracture system inter· 

rang r 0n1 11 ,o - 0 11 , 3 ecting tho northenst system and 
f et. Th min wa worked a mass or brecciated porphyry be· 

nt fi r t by implc quarry tweenthetwosystems 

method , but the p n cut oon became too deep, and 
an adi t 200 J' et long wa driven from a point 60 feet 
v rti all) bel w the quarry rim. A econd adit 600 
feel lon<Y \\"it later dri,· en fr m a point 160 feet below 
the q unrry rim. From the nd of thi a.di t an incline 
lead downward to a tope ft. or 30 feet below the econd 
tunncll vel. A th ird tunnel the \gwalt tunnel, only 
a portion. f which i hown in Figure 101 , wa then 
dri,en from Whi t Gul hand a drift run from it to the 

~e body of ~h porph_ r. in iJT gular replacem nt 
lunchc. In additi n to th j in plan s definit 
rein hav al o be n found a indi ated on Plat 56. 
Four uoh minor v in w r found in the Tribun 
iunnd nt di ta.n ; 400, 900, 1 000, and 1,025 feet 
lrom i ~ juncti n wi th Lh Agwnlt unncl. Th y had 
1 north-north a t trik and n northw st dip and 
~ n cdfrom 1 Yz t 6 in h in thickn The :r w re 
lllcd with r )T tallinc pyri t and howed her and 
~ero mall quantiti f gal na. on of th m had I 

r body. 559 feet b low th quarry rim. Practically 

99271- 27t--21 
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n m1mna ' 11 d nc from thi unnel b cau e th pr -
encc of la in th or peeveoted profitable op rati o. 

Th Antioch mine wa one of the arli t important 
gall-producing propcrti , a ide from pla el", to b e 
worked in th eli trict. It ' 11 :fh t worked by 'Frank 
Brook , apparen ly in 1 5 and appcur Jrom . uch 
record a could be pr cured, o ha c be n on tinuou ly 
produ t ive in 1 5 and 1 6. From that time until 
1 9 it wa worked in crmittentl ' . . During the first 
two or thr y ar i t produced from 15 to 100 Lon daily. 
The ore i reported to hav a sn,yed 10 in gold to th e 
ton and to ha e ieldccl 7 to th ton on th plat in 
the tamp mill. It was hauled o a mall mill in 
White Gulch but during a piu·t of the time was handled 
in th Oro mill. Th working Wll profi. tabl a I ng 
as mining co t wer e low. ccorcling to Emmons, tho 
open ut li about 140 feet w t of th W e ton fault, 
the exn,ct po ition of which north of the Garibaldi tun
nel wa known o him. Irvina r egarded th e fi ure 
in th e Tribune tunnel a part of the W cs on fau lt zone. 
According to a map of th g" alt tunnel furni h eel by 
John Harvey, of L eadville, a trong h e r zon e in Gray 
porphyr w ut 250 fe t w t of the Tribune tunnel 
and i b elieved by him and other to be th e We ton 
fault. If ·o it reach the bedro k urfa e clos to the 
w t edge of the ntio ·h open cut. The following 
de cription is ba eel on Emmons' note . 

The country ro k of the · ntioch ore body i in tru ivo 
porphyry, the greater part of which i Gray porphyry; 
but at many point in the mine the fine-grained to 
aphanitic White porphyry is found. Th two porphy
rie appear in p.laC'c to be m er ely textural varia ion 
of the arne ma . Abrupt changes from on porphyry 
to the other areal o frequent, but th e appear to be 
there ult of faulting rather than the intru ion of one 
rock into the other. orne evidenc exi t of. a Gray 
porphyry inclo ina angular fragment of an earlier 
fin e-grained ro k , but thi intru ion appears to b e of 
mall ize an l may not r epre en t tho main ma. . of Gray 

porphyry in the vicinity. 
The ore body in the Antioch con i ted of a ma of 

broken or brecciated porphyry cemented by a fine
grained r eddish iron oxide, which filled fracture and 
in tor tice between fragments of porphyr y and tained 
the fragment them elv . This iron oxide was evi
d ntly derived from pyrite, but oxidation wa com
plete from the uTfa e to and below the lowest work
ing . Emmons tate that the gold content varied in 
direct proportion to the amount of this matrix of iron 
oxide. I n orne places the iron oxide wa free from 
bould r of porphyry for considerable distances. The 
be tore wa n ar the surface and continued to a depth 
of about 90 feet . Below that depth there appears to 
hav b en les limonitic matter and a greater volume 
of porphyry fragmen . 

Th drift from th awal t tunnel founJ tl1o 
ore 

w 11 defin cl b t ween th amo wall. a. in h up 1 
ki l h . 1 ' 1 per , or ngs t lOttO' 1 · t 11c m e s wa m what 1 

Th fragm nts of p rphyry w ro in mu h larger pr · 1 
porti n and Lhe r ed matrix mu h I ; but the matr~ 
was en richer than that abov and n Lained a much 
a 3 or 4 ounce of aold to th ton wh n separate! 1 

a ayed. It d id n ot amalgamnt , h owev r, and co: 
tained Lo much clay to be conomi nlly oparnted 
b wa hing. 

The rc body appear to h av be 11 an inegulnr 
chimney- hap I m a , wid r at th op and with np
J roximat ly the ro. c ·tion incli atcd by th' pro ent 
rim of the qunny but nat"rowin cr downw 11rd . uc. 
co i v h rizontil.l ' ctions of th or b ody, a indicated 
by th t pe anJ working arc in gul ar and do not 
li 'V erticall y one ben ath another. Thu t.he ore 
cxtc nd ccl farth r outh on th upp r t unn •lleYol than 
at the mfa ·e and fm·thcr a t in th low r workin , 
from th e concl tunnel J 1. 

Th or e body occur ttt th int r ' ecLion of two 
ystem of fra tuTe ca h with parall I heeling 

(fw. 1 01) . On of the e, nppar n t ly thai which i 
dominn.n t, t r nd about r. 15° E. but b nd toward 
the outhea t at th s u th end of th quarry. The 
other tr nd about . 60° E. Little an be I arncd 
ab out th e phy ical f aturc of the ore body preY iou ly 
x ploit cl , bu t a portion f Lh br ia ffi<l rcmai1 

unmin d in th nor thca t anal bet \\·c n the two 
frt~cture ) tem . 

In the working floor 190 f co below the quarry rim 
i a harply d fined northerl. ' wal I ' hi h hn been fol· 
low d from h northw t corn r of th top for !2j 

fe t ca t ward to a point Pa of the urfa rim (fig. 
101 ). A barren ma. of brec ia 2 to 3 fe t wide ex· 
t nels into the en t wall here. Th west \\'all i fairly 
n'aul11r, but th a \va ll is jagged and irregular. 

Although th p rm abl or e body i oxidized down 
to the lowe t level , the adjac nt p orphyry, even in 
the upper tunn el (60 feet b elow th quarry rim), con· 
tains unalter ed pyrite 11s eli cminatcd a rains and 
veinl ct . 

BI G FO R GRO P 

LO CATION AND GENERAL FEATURES 

The Big Four group of veins li b neath the hil!· 
side a hort eli tance north of th Ibex mine. ImroedJ· 
ately north of the lbex group the hill i tccp and pre
cipitous, but the lope become nearly horizontal bef?re 
reaching the bed of the gu lch. On th steep bills1de 
the Blue limes tone and lower strata, cut by porphyry 
sills, nre s t eeply upturn ed again t the rather ill defined 
Colorado Prince fault, but the angle of dip decrens " 
south we tward toward the Ibex worlcing . orthen t 
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of the fault the onlv formation present are ambri!tn 
quar tz ite and pre- ambrian granit eparated by a sill 
of White porphyry, and th large pipes of rhyolitic 
auulomerat shown in Plate 27 . The cl vclop cl' in 
in ~hi ()'roup are th Big Four Big Four East Gold 
Bn io , Loui o, o. 20-b Ibex,. outh Winni , t. Loui , 
and Colorado Prin o . 1 ancl 2. Tho first five of 
those and tho t. Loui belong to the north-northea 1; 
y t.em, tho outh Wioni to the north-northwe t. ys

tem, and tho Colomdo Prin c Nos. 1 n,ncl 2 to a we 1-

northw ·t y ·t m. 
The paces of ground which in tencne bctwe n the e 

vein and in which vein. have not. o far been opened 
up arc rar ly l than 400 feet , bcin()' thu much wider 
than tho c in the Ibex ()'r oup. Many cxtr moly mn ll 
roinernl-bcaring vein:.:, however, which ho.vc not been 
mapped , lie betw en th major vein . orne vein of 
tho north-northea t rtcm dip ca. twflrd and ome 
we twarcl and they thu appear more ncnrly like a 
normal onj ugatc ' tom than tho ·c of the Ibex group . 

The two mall w t-northw ~ t vein. of th olorado 
Prin e occup what al' believed to be parall l lip 
of the Colon'Ld Prine fault , bu the mineralization 
extend. alon()' the strik for comparati,cly hort eli
lance . Th r \TOr e charact r of the Colorado Prince 
fault and i interpretation a th r ult of hearing in 
the limb of an anticl ine imply that hi. fault, like the 
Tuc."on fault, in Tron Hill, i forth mo t part too tight 
to permit irculation of r -forming olution . 

Tho oa twar l and northward xten ion of tho veins 
of tho Big Four group is limited by the large 
neck 0f rhyoliti agglomerat , which cuts _orne 
vein abrup ly and either enter beb,·oen the wall of 
others, breakin()' up the contained ore, or ut am·o_s 
th m a · dike. . In a direction a little we t of north 
lie tt comparatively lar()'e fir a of pre-Cambrian gran
it in which littl C':x! n. i,~ C' exploration h bC'cn 
carri d on. Thi ' O"roup of v in rna: hC' eventually 
found l ontinue in thnt dirocti n. 

With the exc ption f th Big Four Yein, tho 
of thi roup nr hort J\110 narrow and nrc n t . 
kno wn to ext nd upward to lh brdr .k urfa C'. Th 
t. Loui v in i kn wn t te rminate' upward b foro 

rcachin()' thi , urfac but th xact nnturC' of it on
ncction with Lh blanket ore. of th tliner Boy and 
K ntucky mine i n t known. 

'lh Big Four min i · open d by n. h11ft who coll ar 
ha an alti ud of 11 34 f t (old datum). Th hnft 
ha be n unk Lo a drpth of 600 feet and from thi 
poin t a drill hoi wa put down for n.n additional 600 
feet. Th r cord ' of he hnft are un at i fa tory, a no 
clear eli t in t ion ha b en drawn b tween th 'trnn-
ition shale ben ath tho Whi e limes ton · and the 

nU"iou porphyrie whichhav boenintrudedin o them. 
Th o-coloD'i section mu t ther efore be inferr ed largely 

b 0 . 

from the information gai n d from th urroundmg 
workin O" . Tho workino- of the Big Four mine hav 
not a any tim e b en ace ible to the ' riteL and th 
ac ompanying de crip ti n i ther for . compiled from 
tho statem nt furni h d b r th management . 

The coll ar of the haft i. 20 f t outh of the out-
rop of the olo rado Prin fault. Th fault her dip 

nor hward at an anO"lc of 51°. The geologic tructur 
i · hown by c tion B- B' Plat 2 . On the outh 
id e of the olora lo Prin e fault th upp r portion of 

the haft i in he V\hitc lime tone or th underlying 
"tran ition hale ' "·hich ar turned upward at a t ep 
anO']e again t th Colorado Prince fault. It i proba
ble that the rock cut in tho u pp r fh ~t 320 fe t of th 
haft belong mainly in tho " ra.n ' i t ion hal ' beneath 

tho Whi to lim tone al th LJO'h they ar r ecord d b 
the company a porph:rry. Tile. o h al hase be n 
fr 1u ently mi taken for porphyr. r. The working of 
the third level of th Ibex mine which hav e been -v i~ited, 

extend northward to the workings of the BiD' Four 
mine and clca.r ly indicate h dimcntar nature of 
th geologic formation ut in tho upper le el of th i 
mine. The record of roc!- ut by the drill hole belov 
th shaft i al o open t.o qu tion . Th mal rial up
po eel by the compn.ny to be tho lower he t of Whi t 
porphyry and the quartzite ben ath it may pro\ to 
be granite, and if o th ~ u c sion conform to that 
on the south ide of the Rawlino- faul . 

The country ro k north of th fault ar not cut in 
any of the working of th mine, all of whi h li within 
h up turn cl stratn. on the footwall id of th.C' fault. 

The Rawlinb fault ro ' the shaft at ad p th of 190 
feet. 'l'h dip ·lip along thi fault ha not b en detC'r
mined in the Bi()' Four min but i abo ut 175 fe in 
lh Fanni R awling mine ( e t ion - A', pl. 2 ) . Thi 
fault me t tho olorado Prince fault at the bedrock 
. urfa immcdintelr w ' t of the Big Fom haft. 

T11 " ·orkinO' of th Bi D' Four are hown in Fi()'ure 
102 and also on Plate 27. Lc>cl were run ea tward 
and we tward from the Big Four haft at depth of 
1 0 246, 306, 3 5, 455, 524 and 599 f ct. 

BIG FOUR VEIN 

Two eins wer found in he Bio- Four mine. Th 
comparatively mall and unproductive ' Ea ' t _vein" 
wn cut on the s concl len~l 300 feet ca t of the haft 
and followed for 150 f ct. I t wa al o worked on the 
fourth level for more than 300 fe t. I t general trend, 

hown by th e working~ , i . 25° E. and it aY r-
age dip 27° E . The ' all ro ck of thi vein ar c excl u
inly Lo wer quartzite and "'ni tc porphyry. 
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The econd or main vein of the Big Four mine 
reaches the bedro k urface under 60 feet of glacial 
" wa h," clo e by the haft (fig. 102). It ha been 
followed downward from the bedrock urfuce for 670 
feet and ha been work d on ix lev l . The a> erage 
strike of the v in i . 26° E. , but, a ho\-.;·n on Plate 
56, it has a number of marked though gradual urv . 
Thi main vein ex end from tho. outh rn boundtlri of 
the Big Four prop rty , wher it i wide t, to the point 
where it i ut off by the body of aaO'lomora e thnt lie 
between the Gold Ba in and Big Four haft . It i 
al o interrup ted by three dik of aaglomerate whi h 
are evident ly branch of the main pip . The vein in 
the upper levels from the bedrock urface !own a 

z ._ ________________ _ 

The thickne vein rang generally from 
few inch to 6 or 7 f ot and in n place attains 1 ~ 
feet. The vein i wid and produ tivo in the upp 
portion and wid t at tho outh boundttt·y of L~: 
pr pert . I aradua.ll narro,:s to the north and 
downward. t the 1xth 1 v l1t b om practically 
barr n. 

Betwe n the ' ond and third lev l Lh voin . plit 
into overal portion whi h were worke l sepan~tely. 
The , however pin h down war L xcept one, whi ·h 
continue a a ·inalo v in on th fourth fifth and 
ixth le l . vcntl hors ~ of anmite o ur b tween 

th of tho vein ' on th ocond and fottrth 

:.' · .. 
~ ., . 

IOO'---'-...L...L--'----'o'------l.loo ____ __._ ____ -JJ00'-------1.----~soo FEn 

FIG URE 102.- Map or workings or Big Four, Fannie Rawling)', and Oo!J Basin mino.• . ra , Rh yoli tic agglomerate; pw, Wh ite porphyry; £ q, Cambrian quartzite 

far a the third le el ( 250 feet ) i pra tically vertical. 
From th third l vel downward it graclually a umes 
-a westwi\rd dip of about T 0

. On the trike th vein 
:ha been explored for a distance of 700 feet. At th · 
:south end it continu in undimini hed trength but 
pru e into the property of the Ib x o., by which it 
:had not been work d up to the tim e of Irving' visit. 

Th wall ro k of the v in include in d cending 
rord r the "tran. ition shales" beneath the White lim -
· ton , the underlying part of the Lower quartzite, 
:and a great thickn . of intru iv White porphyry. 
'The vein, o far as workecl cuts the "tran ition 
hale " only in the upper level in the so uthern por-

tion of the mine, uthwe t of the Colorado Prince 
faul t . 

Th ore bodie consi t of a mixture of ulphid or 
oxide and cru hcd and brok n rock. The oro at 
orne place occupie he whole width of the fis ure, 

at other~ only a part of i t. 
In everal plac . th r e i reported to have 

branched ut along certain bed in tho . dimentnry 
roc · , but the e hran he wer ubordinate in tenor 
and quantity to the main vein. The oriainal ore con-
i ted chiefly of pyrito with omo cha lcopyrite and a 

little bl nde, and galena. Abo,-e the third and four th 
level the ore wa , oxidized . From th lower limit or 
oxidation down a far a. the vein had been xplored 
the ore was irregularly nriched. 

The range in content of the ore ba ed on meltcr 
returns for different y ar i shown on pag 309. 
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Range in contents of ores from Big Fo1~r mine 

[Zinc not determined ] 

Class or ores Gold (ounces per i1 ,·cr (ounces 
ton) per ton) opper (per cen t) Lead (per cent) Sili ca (per cent) Iron (per cent) 

(?) --- --- - - - - - - - - - - - - - - - - - - - - - - - - 0. 59- . 5 4. 4-130 1. 0- 13. 9 •t003 (b) (b) ( b) { ulphide -__ ---------- ------ ____ __ . 1- 10. 945 23. 20- 79. 45 3. 50- . 00 c 1. 15- 4. 3 (h) (b) 
tOOS Ox1dc ---- ----- ----- ----- ---- ---- . 105- 1. 972 1. 35- 1 . 50 (b) cl 0. 5 - 1. 2 I 

t009 {b~id~= = = = = === = = = === = = = = = = = = = ==== = 
. 120- 1. 950 . 95- 79. 75 (?)-9. 00 (?)-3. 75 I (b) (b) 

1[914 
. 090- 2. 430 5- 10. 00 (?)- . 75 (b) 34. - 92. 0. 5- 26. 5 

Copper ------ -------- ---------- -- . 410 23. 5 3. 35 (b) 76. 6 2. 2 
!915 Oxid ---- -- -- -- ----------- --- ---- . 090- 2. 115 3- 3. 35 (b) (b ) 9. 3- 92. 4 2. 9- 3. 9 

•Does not include one lot or less th nn hnlf n ton wbich conta ined 20 .956 ounces or gold and 68.0 ounces or silver to tb e ton nnd 6.9 per cent of copper. 
Hlot determmed. 
<Wet. 
lOry. 
<Contains less than 6 per cent or sulphur. 

According to the e figure the vein origina!Jy con
~i ncd oro of two cl es-the pyrite-chalcopyrite ore 

111d the highly iliceous ore. The richer or were 
~ned in 1909 and a rli er y ar . In 190 th ulphide 

was much more nriched than the oxidized ore. 
!he record do not show from what parts of the vein 
me ores were mined. Mo t of the ores were pre
:Jmably iliceou . The content of the ore hipped 
~ 1914 do not ugge t enrichment unl to a minor 
~lent in gold. Th ore with high iron conten t must 
~ve'been much oxidized, wherea. that with minimum 
n content and the one lot of copper ore may have 
n roo tly unoxidized though cla ed commercially 

·oxide ore. The roo t iliceous ore hipped in 1914 
md 1915 evidently con i ted of quartz with 6 to per 
.rot of pyrite, per hap partly oxidiz d, and their aold 
raricd independently of the other metal . 

tudy of individual hipments of or repr ented 
the above table how th g neral independence of 

rold, although ertain of th ri her orcs ugg t a 
;dationbetweengoldand opper. Th av raaecontent 
i ill'er, pecially in oxidized or , varie roughly with 
:!Btof g ld , but indi,idual : hipmen both of oxidized 
md ulphid or(' ho\ no u h relntion . hipm nt 
~ 1903 how d a cl thouah n ons ant. relation 
tll'e n ih· and copper, whi h ugg t the pr -

'!lcc of ilv r-bearing etrah drit r the pr cipitation 
l. ilv r b r halco it . 
According to information ohtnin d by In·ina, the 

1rera11c gros vnlue of th r in 19 9 and earli r 
year' wa · . 4 5 a t nand the s.weraae n t alu 3 n ton . 

GOLD BASIN VEIN 

Tho old Basin . haft, or o. it is om timr.' kno\\ n 
~c Lower Bia Four i · on the . outh ide of outh 
Eran Gul h about 600 feet nort.h-northea t of the 
~~ Four haft. It ha.· b en sunk o n depth f 310 
:eet, pa. ing through about 25 f et of ' wo h ," 200 
leet of ambrian quartzite and 5 f et of Whit por
'hyry. Two l 1 have be('n dri n from the haft, 

one at 240 feet and the other at 310 feet below the 
collar (pl. 27) . 

A small vein was found in the White porphyry w t 
of the haft. On the lower level it crossed the drift 
14 feet west of the haft and on the upper level 50 
feet we t of the haft, which giv a dip of approxi
mntely 53° E. It has b en followed northward on 
the lower level and both northward and outhward 
on the upper level and ha been explor d for a total 
length of 350 feet. It ha not been followed upward 
into the quartzite. The White porphyry along the 
vein i usually very dense and hard and not appreci
ably altered except in the immediate vicinity of the 
vem. 

The vein occupi a heeted zone which in the 
upper level has a maximum width of 3 feet. Thi 
zone contain mall trina r of pyrite and chalcopy
rite which have become completely oxidized in por
tion of the upper l vel. At the lower level the vein 
con i t of a few mall ringm . ranging from half an 

in width, and it width a a whole ha 
d crea eel. om of th ulphide tri~wers \vere very 
ri h. ontainina a hiah a 27 ounces in gold to the 
ton , and in pla e oo y chal ocite brought the tenor 
in copper up to 7 per cent ; but the mall ize and 
irregularity of the vein have prevented any exten ive 
and profitable operation . 

SOUTH WINNIE VEIN 

The outh Winni e haft i on tho ou h Jope of 
uth Evan Gulch 170 fe t north-northea t of the 

Miner Boy tunn el. The haft i . unk for a depth of 
307 fee in White porphyry lose to the outheru 
marain of n, la.rac body of ago-lomcrate, which i cut 
b •he hnJt 2 fee t from the b ttom. The contact 
bet we n th agglomernte nnd White porphyry i nenrly 
verti cal but incline liahtly toward the south. Its 
g ncrnl trend near the 'haft i ea t , but a hort·dis
tan e w st of the ·haft it curve northward. 
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Two drif ha>e be n run at a lepth of 202 :fe t , 
one eastward and ono southeast\ ard from the haft. 
(See fig . 103.) The outhcast drift branche 160 :fe t 
from the haft. The north a tern bran h cuts a v in 
17 feet eru t of tho haft. This vein ha an average 
trik of N. 26° W. At the level where it wa fu t 

found it wa includ db tween wall of Whit e porphyry 
and extended for a di tance of 150 feet from it nar
row outhern extremity to the agglomerate body 
where it wa abruptly cut off. 

\.. dike of agglomerate extend southward from the 
main mass along the ea t wall of the ore body fl.nd 
di connected dikclike ma cs of agglomernte are abo 
found along the we tern wall . The o a pophTe 
from the agglom rate do not extend to th narrow 
outhern extremity of the or body. The upper par 

of the ore body is reported to li between wall of 

FIGURE 103.- Plao or South Winnie mine, showing abrupt termination or ore at 
contact with agglomerate. Figure3 show alti tude or driFts above sea le\'el 

lime tone, pre umably a ma. s inclo eel in the White 
porphyry; bu t a the geologic map (pl. 27) how 
Cambrian quartzite to be the bedrock urface above t.he 
ore body, the presence of the lime tone i not readily 
explained. It i po iblc that a ca ing of rna sive car
bonate ha been mistaken for lime tone. 

In form the ore body i a len - haped rna which 
i wiles on the 202-foot level (fig. 103), where i t has 
a maximum width of 22 fee . Followed upward in a 
rai it was found to narrow to 6 feet, and a winze 
sunk on it for 50 feet prov d that it narrows downward 
al o. Toward the outh it pinche to a very narrow 
streak. 

Tho ore in the upper portion of the ore body con
si ted of a mixture of mangane. e and iron oxide , lead 
carbonate, and a con iderable amount of zinc carbon
ate or ili ate. Throughout this oxidized material 
were cattere<l r e idual fragment of pyTite, galena, 
and phalerite. In the lo' er and wider portions of 
the ore body the ore wa chiefly ulphide. The riche t 
portion of it lay alon()' the western or footwall side, 
a.ncl a few a ay of the ore from this portion , howed 

a much as 40 oun . in gold to the ton. ' tr ak of 
gal na along the footwall cut th main body of the 
ore and, wh n ' pa.ra.t ··d from the r ·t of th ore by 
sorting, carried 5 ounce of gold fl.nd 60 ounc of 
ilv r to the ton. 

The center of the oro hody con::;i ted of low-grade 
p rit . Th ri h ·t portion of the or body lay im
mediate!} ad ja ent to the agglomerate ma . , pr urn
ably becau e at this poin t the loo oly compacted na
ture of the agglomerate had pcrmitt d the maximum 
amount of cmichmcnt. 

ST. LOUIS (COLORADO PRINCE) VEIN 

- The t. Louis or Colorado Prine m in ha b en idle 
mo t of the time inc th early da.} f the Lendville 
di trict but \\' il b eing worked by I sc in 1924 . It 
i on the south ido of outh Evan Gulch one-fifth 

. of a milo northw t of th Big Four min . The mine 
i opened by the t . Louis tunnel, who portal is 60 
feet above th bottom of th gul h, ju t below the 
very tecp carpm ent of Cambrian quartziLe. The 
tunnel extend . 9° W. for 500 f ct, h11. a light1y 
more w torly tr ncl for 200 feet, and finally continues 

. 17° W. f r 460 feet . 
The ro k cut in thi min arc ho' n on ection 

J- J' , Plate 16. Th tunnel fi1 t pas e through the 
White porphyry, whi h li betw en the Lower quart:?r 
ite and the granite the ontact dippin()' outhward at 
lo \ angle. It then penetrate th ov rlying ambrian 
quartzite and the " Lran ition hal "at i top. At400 
feet from the portal the Colorado Prince fault , contain
ing 2 f et of br ccia. and dipping north, i expo ed. 

Thirty feet . outh of thi fault i a mall parallel 
fi sure that al o how viden es of faulting. Both the 
Colorado Prince fault and the mall parallel fi nre 
contain ore and have been plotted on Plat 56 as veins. 
About 100 feet h eyon l th e olorado Prin fnul i a 
e ond fault with a imilar dip and trike. The rocks 

bet,vecn these two faul have a mu h teeper outh
ward clip than those to the north. Beyond the more 
outherly fault the tunnel i entirely in sedimentary 

ro k . These form a local anticl ine who e crest i" 
about 50 feet south of the outh rn fault and whose 
axi i nearly parallel to the trike of the fault. The 
tunnel, after pas ing through the crest of the anticline 
in White lime tone, enter the Parting quartzite and 
Blue lim estone. 

The t. Louis vein wa cut 175 feet from the portal 
of the tunnel in the White porphyry. Where found 
it trend nearly north, almo t at riD'ht angle to tho 
trike of the faulted and fold d sedimentary rocks nn.d 

the.ir included porphyry sheet . Beyond this point It 
turns a little we twarcl and wa followed in the driving 
of the tunnel. It dip i vertical, and its width i from 
3 to 6 inche . It passes · without interruption from 
White porphyry into Cambrian quartzit , through t.bo 
Colorado Prince fau lt and through the mall parallel 
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rein to the outh . It finally enter~ th 
·hales, ' where it b ~on:o lo t. . . 

The pn) treak w1thm th vem 1 from 2 to 3 inch 
tlickandisu uallybounded bya zoneofbrokenquartz
it ~ and porphyry whic~ lie_s b_etween it and the adja
cnt olid rock. I 1 1gnificant that where the 
~ein cuts the Colorado Prin e fault no di placement 
·. observable, although the fi ure containing the vein 
~·n evidently form ed later than the Colorado Prince 
l!ult. The ore hoot in thi fault and i ts mailer 
parallel fault are here called the Colorado Prince J o. 
1 and o. 2 veins. They ar branche of the St. 
Louis vein aQ.d xtond for 20 feet along tho trike on 
each id e of it. Far h er from the main vein the two 
r8ults arc barren. 
u the point wher e th vein en ter ::; th " tran ition 

;hal " a winze wa sunk for 15 fo t , and the v in was 
lound to continu o thi far down wi thout interrup tion. 
It wa reported by Emmons 21 that Lhi v in widen to 
~0 feet in the "tran ition hal " at the top of the 
Cambrian quartzite bu t that part of th mine wa 
not ncces ible during th e r e urv ey. 

The ore from the t. Loui vein consisted of broken 
materia] , mostly oxidized. The vein had no v ry di -
tinct wal l . B elow the drift, wher it join d a eros 
rein, it contained a olid filling of chalcopyrite with a 
corr ponding high con t n t of copp r accompanied by 
2 or 3 ounc of gold to the ton. The chi f metal of 
raluc in the vein a a whole was gold, some of the ore 
yield ing a mu h as 100 ounces of gold· and 190 ounc 
of ilver to the ton. A li ttle lead w al o present. 

At th junctions with the two cro vein the ore in 
the main vein was ri h r than elsewher e. Thi differ
ence may have l)een lue to enrichment by watei 
"·ho e downward circulation wa concentrated along 
th e junctions. Blanket depo it of oxidiz d lead
ilrer ore have b en found at the contact of Blue lim -

Prine 
Prine , in r B , and Blil. k Prin e rnine . 

' JNNI E-L EMA GROUP 

WINNIE-LUEMA VEIN 

GE ' ER L FE T RE 

, mo t thor-

11 Op. cit., pp. 501-505. 

which cut it off on the outh into the outhcrn part 
of Pr pect Mountain, wh r e it appear to die out in 
a number of diverging fi ur . The upper pa1-t of th 
vein abo~ e it productive part , i probably cut off by 
the Jo ie pipe of agglomerate ncar the ilv r poon 
haf t . The vein wa fh ~ t tlev loped in i t outh rn 

part, through the Winnie haft, and later and more 
extensivel in i ts northern part, throuo-h the Lu rna 
( alley) haf t and ilver poon tunnel. It middle 
part has also been somewhat develop d , bu t no data on 
thi part of the vein have b en obtain d. 

The vein occupies a heeted fault zone, from which 
mineralized branch faul t , some of which are conn ct d 
with blanket r eplacement depo it in lime ton exte nd 
in an ea t-northeast direction, a d crib d on pag 1 
and h own in Plates 27 and 69 and Fio-ur 104-107. 
Owing to lack of xploration on the we t i l of th 
vein, it i not known wh th r imilar bran h fault are 
present there al o, but the change in alti udo of for
mation boundarie in the Luema and ilver poon 
Q'round uggo t their presence, a hown in Figure 107. 
1inor veins ea t of the main vein have be n work d 

clo e by the Luema and il ver poon haft . 
Th main v in trike due north in the Winnie 

ground bu t its northern part urve gr adua1ly we t
ward, and it north end trik . 25° W. The undu
lations alono- its cour:se are inconspicuo u . Th dip i 
ver tical in it southern par t, n.nd the deviations from 
ver t ical toea t and ' est in tho Luema and ih- r poon 
workings (figs. 104, 105 ) are very l io-ht. 

The accompanying figur together wi th Plate 27 , 
how that all the rock form ations of the di trict are 

found at one place or another along the wall of th 
vein. The " W eber gri ," how vor , ar pre ent only 
where the north rnmo t par i opened by th ilver 

poon tunnel. 
The trata throughout the length of th vein d ip 

from 15° t 40°, a\crao-ing about 25°, norLh to north
ea t. The dip i north in the ilver poon bu t north
n rth a t to northea t cl ewhere. The to per clip 
along the ,- in, esp cially on th ea t ide, are due to 
drag. 

White porphyry form a ill b tween ambrian 
quartzit and underlying granit in the ou th rn part 
(pl. 14, actions B-B' and C- C' ), and another at the 
top of the Blue lime ton in th northern part. Two 
mall ill ar pre ent wi thin the Cambrian quartzite 

and White lime ton in the Lu rna mine. 
Jar ill of Gray porphyry lies b tween the ambrian 
quartzit and White limestone in the outh rn part. 
\. dike of porphyry, highly altered. impregnated with 

pyri o, and cu t by tri ngm of ore, ha b en r eported 
to li in the main fault zon and to constitute the 
v in in the Winnie ground , and altered porphyry ha 
al o b en r eported in h e vein in the Luema ground; 
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but except for the sills hown in Figure 104 no por
phyry wa found in the Luema. In its tead there 
wa a larg amount of white ericite and claylike 
material filled with fine grain of quartzite, which 
r embled d compo ed porphyry containing quartz 
ph nocryst but wa in reality a gouge derived largely 
from granite quartzite," tran ition hal ," and lime
stone. Very little lime tone unr placed by ore 
remained, how·ev r. lo e examination may prove 
that th reported porphyry in the Winnie groun I i 
gouge al o. If it i in r eality a porphyry, it i exc p
tional and mu t be yo unger than both Whit and Gray 

LUE:MA S HAFT 
ELCV. 11,053' 

side, appar ntly having b en dmg d upward in the 
fl\ult movement. 

The main vein i i tself licrhtly off et by a la ter 
fault expo ed 1,100 fe t north f the Winnie haft t 
the xtr me northern limit of the I v land workiu; 
Thi fault i vertical and ha. a Lrend of . 60° E. It · 
northern wt\ll ha. b en off et 12 f t ea. twarc[ and 
perhap 200 feet dowm arcl , but la k f explorat.ion 
lea th amount of movem nt in doubt. 

Th vein ranges from 4 to 40 f t in thickn and 
consi ts of the goug material , re embling decompo ed 
porphyry ris cro ed b mall vein and bordered by 
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FIGURE 1().1 .-East·west section through Luema shaft. ;vp, White porphyry; bl, Blue limestone; pq, Parting quartzite; wl, White limestone, £q, Cambrian quar trll~ 
~.granite 

porphyrie ; the fis ure that i t occupi mu t hnve 
been formed sub equent to the intru ion of Gray por
phyry and reopened ub equent to the intrusion of the 
dike and prior to deposition of the ore. 

There has been little opportunity for observation of 
formations on the west side of the vein . It is known 
that the formation cut by the Blu e Ribbon and Chau
tauqua hafts are Cambrian quartzite and White 
lime tone, dipping eastward , but there ha been no 
opportunity to examine the two properties in detail. 
On the east side of the vein the rocks in the Winnie 
mine have a much steeper dip than on the west 

lai·ger veins of high-grade ore. In some places, par· 
ticularly in the north end of the Winnie and along 
the middle levels of the Lu ema mine, ore occupies the 
full width of the vein. Th re i little or no evidence 
of cavity filling, and the ore occurs a band or lenses, 
formed by replacement of the cru heel rock alon.g 
fractW'e in the fault zone. T ypical vein quartz IS 

inconspicuous on the whole, and the highly iliccou 
ga,ngue is mainly the gougy material. The main ore 
shoots end along the shale beds at the top of t~e 
quartzite and in the White lime tone, although certalll 
favorable beds within this shaly zonehave been replaced 
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b) ore both along the main v in and along the branch 
[ault . 

The ore abov 
~JS t level of the 

100 

the third 1 vel of the Lu ma and the 
Winnie haft i thoroughly oxidized, 

0 100 200 Ff:f:T 

~miE 105.-East-west secti on through ilvcr Spoon shalt . bl, Blue limes tone; pq. 
Parting quarl7.ilc; wl , Whit limM ton~; t'Q, ambrinn qunrt~itc; gr, Ornnitc 

111d orne oxidation hn lowe t 
1rels . Th ,·idiz d or 01 i of brown loo ely 
«impacted o h rou mat rial with i olat d bunch 

N. 

I 

~ ite l 1 meston~ 
I __ _,---

:ambrian quartzft.e 
I 

_.;---- - 1 - ' ~ 
Gran ite 1? · 

? 

and pot of ericit The ulphid or o far a een 
i a mixture of bla k zinc blend e, pjTit , galena, and 
chalcopyrite, nam d in the ord r of nbundn.nce. Th 
general prevalence of zinc blend i al o borne out by 
a large number of a ays and m lter r turns but th 
rich gold-copper ore along the " - t wall of the main 
\ein in the Winnie ground may hew been low in zinc 
and considerably enriched by chalcoci t In both th 
Winni and th Luema ilver poon or hoots pyri• 

w. 

0 

E: • 

. ·:_;--~ 
: ::;.-Weber gri\.5• 

~;:::::q~ 

100 •so rttT 

F IGt; RE 106.- :\". 7 • E . section a t north end of i!,·er ~poon tunnel, 1,4ib feet north· 
northwest of ilver poon shaft 

and halcopyri te are more abundan at tho lower le el , 
where the wall ro ks ar quartzite and grani e, than 
at higher levels, where limy transition hal and 
White limeston predominate. They ar found in ir
regularly cattered bunch and grains with the blonde 
and ga !rna , and also as com para ti \ely pure treak · 
but a a whole they are rath r evenly eli tributed at 

level. Galena i pra tically ab ent in some 
and reltttiv 1~- abundant in other e pecially in 

s. 

F IGURE 107.- Longltudinal section showing variations In amount or displacement or Cambrian quartzite on both walls of Luemn fault fissure 

99271-27t- 22 
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tho wider and most thoroughly metallized parts of the 
main vein and in the adjoining blank t depo it a 
hort distance from the conne t d branch faults. 

Throughout the vein there i considerable black, 
sooty material, orne of which may be the copper oxide 
tenorite 22 but roo t of which i chn.lcocite. It is very 
conspicuou in plac , but available anal es and as ay 
indicate that the copp r cont nt of the ore, exc pt. 
along the we t wall of th vein in Winnie ()'round, i 
very low. Only one hipmont las eel a copp r or 
(containing 2~ per cent or more of copp r ) has been 
reported from the Luema mine. 

Considerable leaf and wire gold has been found be
low the completely oxidiz d zone, particularly in th 

s. 

w. 

Stope 

I 
"11 1 

\g,_ '6 I 
I 'i: I 
1~ ., 1 Dr ift 
~~I 
I 0:.'§- I 
I" I 
l ~'t;-1 
I" " I 
1 '}1 
I I 

wallrocl . tallized quartz i incon picuous 
Carbonat gangue i rnr in the productive part oi 
the vein, but may be pre ent in and around tho 11 
ciat d r placem n t bodie in Whi te lime tono. er: 
cite ha b en largely con er ted to whi te clay material 
Much of thi clay material ha_ al o r placed Whi~ 
lime tone in and along th v m below Lhe oxidized 
zon and i pr n t down Lo the lowe t 1 vel. 

WT N TIE U NE 

The working· of th Wmnie mine include a haft 
322 f et deep, ' ith 1 vel at depth of 252 and 322 
fe t. The fip t level ext nd n.lonO' the main vein for 
t.h ntire length of the prop r ty (1,400 feet), and i 

Sto pe 

section of vein 140 feet south or north lace or second level, Winnie mine. wl, White limos tone; gp, Gray porph)'ry ; 
£q , Cambrian QUArtzite; wp, White porphyry; gr, granite 

Winnie working , from whi h hipments of remarkably 
rich ore were made. The range in content of gold 
and other metal i hown in the detail d descrip tions 
of the mines. Manganese i hown in only a few of 
the analyses and avern.ges only 0.5 per cent, except in 
iron-manganese oxide ore hipped from the Luema . 
This ore is very low in gold, and it is probable that in 
this as in other vein of the di trict manganese has 
been instrumental in the downward enrichment of 
gold . 

The gangue consists principally of quartz, sericite, 
and white claylike material with remnants of altered 

"Butler, 0. M ., Some recent developments at Leadville; a Leadville fissure ' 'ein: 
Econ . Oeolcgy, vol. 7, p. 318, 1912. 

branch onnect with th fu t and third blanket 
s topes north of the haft (pl. 69). The econd level 
ex tend in a inuou course to th Cle eland haft and 
connect. with the dovm-dtp end of the first and 
second blanket bodies . West of the Cleveland haft 
it connects wi th the main vein and follow it to a 
point 1,100 feet north of the Winnie haft. A third 
level (not hown in pl. 69) r each the vein from the 
Cleveland shaft. In 1923 a connection wa driven 
from the Yak tunnel, and reached the vein about. 450 
feet below the bottom of the Winnie haft. 

The formations in the west wall of the vein are hown 
in Figure 108. The same formations in the east wall 
are 140 feet lower, and Parting quartzite and Blue 
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nmestone cut by a . White porphyry ill are pr ent 
bove the fi1 t level for 200 f et northward from the 
~aft; but Whit~ lim tone and Cambrian quartzite 

1
nd the inter venmg Gray porphyry are the only wall 

rock expo ed along the two level . According to 
phil ip Argall,23 who examined th mine in 1905, the 

t level follows tho footwall of Cambrian quartzite 
for 700 feet and then pa es along the Gray porphyry, 
rhich had cav d. High-grad e enriched sulphide or e 
ras exten ively toped along the footwall . From 220 

10 4 0 feet north of the haft and 65 feet above th e 
level the or along the footwall joins a blanket replace
nwnt depo it of siliceou oxidiz d or e in White lime
ione, whichha also been exten ively top d, although 

1little ore r main in pilla1. and in place arou nd the 
ldg . I t i not known wh eth r the w t limit of the 
;tope mark the limit of mineralization or only of high
!!ade ore. 

The ulphide ore on the second level belonged to 
two clas es-rich gold-copper ore and mixed ulphide 
ore. The gold-copper ore formed a seam 6 inches to 
2 feet thick along and near the footwalL Only a few 
r emnant of the footwall vein were left , and crisscro s
ing tringer of imilar ore were present in the middle 
of the vein (fig. 10 ) . 

amples of ore of this class, collect d by Mi:. Argall, 
wer e as ayed , and the results are hown on the first 
three lines in the following table. The smelter returns 
on carload lo ts, list d in the table, were furnish ed by 
the owners to Mr. Irving. The content of gold, sil
ver , and copper in three of them indicate a high d egree 
of enrichm ent and doubtless very elective mining. 
Failure to r ecord the copper, lead, and zinc contents 
in all the assays prev nt a thorough compari on of 
the ore in the main vein with the ore in the connected 
blank t r eplacement deposits. 

A ssays and smelter retu.rns of ore from W'innie mine 

Gold !ounces Silver (ounces Copper 
per ton) per ton) (per cent) Lead (percent) Zinc (percent) 

.\long Gray porphyry footwall (1 foot thick)- ---- ---- -- --------- - --
1long quartzite footwall (1.5 feet thick) __ ------- --- - --- ------ --- --
!!ri nger in quar tzite hanging waU -- - -- - - -------- --- - - _____ _____ _ _ 
Carload lots, ma in vein: Fir t-grade ore ____ _______ _____ ____ _ . _____ ___ __ _______ ____ _ _ 

, econd-grade ore ______ __ __ ____ ___ __ __ __ __ ________ _____ ___ _ _ 
Third-grade ore ___ __ __ _____ _____ _____ __ _______ ___________ _ _ 
Fourth-grad ore _____ _____ ___ ________ __ _________ _____ _____ _ 
Ore from minor parallel vein _____ ____ __________ __ __ __ ____ __ _ _ 

1 

0. 65 
3: 54 
2. 1 

7 
3 
.9 
. 40 

3. 5 
6. 1 

32. 0 

1 0 
105 

50 
40 
76. 7 

The other cla of or wa found near the hanging 
rail of the main vein and in the connected r eplace
ment depo it in the Whit lim tone. I t i repre-

1 

ented by the following a 
copper was det rmined: 

0. 7 
4.6 

26. 0 
20.7 

10. 0 - - -- ------ - ------- --
10 -- ----- - - - - - -- -- ----

11.5 4. 5 9. 5 

only on of which 

Assays of mixed su.lphide ore from hanging wall of lode and connected replacement deposits i n the Winnie mine 

-1 

-11--------------- - --
Fir t r placem n bod nort h f Vi inni haf t: I 

1 carload lot _____ __ _______ __ ______ ------- - - - - -- - -
ample along nor t h wall-Range ___________ _______ __________________ __ _ 

Av rag ----- - -------------------------------Hanging wall of lode clo by r pl11 cem n t I ody (a v rage)_ 
l R placement body a t 1 veland haft : 

I ~~~~~i~ ========================================= mall hoot near v in w st of lev land haft: 

. ~~~!:i -======= = = = ====== = ===================== = ==· l 12 feet below 1 o. 4 : 
Rang - - -- ---- --- - --- - - - --- - ------ - ------------ - -

61 a p1:;:!~~t -t)o-ci;;-a-t-~~ i- -- - ~ -o-. - 1 - ~-- ------ ------------
Range _______ ______ ______ ____ ____ ___ __ __ ________ _ 
Average _____ __ ______________ ___________________ _ 

Gold (ounces Silver (ounces Copper (per Lead (per cent) Zinc (per cent) per ton) per ton) cent) 

1.0 (?) 3. 0 10. 0 --- -- --- ----
0. 30- 1. 32 2. 0- 13. 4 ----- -- --- 0. 6- 6. 3. 7- 31. G 

. 59 5. 0 ---- -- ---- 1. 7 10. 0 

. 50 5. 0 --- ---- --- 6. 0 15. 0 

. 10- . 54 2. 6- 7. 0 ---- ---- -- 6. 3- 22. 9 7. 0-24. 5 
.2 9 4. 4 -- ------ -- 12. 0 1 .7 

. 09- - 34 2. 1- 7. 0 ---------- 2. 3- 12. 9 8. 3- 21. 
. 216 3. 5 --- ------ - 4. 4 12. 2 

. 25- 1. 1 2. 7- 9. 4 ------ ---- 0. 7- 4. 6 5. 0- 21. ~ 
. 63 5. 0 ---------- L 6 14. 1 

. 23- L 1 3. 1- 6. 3 

~== = = ==== == 
1. 0- 3. 7. 5- 25. 5 

. 506 4. 7 2. 2 17.7 

ing on the nor th ide averaged 2 feet in thickness. 
When th tope r ea hed the econd level the ore body 
w found too thin to be mined but it i ignificant that 
the trend of thi body i ' about in line with stopes on 
r epla m nt depo its in Blue limestone near the New 
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Monar h intervening ar und i ther for 
worthy of on id -ration. Th on arlond of ore r p
re ent d in th ab vo table wa richer in g ld 
th or left along th north wall, and mining wa evl
d ntly onfin d o th mo t mi hod ore. 

Th n xt repla m nt d po it to th north ''a 
f et thi k n ar the le eland haft , and th ample 
repr entecl in th tabl •ver all taken in thi vicinity 
bef re the bulk of the or wa min d. A the ' ar 
relati ly far from th . main v in their lower gold con
tent and hiah I ad c ntent ugge t a grndation from 
the ilic ou gold ore of the. veins to th mix d ulphicle 
ores of the blanket clepo iLs, but thi uag tion can 
not be empha izcd without a . tucly of the ore in place. 

The mall hoot al ng tho a t ide of he ein, clu 
w t of th Cl land haft i merely a bulcrina of tho 
vein into the White lim tone wall. Th ore 12 (e t 
below it, in ru heel quartzite or gou YJ material, aver
ag eli tinctly higher in gold and low r in load. Th 
repla ement body at rui o. 1 , 590 ( et north of 

ate Lhnt about 

Luema 
shaft 

zoo 0 zoo 600 F'EET 

FrounE 109.-Longi tudinal se~ tion showing approl imate dimensions of Luema ore bod y and its relation to limestone of en t wall . pq , Partingq uarttlte; wl, White lim!· 
stone;-" ~ . arnbriao quort 7jte 

haft, wa amplecl only clo to th v in , h fore tho I 

bulk of it wa mined and hero the gold wa ntthcr high 
and the 1 ad low. The northernmo ·t 100 feet of the 
vein, along the econd level , betw on walls of Gray 
porphyry, contained ore a eracrincr 0.36 oun e but run
ning up to 1.25 ounc of gold to tho ton. ih·er 
averag only 2 ounces to th Lon, lead lc than 1 per 
cent, and zinc about - per c nt. It would not be 
surprising if a rai e to the White lime tone ::;hould 
disclo e a replacement body at till place. In fact, 
raise and drift u.long all the mineralized bran h fault 
may di clo e o her repla em nt botlie in lime tone 
above tho e already found, and ore may b expected 
along quartzite wall below the econd level. Whether 
the cin will continue to be productive d wn into the 
granite is doubtful. Jothing encouraging has heen 
r ported from the Yak tunnel level. 

ParLial analy is of compo ite samples from th first 
and second level hows, in addition to the metal al
ready tabulated, 16 to 21 per cent of iron, 22 to 29 
per cent of silica, and 21 to 25 per cent of sulphur. 

r plac m nt b dy in Blu lim tone, ncar tho Luema 
haft, hav also b en min d. Th ore in th n ill'l 

wa imilar to that in the main v in· that in the r~ 
placement body wa mor like tho oxidized blanket 
or in the w tern part of the eli tri ct, but no rmaly· 

of it ar available. 
The or hoot in Lhe main vein opp ite th Luema 

haft xt nd from a point 25 f et below tho econd 
lev 1 down ab ut to the ixth level. Abov the ec
ond level the vein fi ur and it walls are thinly im· 
pregnated with pyrite. The top of the ore b~l 
pitch northward at an av rage angle of 12° nnd' ' 
bottom extend almo t horizontal to the point whrre 
the . hoot pinche out on the sixth l vel. B low the 
fourth -level, oppo ite the Luema haft the hoot 
plit into two branche , one along 'ach wall of the 

vein, separated by fault material that contains hort 
streaks of ore. The w t bran h or vein ranged froDI 
a few inches to 3 feet in thickn s and was mined 
continuously to the ixth level. The ea t branch WAS 

narrower and less continuous and roo tly of too low 
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<71'1\de for mmmg. \. eric of hort l en e lay a hort 
dist nee ca t f and pandlcl to the ea t bran h. B e
lo"· th hoot n the sixth 1 vel the vein cont.ain 
mninly v inlet 1 or 2 in h thick of t)Tpical ul
phide ore of good arade but too . mall a nd too widely 
caLtered to b mined. \.bout 2 0 feet outhw t of 

the ilv r poon haft, on th fifth le,el , th or hoot 
mointRin d a width of 12 feet for a clistan c of 100 
feet and contained ore of \ Cry high grade. 

The ore wa thoroughly ox idized down o the third 
level. It pre umably conta ined li ttle or no zinc and 
it tenor in go ld \\-a le than tha of th underlyi ng 
ulphide ore, from which , h w \er a hown on 

poue 31 , it di l not gr atly differ in value per ton. 
'I'h north- outh vein that parallels th vein on the 

cost ncar the 1 i lver poon (fig. 105) and the north
cu t vein betw en th main Ycin n,ncl th Luoma haft 
(fig. 104) ar acnerally imilar to the main vein in 
chara tor and r q uir li ttle common t. That near the 
ilver po n haf. i cut off at the top by the aaglom

ern te pipe. It wa productive where on wall or 
both wall w re of quartzite but where both walls 
were of granite ther were nly mall stringers of ore, 
imi lar to tho o bel w th hoot in tho main vein. 

The v in of north a t trend near the Luema haft 
was producti v from a point b low th e ond level up 
to the bedrock urface. This v in had been aban
doned when the min wa i ited , but o far a known 
no branch alnng th b d of White lime tone had been 
found. 

~rade zinc ore, whi ch wa ~ tnined br0\\"11 and black bv 
1ron and .mangane e oxid . ~ o oxidized zinc or i.n 
commercwl quant1ty wa found. 

'l'he northwnrd continuation of the main vein ha 
be~n explor d by th ilv. r 1 poon tunnel (pl. 69) , 
wh1 h pa e throu 11h gla. llll m r· inc and ' Web . 
grit.," and by drift from a winze unk 12 fel't below 
the face of th tunnel into Blue lim s tone at around
water level. The v in fi ure i · there poorly defined 
a n l i roprc en ted by a broad hattpr d zone R.long an 
a tward-dipping monocline (fig. 1 6) . Th Blu 

lime · tone hn. been replaced by j11 per id ained by 
iron and mangan e ox id e R.nd contn.ining in plac · 
enough lea l (5 per cent) to be Ia . cd n lO\\'-arad 
ili ceou lead ore. 'l'hi lend ore i . aid to ontain 

about 0.3 ounce of gold and 10 oun e of ilvcr t th 
ton, wher as the ilic ou iron-manaane o oxid ore 
ontain only 0.05 ounc of gold and 10 to 15 oun 

of ilver to the ton. hipmen s la eel a iron-man
gane e oxid or , vidently from th i place ar rcpr -
cnted on page 31 . 

The low grade of the or , the ' feath rina out ' of 
the fault, and the northea t dip which carrie h 
lime ton below water lev l within a hort di~ tan e 

' afford little encouragement for pro poctina farth r 
northward along the vein. It m ay b e that th mall 
amount of displacement along thi part of the fault i 
due to another change in direction of th row u h a 
occm omewhere to tho outh of the Lu mtl. haft 
and that the di placement increa e again to th north~ 
ward. The t ru cturo in that ca o ma b favorable 
for a~other ore hoot, 'but the co t of determining thi 
que~twn may b at pre ent prohibitive. If th an-

'I'he only branch fault conn cting with the main 
vei n and orre ponding to tho e in th v\ innie mine 
are interse t d by the fifth 1 vel 750 f et and more 
north of the ilver poon haft (pl. 69). They are in 
Cnmbrian quartzit which i impr anat d with 
pyrite. o effort ha b n made to follow them 
upwind int Whit lim ton with the hop f finding I 
blnnk t replacem n t lcp it . 

' terbury Hill tunn 1 ev ntually r each the vi inity 
and lowers the water lev l condition for pro p tina 
the ground b eneath the ilver poon tunnel will b 
impr d, and the outcom of pz·ospccting there can 
d termine th advi ability of extending development::. 

Th large repla cment bodv in Blu lime t ne n ar 
tho Luema haft i npp d by Whit porphyr "" · It 
northern part tr nd . 70° E. , J an:dlel t th min r
aliz d bran h fnult of he main v in, but it lu.r.>-er 
portion tr nd J. 20° W. , nbout parallel to th main 
rein, and rminatc both n rthward and outhward 
alon11 t cpl dipping fra tur . It ha n t been 
prov d t conn t with th main nin or wi h the 
north a t YC'in that pa n ar the haft. The tope 
in thi. body wa ' initere .ibl ' h n the mine' a vi 
itcd . 'l he or " ·a oxidized abov th c ond lev l, 
wh r·c it grad ed int ulphidc ore that ontinu d a a 
narrow hoot tr nding . 70° E. ben ath th White 
porphyry. arl 200 f et outheu t of thi nnrrow 
hoot a fi ur f northea t trend contai ning oxidiz d 

lead r 1 to 3 f t thick wn follow d for about 0 
feet. Wher th ·ond lev 1 po. d 'lo to th floor 
of th oxidized hoot mall bun h of oxidized zinc 
ore of good grad wer found attered throuah low-

northward. 
The Luoma then known a, the Valley mine was 

opcrat d by 1 e in 1 91-1 93 but no record of pro
du tion prior to 190 i at hand . The Luema Mining 

o. wa in orporated O\ember 25, 1907, after the 
min had been idle for at 1 a t two years, and its first 
hipment of ore wa male in June, 190 . 'l'he aver

m etal contents of annual hipmont ince then 
hown in th accompanyina table ~ P· 318) . The 
are all ili eou and ar div ided into two main 

ln -"oxide" (in which the ulphur ontent i 1 . 
than 10 per cnt) and ulphide. Th e are ubdividl'd 
a c rding to metal con ent . Tho fig ur recorded ar 
too incompl te to indicate the mineral composit ion 
clo ely. ulphur, o far a determin d in the oxide 

I 
ore (in 19 'only), r ach d a mo.ximum. of 2.5 per cent, 
uga ting that much of th lead wa pr nt a gal na. 

Chalcocit may al o be pr cnt in partly oxidized or , 

I 
but the p ercentage of co pper i too li ttle to account 
for an appr ciable amount of sulphur. 
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L ead in ingle rupments of oxidized ore amounted 
to as much as 25 p r cent, but on the whole it i no 
more abundant .in the oxidized ore than in the ulphicle 
ore d pite the fact that the l aching of zinc and other 
soluble material may have r la ti ely increa eel th e 
original percentage of lead by a much a one-fif th or 

on -fourth. The per entnge of copper also how little 
change from ulphid Lo oxidized lead ore, although 
orne 1 a hing of th oxidized zon is proved by the 

film of ooty chal o i t in th ulphid or below 
Th one lot of copper ulphid ore hipp cl in 1916 ma1: 
b a ttribu t cl to local cnri chm nL. · 

Average contents of ores shipp dfrom the Luema and ilz,e1· poon mines, 190 - 1921 
Oxlcle ores• 

Year 

190 -- - --- --------------- - --- - --------- - --- ----1909 _______ ________________________ __ ___ ____ __ _ 

1910 ----- --- - -- ------ ·--- ------------------- ---
1911 ------ -------------------- - ----- ·----- --- --1912 ___ _________ _____________ _________ ___ ______ 1 

1913 ____ ____ _______ ___ _______ _________________ _ 
1914 ____ ___ __ ____ ____ _________________ ___ _____ _ 

1915 - -------------------- ------ ----------------1916 ______ ___ _______ ___ ____ ____ ________ _______ _ 

1917 ----------------- ---- - ----- ------ - ---------
191 ----- - - ------------------------------------1919 _________ ____ __________________________ ___ _ 

1920 ----------- - ------ - ------ ------ - -- -- -------1921 _____ ________ __ _______ _______ _____ _____ ___ _ 
I 

S iliceous lead ore 

Gold ilver opper 
(ounce per lounccs per (p r cent) 

ton) ton) 

0. 32 
. 519 
. 623 
. 174 
. 597 
. 205 
. 210 
. 351 
. 43 
. 377 
. 3 2 
. 414 
. 204 
. 403 

- -~--
4. 7 (b) 
7. 42 (b) . 
. 15 1 d O. 64 

2. 9 d . 099 
7. 1 d. 62 
3. 99 • . 131 
5. 0 c. 265 
5. 34 d. 1 1 
7. 36 d. 2 4 
6. (i d . 413 
6. 33 d. 239 
5. 46 I d. 24 
4. 70 (b) 
. n I (b) 

Dry s ili ceous ores 

Lead I Zinc 
(per c o t) (per ccn t) 

cg_gg .J ( b) 

c ll. 42 (b) 
C7. 25 1 (b) 
c 5. 95 l. 0 
c 6. 95 (b) 
t7. 2 I (b) 
• 9. 3 (1') 

rl l 5. 16 1 (b) 
d l 5. 66 (b) 
rl 13.64 ( b) 
d 14. 65 (b) 
d 11. 63 (b) 

9. 67 (b) 
Hi. 15 I (b) 

Silica 
(por coot) 

frou Mangan~ 
(per cent) (per cenl) --

0. 5 

-------- -----·--- -- -----· 

--- ------~----- --- ------ .. 

= == ~ ~-~ 6 T = i~.= 6 = =1== =::::: 

------------------------------------- ---~~----~-----.-----.-----.----~----

4. 11 I o. 1 9 
1
________ (b) 1913 ______ _____ _______ ________________________ _ 

1914 ___________ ______ _____________ ________ ____ _ 0. 224 
. 93 1 
. 124 
. 660 
.0 

5. ---- --- - t 2. 73 -------- -------- ----------------
1916 - ----- -- ---- ------ --- --- ------------------- { 

1917 --- ------- -------- ------- -- ----------------1 

-- ·- -- -- d 3. 65 
22. 11 d 2. 23 d 2. 3 

7. 46 1- --- -- -- d 3. 56 

Iron-mangan se ores 

. 035 12. 63 ---- -- --

1. 10 
. 6 
. 47 

53. 20. 
5 . o 1 13. 1 

1 0 
10. 0 

1916 ----- - -- - ___ ·- - -------- - - - -- - ~ ------ -- -~---_ II { 0: g~g g: ~2 11 ~ = == == = = 

~----~------~----~----~------~----------~----

1910 ----- ----- --------------------------------
1912 --------------- ----------- - ------------- -- -
1913- -- - -------------------------------- --- ----
1914------ - --- - - -- ------ - --- - -------------- -- --
1915 ------- - ---- - -- ------------ - -- - ------- -- ---
1916 --- - - -- -- -- ··--- --- -- - - ---------------------1917 ____ _____ ___ _____ __ ___ __ ! __________________ { 

191 -------- -- - - - ---------- - --- -- --- -- - -- ---- - -

1911 --- ----- -- - ------ -- - -- - - ---------------- - --
1913 - ----- ---- -- ------- --- -- - ----- ------------ -
1914------- -- - - ---- - ------- -- - ---- - ---- -- --- ---

Ulphlde ores 
Siliceou s lead ore 

Dry siliceous ore 

0. 916 
. 64 
. 744 

11. 17 
7. 01 
6. 36 

Copper ore 

1916 ------ ---- ------------ -------------------- -1 o. 222 1 21. 4 

1913 ----- -- -- - - ----------- -- -- ------ - --------- - { 
1914--- ------ - -- -- --- ------ --- -----------------
1915-- - ------- ---------------- -------- - ------- -
1916 --- - --------- ---- - ---- ------ ------------· --
1917 -- - - - ------- ----- ------------- - - -------- - --

Zinc ore 

0. 142 
. 424 
. 435 
. 313 
. 43 
. 351 

4. 27 
6. 83 
5. 82 
5. 19 

10. 14 
9. 11 

d 1. fifi 
•. 7 
•. 54 

I 

~~~~ ~~~ ~ I 
--------1 --- -----_ ... __ ___ _ 

c 7. 4 
C6. 27 
t . 42 

t 15. 06 
d6. 11 

d 13. 5 
d5. 90 

d 11. 47 
d . 0 

C2. 59 
•. 76 

e 2. 1 

10- 15 6. 0 14 

d 1. 92 1-----.. --I---- -- --I ---- --- -I-- ---.--

d 3. 46 1 
d 1. 93 
a 2. 35 1 
d 4. 91 I 
d 2. 5 
d 2. 92 I 

14. 03 
24. 19 
20. 03 
17.46 
23. 0 
22. 39 

• Tho term "oxide ores " in this table implies 11 con tent or less than 10 per ~'Cnt sulphur, whether the ores are appreciably oxidized or not. It is Imposs ible to esumale 
the degree or oxidAtion without the determina tion or the iron, zinc, and sulphur present . 

b Not determined. c Fire assay. d Wet a'<Say. t Recovered. 
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A ssays of unusually rich ore f rom the Luema mine 

I Gold (ounces I ilver (ou nces Copper (per Lead (per 
per ton) per ton) cent) cent) 

Zinc (per M anganese 
cent) (per cent) 

-------------------- ---1---------1----11----1----

Bich ore, flf t h level_ -- - -- ----- ____ _________ ___ __ _____ _ 
~rked p cimell , fourth level a ___ _________ ____ _____ ____ 

1

1 

[ t rein at ilver poon shaf t, fif t h leveL _____ ________ . a: ~ I 2. 0 

27 - - --- -----

1 I 2 40 3. 0- 5. 0 

29. 5 
2. 0- 3. 0 

25. 0 

11. 1 Q 4 

omc r •ccnt deve lopments a t Lcad,·ii te; a Lead ,·iJJo fls~ure vein: Econ . Geology, vol. 7, p. 31 , 1912. 

Zinc i much mor e preval ent than the partia l anal-
" indicat e, and it is likely tha t ome hipments of 
· d ulphide ore have been penalized for zinc in 
e.1c of 12 per c n t. The zin ulphido or e hipp d 
1ridcntly repre en t lot in whi h th e pore ntagc of 
kad fell below 5 and i not to b e harply di tingui h cl 
rrom the lead and dry or . 
Gold , a u ual , vari e ind op ndentiy of the oth er 

!Onstituen t . Th high e tcon t nt record d,2 . 5 oun c 
10 the ton, happ ned to be in one lot of 1 ad ' oxid e 11 

Jre who e compo ition can not be ov n approximately 
·timated; hu t on the whole h e go ld content i , dis

rinctly 1 in th e " oxide" than in the ulphide ore , 
Ifact th~\ t ·ugge t part ial loa hing. A everal lot 
Jl" oxide 11 or e which were in fa t onsid rably oxi
lized, averaged about 0.5 per cent of mangan e, i may 
)e inferred that mangan e aid ed in the downw ard 
:onccntration of gold. This infer n c i tr eno-thened 
oy the extrem ely low gold conten t in the iron-manga
n e oxide ore , whi h probably am from th e nor th
trnmo t and high t part of th e vein , r ached by he 
)ilvcr poon tunneL 

ilvcr averao-e a little ] in the " oxide 11 than 
m the ulphi<lc or , which impli a r elati,cly mall 
IDloun t of downward enrichment on h e whole, al
iliough highly enrich d ·ulphide or have been found 
bcally. ingle hipment both of lead " oxide 11 and 
~ad ulphid r on tained a mu h n 25 oun of 
illver to th ton and th on hipm n t f copp r ul
phidc ore con tain d 27. 4 ounc to th ton. The 

ence of mnximum ilver and opper on t n t in 
ilie am lot of ore ugg t tha t enrichment in both 
metnls hn occulT d and that halcoci e erved a, a 
!l"ecipi tant of ilv r but the ratio f ilver to copper 
in mo t of th hipmcn i eith r not hown or i too 
rariabl to indi at that u h r lati n i gcn ral. 
The predominan ·e of 1 ad or in th Lu ma v ein 

may b attributed in part to the influ ence of White 
fun t ne in the wall and within th faulL zone, pe
tially along th e upper part of the ore boot · but i t ap
pears qua lly probabl that solution whichhadalread y 
deposited mu h of th ir pyrite were unah l to cape 
from gouge-line faul t and w re ob lig d to depo it the 
bulk of th ir min ral within the fault , r o-ardl of 
lhe influ no of different wall r o k . Thi interpr ta-
lion ~~1 o impli that the low-grad ja peroid or 
found at a high r lev 1 b elow the ilvcr p on tunn el 

are more r emote from th ource of supply and consi t 
of. uch materia l as wa able t o m ak its way throuo-h 
the o-o ugy part of the vein above th e main hoo t. 

uch m aterial i likely to be of low grade, ex opt 
where co ndition for emichment have b e n un us uall y 
fa vorable. 

ORE BODIES EAST OF WINNIE-LUEMA VEIN 

T he outlin of th blanket ore bodi in Blue Jim e
stom• between the Winnie and New Monarch haf t 
were -rurni b ed by the pru ons con trolling th e property 
ubseq uent to Irving' fie ld work, but th former man

agement r efu d admi ion to th min . The workings 
ha e been clo:cd during ubs qu ent brief vi it to th e 
eli t ri ct, and nothing d finite i known of th m . Di
r tly nor th of them ore bocli es wer work d throuo-h 
the Midnigh t , K at , and Valley hafts, but were cut off 
byth eJ o ie rhy lite pipe, a howninFio-ures 13and1 4 . 

Other blanket bodi were worked in the early day , 
notably tlu-ough h e Virginiu t unnel wher e five tons 
of ilver-lead or e i r ported to have b n produ eel 
daily during Dec mber , 1 79, and in the loveland 
min e. _M any lar o- dump in the vi inity contain min
en-Jized lime ton bu t no oth ru· r ecord of or bodies 
ha\Te been ob tained. 

OLLIE R EED-SILENT FRIEND GROUP 

Anoth er group of blanket d po ·it in teplikoarrange
m nt xtond ea t-northea tward from the pipe of 
no-o-Jom crate outh of the Winnie mine. The we tern
rna t of the: ·c d po it r eplace White lim tone in the 
OUi R e d mine and i abruptly cut off by the agglom
ra t (fig . 110) . The other are in the T enderfoot, 

Favori te, and ilent Friend mine and consi t of long, 
narr \ , irreaular hoo with an a erage trend of 

. 75° E. They ar e all in th e Blue limestone and are 
mepped as 'fir t ontact11 ore bodie , although they 
li within the lime tone \ ell below th former po ition 
of th eroded White porphyry. The ore hoot in the 
T enderfoot min i illu trated in Figur 110 and 111. 
It extend from the hedrock urface downward with a 
pitch of 45° ~o a floor of " flint" or ja peroid about 60 
feet above th Parting quartzit . o records showing 
the content of i or hav be n obtained for com
pari on with tho e of the R mrection group, to the 
ea. t and with the blanket depo it underlairl by flint 
in th Iron Hill and Fryer Hill areas. Figure 11 1 
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how - a mall vein vidcntly cut on the ou th drift, 
but nothi1.g i known about it or th blanket d po it 
w t of it. Th re i ~ no r ecord of an ' rl below the 
Blue lim ton0. 

The blanket ore hoot of th ilent Friend v0in' a 
e..'\:amin d b Irving on th Yak tunncll vel, wh r it 
wa found to tr nd 1 . 10° W. and dip 70° W. bctw en 
granite wall and t on i t hicfly of pyrite, with omc 
zinc blende an l galena. It had be n follovvccl upward 
for om eli ancc and wa aiel to conn t' ith blanket 
ore. but no conn tion i indi ated in Figur llO. · 

N 

c. 

the blank t oro 1 and but littl attention ha be . 
to th m. om of them arc r port d to b co~ng1r1n tl 
also with ~lank t ~res b 1 nging. to a one! 0;~~ed if 

onta t. The pu. mg of the c voJO i r lativcl· 1 rd ~ 
a in th Ib x ()'roup. om of th m are cutJCosbe, b 

r ·1 1 f b . Int e 'Yak tunno , ncar y 200 et olow then· termi r 
against tho ov0rlying 1 W bor shal " but ha~a Ion . . ·e• been followed on th tunnel 1 vel. . II th~ . 

" I'Cill\ a 
b 1 ng t th north-north n.st y tom, and tbev dey· 

1 1 f l d . . ·' late 
omcw u1.t rom t 1at 1r t1 n than he veinl in 

th o h r aroup , but he outhcrn part of \Tcin Xo. J 
I 

. . .... 

. ~ :'~:2!:~7~§· y; :, ·. <)i;t~~ ...... ~' . ,. ~ 77~' 

FIG URE 110.-Pian of workings o! Ollie Ree:1, Tenderfoot, Favorite, and Silent Friend mines, showing 'outlines of ore bodies and edge of great pipe of ~ill!! · 
ate to the south 

RESURRECTION GROUP 

Nine veins are known in the Resurrection group, and 
for convenience they have been eli tinguished bynum
bers. Four of th m-No . 1, 2, 7, and -hav a 
roughly cr centic form with large radii of curvature. 
Mo t of the eins terminate upward in blanket replace
ment depo it against the layer of the 11 Weber hale '' 
that commonly lies between the Blue lime tone and 
the o erlying White porphyry; orne, where the hales 
were absent, directly underlie the White porphyry. 
The replacement depo its have been the principal I 
source of ore, and only one of the veins, No. 7, ha pro- I 
duced any considerable amount. The relations of 
blanket replacement deposit and veins are hown in ., 
Plates 27 and 70. 

'l'he veins were all accidentally discovered by under
ground workings driven for the purpo e of developing 

which ha o far b en ob rvcd only in the Yak tunnel. 
ttS um a south- outhea tcrly tr nd for a di tancc of 
200 feet. 

Th eveio ran()'einwidthfromaf winch to4fcct. 
b 

The o. 7 vein, which li east of th Yak tunnel, is well 
defined and ha b en follow d downward from the con· 
tact for a considerable distanc , and it ha nlso been 
cut on the Yak tunnell vel. It ha produced a large 
tonnage of illceou gold or , mu h of which contain~ 
galena and zinc blende with subordinate ilvcr. Th · 
:fis ure i vertical a a whole although locally it hades 
a little from one ide to the ~ther. It is lightly cr · 
centic in form, with it concave urface townrd t~e 
west. The vein fills a fault fi ure, along which ad · 
placement of approximat ly 40 feet i ob ervable on 
the lower levels of the R urrection mine. . Us 

Another vein of the same character and attttude fi 
1 a fault fi. ure of slight displacement 100 feet ea to 
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the i'J 0 . 7 vein . It ha not been cut on th Yak tunnel 
level. The vcrti al vein ju t w st of the Fortune 
~1a ft is undoubtedly the arne a that cut .500 fe t 
below on the Yak tunnel l vel. Besid · the vein 
ind icated on PlaL 27 and 7{) other' hav been report d 
in working Lha t could not b e xaminecl. 

The top. f th blanket depo it. pitch generally at 
an anglo of 15° ~. 2 ° E. , but orne of them have 
·prend in other dir ction , apparently guid d by cro' 
fractur . o further data on the e d posi are at 
hand , and it is no known wheth r the compo ·ition of 
their ores was gen rally uniform or changed as eli tance 
from the a nociat d \ein incr a eel, Or whether min
ing cea eel when th ore becam low in gold, leaving 
roi.\:ed ulphiclc or in th wall . Two cla e of ore, 
iliceou and lead , ha'e been min din recent ear~ from 

both the oxidized and the ulphid e zon , a hown 
below; but it i not kno\\·n from what ore ·hoot tb y 
came. The ore clas. eel as "oxide" include all con
taining le s thu,n 10 per cent of ::;ulphur. The zinc 
content of the lead ulphide ore! i not known. 

The. e replacement boclie.- arc part of a group that 
extend from the outcrop of Blue lime -tone n th 
outh ide of Little Ellen Hill to th Diamond mine 

and perhaps fn.rthcr . Oxidized kad-::;ilnr ore " a 
eli co \·ered at the u Lcrop , and n. curl) as 1 ' th 
Jrocluction amounted t 10 tons a day: The or lay 
for the roo t part ju ' ben nth thC' "~hitE' porph)T:J, 
bu at 'Ome pla C' it \YilS whol ly wi thin th lim ston 
and proYed to ben thin blanket of crren ln teral extent. 
It wa followc l in a nor lh-north C' t. clil'c t ion b · the 
Little Ellen in line, and its nor th \\· tncl c ntinu~tion , 
or anoth.er 'hoot in line with it, wa r nchcd by th, 

ew Year in lin , driv cnfromnlow r position.· In
crea in()' dep th north ward led to the inking of the 
He urrcction ~ o. 1 haft , n the northw t ·lop of 
Li tle Ellen Hill. which re. ultcd in the di cov ry of 
the blanket and connected v in of . iii e us py;·itic 
goll ore alr ad:; cl cri bed. The e ore bodi c ex tend d 
into th Fortune and eel alia mine . ili cou::; pyri ti 
ore wa reach d through the Re UJTC tion J\T . 2 haft , 
bu it ~ metal ontent wa di ftppointingly low. Th 

Contents of ores shipped from Resurrection mine, 1915-1918 

Cia s of ore 

Lead oxide ______ __ _________ ___________ . 

iliceous lead su lphide --- ------------ - --
iliceou dry oxide------------------- ---' iliceou dry ulphide ___ __ ______________ _ 

iliceous lead sulphide. ----- -- -- -- ---- ---
Lead-iron ulphid ___ _____ __ -. __ __ --.- -· 

o w et assay. 

Year 

1915 

1917 
1917 
1917 
191 
191 

Gold 
(o unce 

rer ton) 
iJ,·er I Copper Lend I Zinc I SilicA 

~~~~~) (per cent)• (per ceut)o (per cent) (per cent) 
Iron Manganese 

(per cent) (per rrut) 

---1- -,,---

{0. 552 
'1. 0 .551 

0 22 
0 374 
0 327 
0 305 
0 277 

3. 17 I o. 9 
1. 27 2. 0 
5. 23 0 2 
3. 91 . -------
3. 02 - -- - - - - . 

17. 00 I . 1 

2. 33 ,--------

5. 4 
11. 

7. 4 
9. 6 
2. 2 

34-. 9 
7. 7 

-------- (b) (b) ---· ----

~ = = = = = = = ___ ~ b~ ______ ~ b: __ -I======== 
-------- 32. 0 25. 0 ---- ----
-------- ..J4 21 . 0 

b Silica and iron equal, but record not kept. 

• 

100 100 FEET 
~~~~-~~----~ 

0 

FrovnE 111.- rroOie or ore shooL uenr Tenderfoot sbnlt, looking north-northwe t 
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northernmo t or bodies found in this group w re 
rea hed through th Diamond winze, at th end of the 
Yak tunnel. They are large bodies of low-grade py
riti or conn t d with f oding v ins, but at the time 
of Ir ing vi it in 1901 , no ore of hipping grade had 
been found and th mine ha b en idl for everal 
year . 

Blanket bodi irnilar to tho in the R surrec i n 
mine were also found o.t tho " firs t conta t '' in the 
Dolly B. mine and p rhap- in th Famou mine. In 
1922 an inclined drill hoi ·unk normal to the b dding 
from th north cL·ift of th Dolly B. min cut miner
alized rock '' ithin the Blue limestone 27 to 50 f o t 
above the Parting quartzit , 0 to 6 feet b low the 
Parting quartzite in the lower White lime tone or the 
Cambrian " transition hale " 3 to 7 feet above the 
typical Cambrian quartzite, and in the " transition 
hal " 19 to 2 and 0 to 5 f -et above the q uar-tzi t . 

S NDAY VEIN 

The unday vein i on the west lope of Ball Moun
tain and i opened by two hafts ' ho e collars have 
altitude of 11 ,921 ancl11 ,929 feet. Th vein ha al o 
been opened by the Garibaldi tunn 1, whi h xtencls 
from he portal, at the head of California ulch 2,400 
feet northeast'' ard and reach th ein at a depth of 
700 feet. 

The vein cu " W ber gri " "i th intercalated ills 
of Gray porphyry. It trend . 1 ° E. o.nd dip 0 

W. It rang from 1 ~ to feet in width and 
probably averag betw en 3 and 4 feet. The ore 
consi t of pyrite, galena , mall quantities of zinc 
bl nde, and halcopyrite. 

The ore was oxidized down for about 300 feet below 
the ~ollars of the shafts. Abo e thi level the vein 
was chiefly filled with carbonate ore. B low the oxi-

dizod zone a zone of enrichment extended clown for at 
le t 400 f et, t the pr nt tunn 11 vel, which i the 
lower limit of oxplor11tion. Th value of th enriched 
or was till continuing downward at th time of tha 
i it in 1900. Its copp r c ntent a ·aged 6 per cent. 
Roc nt hipm nt from th unday vein are rcp-

r nted b low . Ther wcr no . hipmen in 192! 
and 1922. Zinc was not r e orded. 

Content of ore shipped from unday vein, 1917- 1920 

Ia or ore Yea r 

iliceous lead ulphide ___ _ 
iliceon lead ox ide a ___ __ _ 
ili cou l ad-copper su l
phide_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ l 91 

ili ceous lead ulphide ____ 191 
iliccous dry ox ide b ______ 191 
ilic ou lead su lphid ____ 1919 

Do ------------ ---- 192 
Iron-lead ulphicl ------- - 1920 

a ilico, 42 per cent; iron, 17 per cont. 
b Silica, 67.' pe r cent; iron, 10.3 por c nt. 

I 
7. 5 0. 6 23.3 
5. 23 -- - --- 5.9 

0 161 7. 30 4. 6 l i 
0 151 3. 53 . 1 5. 5 
0 160 1. 76 0 01 2.1 
. o 3 I . 9 25.5 
0 0 0 6. 96 1. 0 19.3 
0 09 6. 0 1. 1 17.6 

The depth of the Blue limcst 
level of the unday mine or l wh re in the vicinity 
has n ver b n cl etermin d and an not b clo eli· 
inferr d b cau~e of the un ertain thickn of the 
porphyr ill . Th depth · indi at d in ·ection E-E' 
and F- F' of Plate 15 are only rough approximation. 
The pr en e of the unday vein and of pronounced 
mineralization in it vicinity imp lie that tho limestone 
below may be mineralized. Drilling i th rofore justi· 
fied to determine it depth, cleo-roe of min ralization, 
and, so far as po ibl , it relation with intru ive 
porphyry. If the lim ton i not too d p it may be 
reach cl by 11 branch from the Yak tunnel. 
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A(ter a mining di trict has been a large produ er for 
rarly half a century it mu t b admitted that ther 

been considerable opportunity to determin the 
it of productiv territory by mining and pro p ct
' and that probab ly mo t of the favorable ground 

ithin tho e limit ha been thoroughly explored· 
!here are reason , however, for hoping that the produc
··re area of the Leadville di trict may till be enlarged 
d that me good ground heretofore ov rlooked may 
found within the developed area. The r elative 
mi of ground hitherto n o-lected or inadequately 
pected mu t be gaged by the geologic tudy of the 

e1•eloped ground , together with a consideration of the 
·t of exploration. B ides the 1~ erves of promi ing 

!JOUlld that are believed to xi t and the dev loped and 
ptl.r develop d ore bodies that are minable with 
)COfit at pre ent pri e , it i reported that large quan
jties of low-grade material are r ady to be mined 
hen higher pric or improvements in m tallurgy hall 
~ake it profitable to treat th m. The following 
rrmarks will be confined to promi ing ground awaiting 
levelopment and ground hown by developm nt to be 
···comaging. 
The discovery of the large or hoot that had replaced 
lime ton inclu ion in Whi c porphyry in the Moyer 

:tine ugg ts that a earch for oth r replaced inclu ions 
iould be worth while. They ~;hould be xpected where 
~e Blue limestone b low the "White porphyry is abnor
mally thin. Th plitting of the Blue limestone into 
~e~eral lab inclo ed in White porphyry at Fryer Ifill, 
!he mall aggregate thicknes of the lab , and the 
~encral la k of information on th underlying rocks 
rti e the que tion wh th r th uppermo t part of the 
Blue lime tone ha b n eroded r wheth r additional 
~ncl u ion of it, po ibly min ralized r main to be 
!ouncl. Th pre n or ab ence of such inclu ions can 
be detcrmin d only by tudy of g ologic sections and 
mine r cord , v rifi d by drillincr. 
A more promi ina- field of carch i the pro pecting 

of lim ton along r ver e fault , particularly in the 
areas b two n th Tu on min and Iron fault in Iron 
Hill and b tween th Iron fault and the Wolftone and 
Greenback mines in arbonate Hill. orne haft , 
inducling th ew Pyr n e , Exp riment, and i y of 
Pari, have been unkin th etwo ar as' ithout pen
trating th Whit porphyry. Th umbcrlnnd pa ed 
!rom White porphyry into <>'ranite nt the Mikado fau lt 
and th r fore li b tw en the promi ing part of the 
two ar a . The influ nee of tructure on the o cur
rene of ore in th c area h uld be iini lar to that in 
the min named. pp. 275-276, 2 7- 292.) 

how igns of dying out outh
ord mine, the opportunity for clepo. ition 

of ore at it inter ection with fi sure bel ". the ·fir ' t 
contact' and " cond conta t" hoot may have been 
le s than in the ore! and Tu on mines; nev rthe!E.:" 
if co t of de lopment in the White lim tone arc not 
prohibitive, the ground outhea t of the ord mine is 
worth pro p cting, p cially below th gr at Moyer 
hoot. The revers fault that app a.r.s to parall l the 

Tuc on fault on it "·es t side (p. 72 ) ma ·hold similar 
r elation to ore bodie . ery little i knm n of thi 
fault at present, but it may be feasible to foll w the 
fault to it uppo d inter cction with the northea t
ward-trending fi ur · ben A.th the known ore hoot . 

The continuity of the Moy r hoo with or hoot 
in the Blue lim tone in Rock Hill rai th que tion 
of imilar continuity of any or that may b found in 
the White lim tone. j..Jmo t no work in th White 
lim tone ha been done there, and knowledge of the 
local tructure i deficient; but the fact that th ore 
hoot mined have been comparati ely nfu-row and 

have pinch . d downward sugge that th . olu tion 
that d po ited th m mov-ed southv;qnd alono- the Blu 
lim tone from the vicinity of the Moy r hoot and 
did 'hot enter the White lim tone. Th fact that the 
little work done in th White lim ton in the Oro La 
Plata and tcven mine was unprodu tivc upport 
thi ugg tion. 

In the ar a b tween the Moyer hoot and the mall 
tock of Gray porphyry that contains th Printer Boy 

vein the pr enc of high terrace gra el conceals any 
evid nee of min ralization at th urface, and the deep 
burial of the Blue lim tone has retarded pro pecting. 
Thi area mny be beyond the outhea t end of the 
Tuc on fault, but th pr s nee of ore on both ides of 
it ugo-e t)lat it al o may be mineralized; neverthe
le th tructural ondit1on , though little known, do 
not appear mor favorable here than in the tevens 
min , and pro pecting i lik ly to be expensive and 
very uncertain of ucc 

The continuity of the Tucson-Maid fau lt northwe t 
of the Maid mine ha not been proved, although the 
fault , if it persi t o far , hould be lo to certain of 
the r bodie in the Downtown area, a indicnted in 
Plate 1 and on pao-e 75. If projected farther north
w t ' ard, with due allowance for off ets alono- the 
Pcndery fault zone, it should approa h the Delante 
No . 1 haft ; but explorations through that haft and 
th arleton, e ley, ptune, and Villa hafts, n ar 
by, have failed to find or , and it mu t be inferred 
that no pr min ra1 faults or fis ure in thi vicinity 

323 



324 GEOLOGY A. ·o ORE DEPO IT OF LEADVILLE MINI G DI TRI T, OLOH DO 

were of uffi ient ont inui ty to ervc a or ha.nnels. 
A hown in Fio-ure 10 a drift wa driYen for ncarl~-

2,000 f et from the Dclant N"o. 1 northward to th 
H ofer ~o. 1 haf . and 14 drill hole ,,. •n' , unk in it · 
,- j inity without f1ndino- encouraging ovid nc f min-
ralizMion. Th only uch ev-idence r0por t0d in the 

vicinity i some low-grade mangane oxi !0 or earr.\·
ing 1 to 9 oun c of il cr to th t n found in the Ja on 
hnft and a littl low-o-radc pyrit e found in t.he, ' cqua . 

shaft n.nd in Lh. • t umpf drill hole ncar the Klai n 
mel cr . 'fh whole ru·ca is apt!.\ nnmcd Pov er ty 

Flat, and the limi ts of appr o iabl min r ali zation a. t 
and . uth of it a.p proximatcl_- coinc id with th 
boundaric of the Fryer Hill and ru·b nat aroups of 
ore hoclie~ indicated in Plate 45. 

The limi t. of minabl grou nd w t o( the Tu son
Maid fault co incide rough!. wi th the w t and outh
' e t limi t of th or e bodic. of th aTb nate and 
Iron and Ro k Hill group ho\ n in Plate 45. The 
' tern limit f mineralization in th D o,,·ntown ar a 
ha not been clo ely dctermin d but nll indi catio n 
point to a ar adual d r ea e in quantity and valu e f 
th or e we t of th e Cloud it fa ult. W ork in thi 
direction ha b een gr eatly hindered by exc ive 
amoun of wa cr. The l al rock ar e Ycr · perm -
abl , and the fault has b n cut o a Lo a llow wa.ter 
from the a t ide to fl.ow into the lower ground on 
Lh ' t id e. Exploration ' e t of the loud i y 
faul t h b een confined to period when deep workina 
wa in proar ca t of th fault. haf were th n 
unk to wat.er level, but no attempt wer e made to go 

farth r , a. the co t of pumping for any ingle en ter
pri was prohibitiv . Drill hole wcr put clown w t 
of the fault by the W tern Mining o. in the mor 
westerly workings of the oron aclo, Sixth treet, and 
P enro e mine , bu t the quantity and grad 
f und wcr not very en ouragina and Lh po . ibility 
that the ore-bearing r ock might be eroded ' ithin a 
hort eli tancc to the w t r nd red funhcr deY lop

ment inad vi able. 
T oward the ou th orn e or was found in the Val

entine mine abo ut 400 fe t w t of the loud ity 
( alentine) fault , but none in the Home Exten ion 
min , n ar by. The .A. V. mine, 00 feet farther outh, 
procluc cl ~orne mangan e ore for a hort time during 
the World W ar. The M aple tr et haft west of the 
Valentine, pa sed through near]y 500 feet of " wah " 
o.nd ' lake b ed "and 50 feet of White porphyr y, r each
ing the top of the Blue lime. ton at a depth of 54 
fe .t . A 5-foot thiclme. of iron oxide with very low 
content of ilver or lead wa ut there, but it proved 
to b e eli continuous, anrl thi r e ult, together with the 
difficulty of handling the water , di cour·aged further 
pro pecting. In . hort, the available evidence, though 
cattercd all points to the dying out of mineralization 

we tward and to the improbability that there are any 
ore bodi we t of the Cloud City fault of sufficiently 

hio-h O'rad to ju t if th high o t of 
them. 

nl~r n f w ore h di ha vc b 
ern port of Carbona 1l ill n.nd non hav been fou 
"'Outh of nlifomin. Gulch and \\'e t of th Iron fault 
a lLhouah th s nrcas h~nTc b <'n ·on. id crably p . 
p ctccL ln sou thcrn 'a.rb onn tc I 1 i 11 ext n. ivc <'xplor 
t ion of the Blu e limes tone .hn been co nduc t d throua 
the T oledo AYCnu<' M1)(lc.· t ir l and Ca li fornia Gulr 
hnft without lindincr any hng or e h die.·, though 
mnll one wa found in t h Mole t Girl. inoth 
m all ore bod)· wa. f und in J 94 in the The pis 

mmc, hut wi th thi exception the min wa d void c 
mincmljzation. T t h north n larg or body w 
found in the Evelyn min e a L th e ond or -ra .~- por. e 
ph)T.\' ontact, n.nd i ma ha-.; connect d with th 
large or ·hoot · of the Wolf tone and a. tl 
but no map of the Ev lyn and 
hav be n a.Ya.i lable, 

In th Tol lo '"enu mine the u ual "contac 
rn a tor " be w n Whi e porph rry nncl Bl u lim tone 
wa found , but no or . Th Ro Emm tt haft, ou b 
of th The pian wh n examined in 1901 wn 7 0 fee 
d cp and had pen trated the fiJ t and econd contac 
of the Blu lime ton , t.nrl drift on th 475-foot len! 
extend cl a long h first contact for 17 fe t ''' tward, ' 
190 feet outhwar l, un l 415 f et northward, but no 1 

ore wa found. A cording o Emmon ,I the Pro pee 
in line and th Ro ebud and Deadbrok tunnels on 

. the north ide of California Gulch, and the Jordan and 
wamp ng 1 t unnels, on th uth id , followed the l1 

" fir t conta t" and expo. d " onta t matt r ' but no 
valuable or bodie . 

The near t ore to the ea t i. the hoot in the 
atelli te and tar of th We t mine , which i a 

down-faulted ontinuation of th orth Iron ort 
h ot. To th outh of th or bo li in th Reinderr 

and Be ie Wilgus haft i a we ward down-faulted 
continuation of th hoot work d throuo-h the Dome 
incline and th e R ock No. 1 and o. 2 haft . Be wren 
t he t wo d wn-fault d re bodic xt n i ,· xp\(1-
ration have b en conduct d we t of th Ir n fault. 
through th Li ttle D elawar , H op , Zulu Kina, om· 
m rcial Drummer o. 2, witzerland, I a'vke , Moffal, 
Coon alley, Ontario, and McK on haft . . mall 
amount of ore wa found in th H op gr und , just 
outhea t of th e Littl Delaware, but no oth r note

worthy eli coveri were made. Ei ther the outhwest· 
ward- trending ore channels or fi ure of the lron Hill 
group, except th two noted abov , di ed out to the 
ea t of his ground, or the olution clepo itccl their 
m tal before r eaching it. To th outh the Blue 
lim tone ha been largely remo eel by preglacial 
ro 100. 

The great group of or bodie that spread from 
the Tucson-Maid fault zone m Carbonate Hill is 

• U. S. Oeol. Sur vey Mon. 12, p. 412, 1!386. 



E RE ERVES 

~;nown to be conn cted in some place with the Fry r 
!Iill group, and the old working ben a h tray Hor c 
Ridge, were they now acce siblc, would probably up-
pl.r e,idence ~f other c?nnection . A tftt d on pag 
~o,, ore-formmg olut10n may hft\ t rav led north
\fard along the bedding from Carbonate Hill to Fryer 
Hill nltho11gh there i some rca on for u pccting a 
local deep- cated urce of the ore at Fr~'er Hill and 
Eat Fryer Hill. ro large mineraliz d fi sure hav 
been found th ro, however, and th meager amount 
of exploration in the White limeston has b en very 
d··app0inting. \ny undi covered local trunk chan
nel were evidently not eriou ly ob tructed by the 
Parting quartzite, and tho olution r ached the Blue 
limestone befor b ing impounded and for ed to de
posit their metal . There ha been le exploration 
of the White lim tone at Fryer Hill than at Ea. t 
Frrcr Hill , and th availabl data arc too few to war
J'Il~t a d finit opinion a to tho po iblc presence of 
ore. If th dik in the o ar a are of deep- enLod 
origin and not off ho t of a ill the fis ures along 
which they ro o mfty ha 'c boon reopen d and ervcd 
· ore chann ls , a ugge ted by J. E. purr/ but 

there are no trong indi ation that the White limc
·tooe contain aluabl or bodie . The condition~ 

at Fr er Hill and Ea t Fryer Hill may be imilar to 
tho c at Rock Hill, where continuou though narrow 
ore hoots w r found in tho Blu limr tone but th 
\\lute lime. tone contain little or no or . 

North of Fryer Hill, in th vicinity of Little Evan 
Gulch, there arc outcrops of ilicified limeston , and it 
· reported that onsid rable oxidized ilver ore was 
mined th re.b fore the de line in the pri c of ilver in 
I 93. Thi area was not · tudicd lo ely during the 
r UIT y, and it r main for future tudy to determine 
he factor contr lling th oc urrence of this ore and 
rhether or no it i of commercial valu below the 
zone of oxiclati n. Farth r north the R e illo mine, 
on anterbury Hill i aid t have produc d ilv r 
or in th arly day , but exploration of thi mine 
in 1924 nnd of h Minn apoli min in 1926 tlwougb 
the nnt rbur Hill tunnel wa a di~appointment. A 
low-grad r b ely wa ut by th tunnel 2,700 feet 
from the por al in 192 . 

Ea t of tho arbom1te Hill ()'roup th r may hav 
been a 1 al trunk hann l in the icinity f the Ad -
!aide mine, but th almo t to allA.ck of data ream·ding 
min in the delaidc ()'roup in pit of th lm·a 
amount of ' ork d n , make it ur a[ to offer any 
ugge t ion for furth r de clopm nts. North of the 
ldclaid gr up and ea t of tho Frnr Hill group x
ploration in the ank e Hill ar a hav be n di ap
pointing. 

The delaide and Iron Hill group are bounded on 
tho t by a stocklik of pyritic porphyry, in 

which small ,-ein may be found · but th amount of 
unproductive work already don ho"·' that th 
chance o[ succ . in pro pecting ar relatively small. 
Only the emiched par of th veins nr likely to b 
of ommercial value and the zone of oxi lation and 
ulphide enrichment arc hallo\ er 11 r than el wh. r 

in the ddriet. The onl limo ton inclu. ion found· 
within thi porphyry ha b en r place l by ilicftte 
and magnetite, and th pro::spe t of finding deno. it 
of commercial •aluc in them ftre mall. 

Ea t of thi tock the much fault d and fi .. ured 
Ibex area ha b en int n i>cly but hu far not rx
hau iv ly explored. truetural ondition n rt.h of 
the Ibex No. 4 vein and w t of the Little in nit' shfLft 
are favorable f r tho prescn e of ev ral mall Y('ins 
and connected blanket of ili ou or imilar to tho 
mined in the olden Eagle mine. Th jun ion of 
u h •eins if pre. ent and tho olornclo Prin 

fault hould be favorabl pla c for or . It i a uri us 
fa that the olorado Prince fault ha thu fftr bren 
cut only wher it wall arc ili e u ro k and the 
mo favorabl ground-lim tone at the junction f 
th fault with miueralized fi urc of nortlnvl\rcl trend 
ha not been touched, so far a avail abl record 
The junction o[ th Blu lim tone and th 
Prin c fault ha been ntirely remov d by ero ion 
although th blanket ore bo li in th Littl Jonny 
minearenotfarfromit formerpo iti n. The junction 
of the Whit limesto ne and th C londo Prince fault 
i al o rcmov d neu· the Modoc vein and n nr th 
We ton fault, but it i w ll worth pro pe ting in thCl 
intorv ning ground . 

The p ibl continuation of th olorado Prine 
fault we t of the n ton fault , m ntione l on pag 76, 
an b determined only by ystematic drillin<Y, a 
truct ·al \-idenc i concealed by porphyr, and gla
ial d6bri . If it continua Lion i tabli heel , it jun -

tions with veins utting th limestone hould b 
favorable location for or . The littl information 
a ailable about the Great Hope and neighboring prop
crti on the lope "outh of E•ans ill indicate that 
thi area ha received 1 attention than it d en' 
hu·gely becau e of th hallow water l vel. The fis-
ur through which ore in thi area wa introduced 
hould con inue northward a far a the suggested con

tinuation of the olorado Prince fault. lthough 
th Ne tructural r lations are promi ing he or hori
zons are beneath E ans Gulch whore ground water is 
doubtl abundant and the zone of oxidation hallow, 
owing to its partial remo al by glacial oro. ion. The 
proportion of enriched ore may therefore be r lativcly 
mall, and it i a qu tion whether or not the grade of 

tho primary or may be encouraging. The in erpre
tation of concealed g ologic structure commend thi 
area for consid ration, and it remains for ystematic 
drilling to determine whe her further development 

• 
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work i ju tified. If plan to driv t.h ant rbur 
Hill tunn 1 in o thi area are realiz ed, the drainag 
probl ms may b larg 1 sol d. 

Fur her ontinua ion of the olorado Prince fault 
would brinu it near th Mammoth Placer haft, whi h 
i aid to hav cut om Jo, -grade or are ult whi h 
'encolU'ag n th h p that favorabl condition imiJar 
to tho c ju t considered may cxi t there also ; but n. 
fault of the ize and character of he olorado Prin 
fault an not p rsi t indefinitely, and not mu hint r-

t in thi vicinity i ju tifi d until favorable r ult 
ha c be n obtained from pro pecting at Evansvill . 

nother block o£ ground where structural conditions 
app ar favorabl for th pr nee of ore i that outh 
of the 1odoc vein and a~ t of the Garbutt in, ' h r 
faulting ha carried the Blue lime ton below the level 
that hav been productive in the Ibex mine. The 
po ition of th lim tone an not b accurn.tely alcu
lated, owing to imp rfect knowledge of the local tru -
ture and to th indefinite thi kn s of the O"'i m:lying 
Weber ( ~) f rmation an l porphyry ill ; pre umably, 
however it could be located by tematic drilling 
from the urface or by drifting to the east of the Gar
butt ~ein. Thi ground i pre umably mo t fi ured 
and therefore mo t mineralized near i northw t cor
ner, ju t beyond whi h a number of veins hav b n 
found in the Ibex mine, as hown in Plate 57. The 
rock at the urface her are considerably ilicificd, 
and it would not be urpri ing if or bodi wer found 
replacing the limeston for orne di tancc e t of the 
Garb.utt vein. 

The mineralizaLion at the urface continu outh-
ward and outhea tward b yond the unday v in, and 
it i reasonable to cxp c.t oth r vflins b tween the Gar-

bu t and unday vein , but truetural details h 
been o ob cur d by " " ash" that th '>ein if p are 

' resen1 
can b found only .by v ;·t cl? e tudy of the debris' 
follow db tren hmg. lh lnncston in the,··.' 

. _ . • ICIJUt; 
of the unday vem arc deeply bun d, probably belo~ 
th 1 v l of th. Yak tunnel,. and pr pecting of them 

anl. be xpens1 v . 

. o.rth _ t [ th olor.ado Prin . fault there may be 
addlLLOnal blank -t d po. _' branch1~a from thewestas 
w 11 a from th a t 1d f Lh umi c-Luema v · . . • em· 
buL prop ctmg, p CJally on th we t ide, i lal'9 j' 
a hit-or-mi und rtaking. Extcr ·ions of the bla~~ y 
or b die in Blue lim t n rna xi t , and other i~. 
ilar b di may b found b tw n Lho howu on Plate 
45; but h r as lsewh r in th di trict ore hoo of 
" hich th r i no re ord rnn.y have b en exhau ted in 
the early da. . 

Th northcrnmo t w rkings in th Winnic-Lucma 
<'in indicat tha.t th lirni t of or d p iLion hn.s been 

1 r ea hed and that onl l w-grad ja p roid i likelY to 
I • 

b found farth r nor h. Th low grad of the ore in the 
Diamond mine, togoth r ' ith th incrca ing depthol 
the Blue lime tone, toward th nor the t ()'iv lit le 
en oura()' mont for d v lopm nt any farther in that 
dir ction. 

o y tern a tic tudy of Lh terri Lory beyond the 
limit of th Lad ill disLrict ha· b cn madeduring 
the r ~ urvey. Thi t rritory in lude a few mines thai 
have b n notabl pr ducer but ar handicapped by 
lack of transportation fa illLi . o appraisal of this 
outl ·in()' t rritory can be made h ro, but it is hoped 
that the information pr en t d in thi r port will em 
a a ba i for mor extended Ludi . by those who are 
inter<' t d. 
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ARGALl,, G. 0., R cent d v lopment on Iron Hill , Leadville, 
olo.: Eng. and Min. Jour., ol. 9, pp. 261-266, 

1910. ont nd that (1) the mineral contents of even 
the lim tone depo it arc o diver ified that no one 
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--- The g ne is of the Leadville ore deposits: Am. I nst. 
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bonate to date, with speculations a to why they were 
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·-- Pre ent vi ws of g ne is of L arlvillc lim tone or s: 

Eng.and;\1in.Jour.,vol. 5 pp.l04-105,l Oc. Di -
cu se di tribution of ore, immediate sourc of metal', 
fi sure hypothesis, ultimate source of metal . 

and BARKEn, F. L., tructural geology nt Leadville: 
t.line and ?\linernl - vol. 2 , pp. 334-335, 190 . om
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ount.y, lo.: Am. In t. :\lin . Eng. Trans., vol. 45, 

pp. 239-250, 1914; .\lin. Worl l, ,·ol. 3 , pp. 17- 1 , 
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PRODU TION FROM DIFFERENT LA E OF ORE, 1895- 191 2 

. TOTE.- After th i · paper wa in page proof the following tabl compil ct from h annual r vi w clition · of the Leadville 
H erald-Democrat. was rcc iv d fr m Mr. . I· . Hcndcrs n. I i gi en l uppl menl fr m 1 Or l 190 lh other table in this 
r port (pp. 126- 133) and to compar from 1909 to 1912 th G v rnm nt' cxa ling tabulation and lh ll cralcl-'1 rnocrat' hast· 
ily coli cted N cw Y car'. tabulation. Thi · com pari on how that the H rald-D m crnt': fTort · tu ' of much merit, and for that 
r a on it figure for 1 95 - 190 are con idered a ' 'alunbl contribution to this r pori. 

Leacu•ille Herald-Democrat classification of L eadt•ille ore, I 9ii 191 2, in hart ton· 

Year 

95 -----------------------96a ____________ _______ ___ _ 
1 97a _____ ___________ ___ ___ _ 

1 9 ----------- ---- - -------
1 99 - - - - -- . - - - -- -- - - - -- - - - -
1900 ---------------- ------ -

1901 -----------------------1 1902 ------ ----- - -----------1903a _____________________ _ _ 

1904 -----------------------
1905 ------ -- ~--- ---- . -- .. -- -
1906 ------------ ---- -------
1907 -------- - --------------
190 ----------------·------
1909 --- -- -------- --- -- -- ---
1910 ---- -------------------
1911 ----------------- - -----
1912 ---------------------- -

Lead carbonate 

70, 429 
60,000 
70,000 

2, 650 
32,050 

102, 761 
27,4 3 
22, 930 
20,000 
56, 109 

6, 174 
102, 412 

39,617 
33, 127 
29, 11 
14, 369 
10, 950 
1 ' 194 

tron-sil\'cr oxide 
nnd iron-manga
ne c-silver oxide 

6, 243 
50,000 

100,000 
150,9 0 
123, 7 7 
231, 144 
256, 153 1 
2 5,-!94 
210, 000 
147, 953 
127, 170 
163, 760 
123,443 
117,423 

1, 360 
73, 745 
26,770 
94, 979 

ulphlde 

116, 975 
uo, ooa 
200,000 
206. 555 
23 '514 
297, 421 
33 '041 
2 1, 55 
300, 00 
339, 745 
297, 09 
276, 109 
233, 4 2 
162. 1 
30 '604 
273, 29 

I 197, 955 
127, 34 

, iliceous I Zinc sulph id • Zinc carbonate 

57 , 2 6 

========== == ============' 
60. 000 

0, 000 - -- --- ---- -----------
60, 170 ------- ------------ ----

105, 025 - ----- -- ---7 19 ---- -----
94: 0w1 ----------72, 215 - ----------0 000 ------------

'66 - -- -- ------
154, 370 ------------107, 75 I 

------------1Hl, 023 ------------92, 1 7 --- ----- ---, 32, 192 
34,00 10,135 
41 , 75 I 79,475 
25, 049 160, 779 

Total 

330, 933 
2 ,000 
430,000 
500, 355 
510, 066 
7i0,l71 
7 '959 
747, 96 
770,000 
737, 1i5 

25, 370 
7 ' 721 

651, - 0 
475, 122 
540 512 
4 '6!)1 
439, i 
465, 454 

1------1------,------------ ------ ----------
79, 000 2,450,404 4, 300, 719 1 1, 302, 70 1, 331 2 250,3 10, 5 I, 336 

• IntPrpol te:l by C t.arles \\" . !lender on. 
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PPE Dl .- il l 1" G CL IM I I L KE CO '1 TY 

In Lcadvill a in th r mining di . tricts min e h ave 
hanged hand from time to time. Old ompanie 
~a l' e been r eorga nized under new name or con oli-
Mcd and operated by n w co mpani N ew mine 
hare b en open d , nn L old mine have been aban
doned and r lo atcd. The name of patented claim. 
snd t.hcir urvey numb 1 , howcv r , do not change 
and even the name. of unpatented 'but productive 
dsim ar likely to b p ermanent. Ali t of mining 
~mpani c , therefor , mu t be ubject to frequen t r e
;'-ion wh rca a li of claim nam nccompanicd by 
:uf'\CY and entry number an L cl crip tion of 1 cation 
~of permnnent valu e, c- p cially in an old di trict lik 
[tnd•illc. 

The accompanying li compiled from r cord in 
ilie urvcyor acn r al s offi c at D env er, i in two part , 
he first nrranO' d alphab ically and th second by 
;urrey number . It inclucl laim . urveycd for 
rsten.t n late a ,July 15, 192 ~ not onlyin the Lead
rille (California) eli t ri t but in the following mall 

neighboring eli trict : Alican c. Bird Eye, Buckeye, 
Chalk Ranch, Dcwe~-, Empire Gulch, Enali h Gul h, 
Fren h Gulch, Granite HaJf Moon, H ome take, Hope, 
Independence, Lackawanna, Lake Creek, Mo quito, 
R ed Mountain, t. K evin, ugar LoaJ, Tenmile Creek, 
Tennc ee Park, Thomp on Gulch Twin Lake , Two 
Bit Gul h nion Gulch, and Willow re k. The 
laim within the area cover d by d tailed geologic 
tucly are hown n Plate 13. early all of the e, a, 

\Y ell a the claim immediately to the north a t and 
outh of th m, are hown on a map publi heel b~- . F. 
aunders in 1901. 
In the li t of mining claim~ the followina abbr v i

ations are u eel : a ., lode; am., amended; b. , mill ite· 
l. ubd. leaal ubdivi ~ ion. Ab en of a mineral 
entry number means that the land ,,.a not bought 
from the Governm nt , therefor there wa no patent. 

!aim that form a group are li ted under their resp c.: 
t i"V e name . To ave pa c, locations are gi>en in the 
form 19- - 7 , ' m eaning ec. 19. T . ., R. 7 W. 

Alphabetic list of mining claims in Lake County, olo. 

t •mbr 1 2:l~l J AnnioctnL- --·· ··---- ---- ·-··---- .. -- ·-- -··-· 6173 Ball :o-rountntn----··----·· ---- ··--·--------- .:nam. 
J' nte ll B('('r ·· -·- ··- ······- ·-·-···- -·· ·--- g1 Ann ie o., Ori!l1n Ko. 2, and ll il er ··- -·- · · · ---- 19 ~ Unllarat pincer--------··· · ·--·-·-·-·--------· I. subd. 

t :j~~]{,t,~-;\~:i~~-~liil~;~;J} '~ ~ !l!tl~~Ji:"L!!!! !!!i!~i!!!!ij!~!i!!!il!! :~~~~~~~f]m~~~~•L;!!!!l!)ij!33111i!!!i'j ~l; 
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Alphabet,ic list of mining claim· in Lake oun/,y, Colo,- ntinued 

S:J n ·oy o. 
Banner--- -- ------- ____ ------- -- ---.. . ....... .. . 39 
Danner. ••• --- -- ------------- --------------- -- -- I I 41 nann r et n\. ____ ___ ____ ____ ____________________ 9422 

Bnrrium ---- ------------- -------- --------- --- - 445\1 
Bartlett et aL .•••••• ------ ------- ------ - ------ - 1 67 
Basin ____ •.•• __ • ___ •• ____ .•••.••.•••. -- - .----- - 7620 
Bats pincer. ••.. ----- --- -------------------- l. suhd . 
Dayswater et aL .- ---------------------- -- ----- 4~~ 
Bat:><> ____ - --.- -- - .•.••••• ------- . .•• -.------- --
Beecher -------- .••. ------ ------·------- -- -- . ... 1460 
Beech et nL •• -- ------ --- ------------ ----------- 6210 
Belcher ---------------- ------ ------- ---- ------ - 256 

~~lfi_a_~:::: ::::::::::::::::::::::::: ::::: ::~: :: : 
Bell~ ..•• •.• • .• . ••... ---- --------------- --------
Bel)(l Ornnt. .••. ••• •. •• ---- -------------------
Delle or Colorado •. .. ... •....••..•••• ----------
Delle or Colorad o ' o. 2 . . -------------- -------
Delle or Granite •••. ----------------- -- --- --- --
Delle or Ornnito mi ll site.--------------- - ---- -- I 0 
Belle or KentuckY---------- --- ----------------- 2 6 
Delle or the West. •. .••• •.•.••......•....•• •. ... 1251 
Delle of the Wet et aL •• -------- ----- --------- SH S 
Delle placer. .•• ... ... .. ---- ---- --- ---------- 2<7 
Delle Vermont •.•• ••• .•... ---- ---- •...•••••••.. 
Ben Burb •...•••• --- - ---- ---------------- ------

~~~f:~·f~~~~ ~~ -~: :::::::::::: :::::::::::::::::: 
Benjamin Frnnklin •••••.. ... •..•.••• _ .•• ----- - -
Benjamin Franklin •..• ______ .. ••••....••.•.•. __ 
Benson et nl --- - --------- ----------- - --- - ---- --
Dcrdcll & Witherell placer ------------------- - --
Berlin et ai. ..•. ... ------ ---------- - ---- - -- -- -- 
Rerlin et ai ...... •... ..•. ..• . --------- ---------
Bertbn .•..••..•••••. -.. ------- ---------- •••• --- -
Bertha et nL •... . .. , •••••••. ___ ------------ . .•.• 
Bertha et nL ..... .•.... ----- - •...•••. _ ---.---- -. 
Beryl et aL ......... ----------------- -- --- --- --- 9353 
Doss ... ______ -------. _________ ..•. .. •... _ •• • ____ 4460 
D ie -------- ---- ------------ ------------- ----- 3099 
D · ie ----- -- -- --- -- -- ----------------- --- -- ---- ~ 134 
Bessie JJ . nod Brother (2) •... ----------------- 19365 
Bessie toward- ----- ----------- ------- ------- -- 4229 
B ie Wilgus ..... -- ---------------------------- 191 
Best Hope ... . •...••. •••.• ·--- -- ------- - ---- ---- 2745 Beulah eta! __ __________________________________ 10844 

nevi --- --- -- ------ - - ----------------------- --- - 46 
Big •• •. ------------- --- - --- ..•. ---- ...••. •. ----- 3 4 
Big hieL- --------- - -------------- ---- ------- sam. 
Big Chief et al ---------------- ----- --- -- -- -- - -- 12176 

~l~ ~~~~!te;r:: : ::::::::::::::::::::::::::::::: ~~~; 
Big Jim et aL ••. .•. ---------------------- -- ----- 172~ 
Big Johnnie et aL ·--- -- -------------- -------- - . 15743 
Big Minnesota ........... .. ..... ..... ..... . ...... II 
Big Mis~ouri ---- ----------- -- -- ---------------- 9292 
Di~ Six- ---- --- ----------------·------------- 1616nm . 
Bill e t aL. -- - -- - •. ______ . -------------. -- --..... 9995 
Billy tevens ..•... . .. --------------- ---- •. ----- 3008 
Bill ykes •••. ----- -- --------------------- . . ... . 3100 
Bi- 1etallicet al .. .. ••••..... . •.•.••••.....••.•• 6464 
Bi-M etallic et al ------------ ----------------- -- 9939 
Birdella et al ..•• ------------------------- ---- -- 7 99 
Bird ie C •..••. --- .•• •...• ---- ------ ---------- -- - 9510 
Birdie IL .••. ••...• •••• . • ....• . ... •••• ••. ---- -- - 4567 
Bird ie 'l'rimble. ..... .. ... . ..... . ............... 71 
Birds Eye et al __ __ •.•.....•... ________ •• __ -- --- 13427 
Birds Nest- ----- ------······- --- ------ --- ------ 2537 
Birthday--- --- ------- ------- . .••.•.• ----------- 1473 
Bismark ..... ---------------------------------.... 74 
Bismark et al ----------------------------------- 14514 Black ...... . __ ••• ---------- - ___________ _______ .. _ 9! 7 
11l8Ck CoL.. ........... . ................... ---·-··. 14\14 
Black Cloud --- ------------------------------ - -- 003 
Black Clourl __________________ ---------------- -- 6162 
Black Diamond --------------- ----------------- 2896 
Blackhawk ------ .... ---- ---- ____ --------------- 7 
Black Hawk -----------_------------ _______ ____ _ 
Bla rk Iron _____________ ------------------ _____ _ 
Black Prince.----------------------- - ___ .•. __ •• 
Black wan eta! ... ~-- ------------------------Blanchet aL ________ __________________________ _ 

Blanche ---- ---_-------------- .•• ·-------- ...... . 
Blanche ......... ______ ---------- - - __ _ -------------
Blanche et aL ---------------------- .. . •• ----- -
BiaDl·be Morris et aL ••......... --------- -- -.... 9177 
Bland et aL ............... ------·-·· -------- ---- 16454 
Blind Tom .. ______ .------.-----------------. . . 791 
Dloomin~ton ------- _ ------- .. •... __ ••••. ___ .. __ 1596 
Blue Belle et aL •.•.••••.••.••.. . ...• ..• .•.• •..• 11121 
Blue Bird .• .•. .••...••. --------------- - -- --- --- 480 
Blue Bird ______________ .•••••.... -- •. ____ .. ___ _ 332.'\ 
Blue Bird et aL .. . ••.•...•••••...•........••• • 16708 
Blue Jay etaL ••...••••.... ------ ----------- --- 5MO 
Blue Mountain .----------------------- --- ---- -- 2666 
Blue Ribbon eta!. •.. .•.....••... .... --- ----- --- 5405 Blue R ibbon etaL _____ _____ __ _____ ____ _____ ___ 1044 
Bo -- - --- ----------- ---- -- -- __ ------ --- ---- -- - -- 14079 
Boa ---------------------------------- ---------- 14268 
Board or 'l'rade et aL .......... •••.••.. .. .••... 12167 
Board or Trade et aL ... . . ------- --- -------- ---- 13002 
Bob In ersol. ...•...••. -------------------- ---- 3155 
Bob lnge~ollet aL ---------------- ------------ 11622 
Bob heppard e.t aL .- -------------------------- 5740 
Bohen ••. --- --- - .••• ____ .. _ .••• -----. _____ .•.••• 11'64 
Bobn & r.ane et al - -------- -- ----- -- ------ ---- 13840 
Bonanza -- - --- - --- - -- -- ---- ---- ---------- ---- -- 1 
Bonanza •..• -------------------------------- lOSJl am. 
Bonnie BelL--- ----- - --------~--------- - ....••.. 16193 
Bonnie Kate. __ •.•• ---------------- ------ ------ G88 
Bon '!'on . •. ---- ---------- --- -- - ---------------- 4949 
Boo ton et al. ..••..•.•...••••.. . ..••• .....•..... 17089 

• 

llrV y O. 

Bonus __ ••.•• ----- •• ------------- ..•.••••••• 1089 nm . 
nos ----- --- ··----- ------- --------------------- 40.> 
Bottcher No.2 . ••..•• -------------------------- 994 
Bou ld r ·····-----------····--------···- ·· ·--··· GU•I 
Boulder -------------------------------- ---- ____ 40ll3 
Boulder ity •.••••••••. ___ • -- --- ••• • ••• •. .• •••• 287 1 
DouldM Nest ' o . 2. -- ------- -- ---- - ---------- -- :1574 
Boulder lido et aL ......•.....••...•••.•.••.•• 7 14~ 

Boutwell .•• --------- --- ------------------- - .. -- 176 
Dow .••...•• -------- __ .•.•...•••. •....•.•..••••• I 17ii 
Bowron et aL ----------------- ·· --------------- 10267 
Boyd . ..•• ••.••. .. --------- -----------------... . 2960 
Bradford Delle . ___ ...• ••• --------------------- - 5170 
Bradshnw •••. •. --- --------- --- ----- --- -.... ..... I 7M 
Brian Banw ..•••.•..••....••••••••••• • -------- 564 
Brick Pomeroy _ . ••••••• •• •• -------------------- 420 
Bright Days et. aL .•••.. •...••• ---------------- 9294 
Brink lark et aL................................ 57R6 

R~~~~~"~:~:=--~-.-.-_:·:.~::·.::·.-.-_:-.-.-_-_-_-_-_-_-_-_~-.--~--1,19 14 1 
Droncho et aL ••.•• ••••.... _. ------- .••...• _ •••• 71\J7 
Brookland· -------------------------- .• •... .. 536 nm. 
Drown _ ••• __ . . .......... ------------ --- -- ..... __ . 4426 
Brown ------- ----------··--------·------------- 05 J 
Brown Qlacer ........ ---- ----- .. _. __ . -- ----- J 177 1 am. 
Drown Quoou ------------------·--------------- 1909 

~~r,:~t0~t!c::::::.::~::::::.::::::: : :::::::: 1 32~~ 
~~~~=~: ::::::::::::::::::::::::::::::::::::::: ~~ 
Buckeye Dolle ....... .... . .. ...... ........ ........ 3697 
Buckeye tate ............. --------------------- 3603 
Buckskin et nL •.•••• ---------------------- .••. 7572 
Budweiser------------ -- . •...•.•. --------------- 47 
Buelo ot al ------------ ·------------------------ 7314 
Dutlnlo et nl. .. . .... •.•••. •• . ------------------- 7306 
Butlalo 0 irl -- --------------------------------- 2364 
Bug et al . .............. . . . ...... ---- •..• -- ------ 13716 

~~W~o!i :: :::::::::::::·::::::::::: :. :::::::::: : 
Bulldozer ..••.•. -----------------------------· 22 
Bullion ... ------------------- .. ... .. -------- . .• _ : 7 
Bullion ••...•.•.. ••• . -- ------ .••.. ------ ••. • • ••• 7210 
Bulls Eye ------------------------·------------- 232 
Bully or the Wooos. ... ........ ..... ........ .•. 546 
Duncomhe -------- --- -- ----- _ ------------------ 4 
Bunker Bill ot al. •.. ···· ··-------------------- - 1, 17 
Burkey_ ... -------------------------------._.... 3913 
Burl ington et &! •• ••••• ••.•••• •••• , ••••••••••••• !OJ 
Burn ice •••• ____ ••. ••••. ____ •.. ___ . _ •. ------ •••. 15040 
Bur ton placer. .................... --- __ ___ ••.• I. subd. 
Bush------ ·-- --- -- -- ---- ----------- ---------- -- 123 
Bu tcher Boy -- -------------- ------------------- J 1 9 
Butcher Boy-------------------------------- --- 4176 
Dutter[]y et al.. .......... .. ............. ..... ____ 172 

. • S. et aL ... ------------------------------ -- 14677 
.. ' " et aL ...................................... 11052 

. 11. . et al. (4l - ---- --- -- - ------- ------- ------ 10139 

. l. 'l'homson .... •••..•.. . ••••••.....•.. •••••. 4 7 

. K. ct aL .... -------------------------------- 11715 

. ~1. fraction . .. ...•..... ••.•• ••••••••••. ••••• • 11501 
C .. placer •••••...•....... .. •.••....•.•...•• I. ·u bd. c. ·r. L ________ ________________________________ 12713 
C. w. et nl. ______ ·----------------------------- 16169 
Cable •.• ----- .... . --- - ... ------- ..••••••.•.•.... 16245 

ache et al. ....... ..... ...... ................... 4 
CaleJonia -------- . ..••.. _____ .• •• •• • • ••. ••••••• 1377 
California -- ------ ••••. ___ .. . . • •• • ... . • •••••.••• 4 

alirornia ••. ___ __ ••• __ --- ------ •. _. __ __ .•.• . .•• 16965 
ali[ornia Oulcb ........................ •••• •••. 1086 

§~~~~r;g~;:~~~~~~~~;~~~~=~~~ ~~~~~~~~~~~~~~~~ ~~~ 
Camp Bini. o. I et al. ............. ·- ---------- 15439 Camp Bird No.3 et at.. ________________________ 15140 

s~~~ij!-~ :i~ ~~ :~~~ :::::: ~~ ~~ ::::: = ~ ~ :::::: =~== mH 
spital placer. .•••. -------- ____ •. __ ••••.• •.•••• 977 

r:~l ~~l -er: ai::::::::: ::::::::::::::::::::::::::: ~~ 

~~~~"') lllllllll lj -))\)j~~!l))~!!i! i :!ll~~:i~,;~::~ ::: ~ ~~~ ~ :~ : : t 
Carleton ........... . .... ...... . ....... .. .. . ..... . 3 97 I Collin Cnmphell No.2 .... .............. . .. .... . 
garleton et aL ------- ------------------- · ----- - 9301 Colonel Dugga n •..••.•. ____ .................... 1~ 

arlton _______________________________ ______ ____ 1912 1 C'oloncl clltTS-----------------·--------·· ·· ... ~ 
Carondelet . -------- ..• ••. ---------------------- 2716 C'olorado B~lle placer ---------- ---- .... .... .... l<lil 

g:~~-~&_e_r_~~~==~~=~~ =~ ~ ~~~ ~ ~~ ~~~~~ ~~~~~: ~~: .. ::~ ~~~ r~l~~=~~ 13~1'er ~- ~~: :::::::::::::::::::::::::::: 1= 
Came F ..................... .. .... . ... ........... .. 3732 Colorado Oulch placer •.•••••...••.. --· ····"" lUI 

fiS<'oped•a et aL. •.....•. --------------- ------- 9432 C'olorndo 'o. 1 ot aL ......... . ..... ... ......... 1010 

entenn•al_ __________________ ___________ 6760 ommercial Drummer --------------- -- -···"" 1 I 
Centre ......... ..... ------------------ ------- .• _ _ 2925 C'ommet ------ - .--------------- ---- ·-·· ....... . 
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Alphabetic list of mining claims in Lake County, Colo.-Continued 
Survey l\o. 

~~J~~ ~:::::: :::: :::\ ::~~ \\\ :~~: : '~ 
~!!1\l t ock c t nl. (8) •.••. • .....•..•.•. ... ....... 1804 fi 
(6llSIOCk No. 1 ••••••••••••• ••• •• • ••• ••• ••••• • 425 
~tock o. 1 ct al. (') •• .• .••••....•.••••••• 192l 

~:nar;icii: :::::::::::: ::::::::::::::::::::.::: ~~: 
Cllllfidnnce et nl. (:1 and mill s ite) ......... 1 227 a. b. 

;~!t~~ef ~f-,~~ ~~ :::::::::::::::: ::::::::::: ~ ~~ 01 ~~~ 
r necting Link et a l .......... .... ............ ~405 
r:oection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12o6 
l(l]SOlidatcd Capt. Kirby placer ...... . .... . ... 456~ 
·GOSOlidnted V~rgmJB ...... .. ... . ...... ..... . .. 306t 

[~i~;j·~!(!!ii!i iii! !!!!!!!!!! !!!:: ~~: 
'lllllineotal hi r . .... .... .. ...... ··· ···•· .... 3497 

;:~:~\~ :::::::::::::::::::::::::::::::::::: 1 ]~ 
':vnopolitan et al ............ ... ............. 12 101 
•.,mopolitan et al.. •••... ..............••• ••• •• 16604 

1111~~~L~~e :::::::::::::::::::::::::::::::::::: : ~~~ 
~!6niia :::::::::::: :: :: :::::::::::::::::::::: 1 ~~~ 
:roppy Doy ct al .... ........... ....... .... . •... 17927 
r~et al.. .• •. •.• . ••••• •••. . .•. .••• • • •... 57 6 r m . 
"n~n Point .. .....•..........•... . . . . . ..... 1091 a m. 

n Point............ .... . ... ... ............ 3211 
• wn Point.... .... . ... . ......... ....... . . . ... 5640 
)own Po;nt. ....... ...•..................... .. 12~71i ·I 
·,...n PoinJ tal. . .. .......................... 9 177 
)!ta l Lake placer............. ... .... . ....... 407 
':-umber..... . ...................... .... . ..... 31l0 
)(umber .....••.... . ...... .............. ... 390 am. 
''lil!n.................................... .•. ... 1 21 
l!iey placer............ .. ... . .. . ....... . . .. ... 3.~7 

"man.... . ... . . ..... . . ..... .. . ....... . .. . .. ... 44P 
'lle ~i c place r .•......•..... ....... ... .. .... I. suh<f. 
:!flops.... .. ............................... .. . 15M 
'111 plnre r.. ...... . ........... .... .... .... . .... 14 
irrtogram . . . . . . .. . . . . .. . . . .. . . . . . . .. . . . .. . . . . . 6 0 
D. ~ A. No.5 et al (5) •••• •••••• •• ••••••••••• •• 18975 
D and R. 0. ct nl.... ..... . .. ..•. .. ... . .. . . .... 7572 
D. H. Elder . •...... •. .. .... .. . ........ . .....•.. 2039 
D. O. Moffat. ... ...• . .................... . ..... 4546 
D P. R........................................ 62 

l' ••••••• •••••••••••••••••••••••••••••••• 751 
T •••••• •••••••••••••••••••••• •••• • ••••••••• . 3 
)' ............. ... .................... .... .. 167 

~ ~~: .:.:::::::·::: ::::::::: : :::::::::::::: 5~ 
"i•l O'Connell . •.............. ... . . .... . ...•. 3 141 
to'$ l n f~mo .... .•..... . ..•............•.•. 3413 
oU •••••••••••••••••••••••••••••••••••••• ,\79 
Dllc:• N nl. (2) •••••••••••••••••••••• ••• ••• IP~1~ 

,: ::::::·· .::::::::::::::::::::::::::: :::::: :i26t I 

~ia~·;J:. ~~: ::::::::::: :::·::::::::::~ :::::::: ~ 
~~;~ -·-~~~: ::::::::::::·:::::::: :::.:::::::: g~ 
~on plor r ... . .....•.....•..... ...•.. •.. I. snhd . 

1907 

i~~ . ((_.iiii~i-::.l~l-~(:_-:(i._( ~ 
1 ~~ie ": -~--------~------~-~~----~----~--~~~~--~:~------~ 

9

.~~0 .•~ ian & Is thm lu n ....•...........•..•••.... 1 '4W 
~ .... ••• •• •••••••••••••••• .••• • • 100.1 
. l.a ry pi 1rrr ..•• • •••••••..••• • •••• 2082 am. 

~~~~~- ·· .:-.-.~-------~-- ·-~~ --~~----~~:·.~~~~~--~::·.~~ ]oW 

~~f·:~-~------~-=~-=~~~~~~~~~-~~~~=;=~~~~~-;-~-~~-~-~-:~. *!~ 
~vWnt J!lnror ................................ 1. •u"!_t. 

~~ey.o[ ~c::::: · ::::::::: · :::.:::::::::::: :· i!~2~ 
~ er et at . . ••••.•••. .......... ... . 11421 
~. monel A. e~ nl ........ . . .. ...... ......... ... 1::07tl 
.~mond & ll nrri.<on ...•••.... ................ .~G52 
'mond O.ot ol. . .... ...••.•..•.•.•.••.•.. ... 12079 

DI Survey ' o. E t Sun·ey No. 
Di:~g~~ g. t nl. .. ....................... . . .. ·120~9 rome t......... ..... .......................... 14 
o ·a dE · ct n

1
I ····· ····· ············ · ·· · ·· -- 120t9 Emmet et nl. (3) ••••••••••.•••••• •••••••• •••••• 1 444 

~~:2~~~ t.;f~Ii ~~~~~~~ ~ ~~~~~~ ~ ~~~~~~~~~~~~~~~~ :~~ ~~~~~-~fa~;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
0

!nm nd tate ....•............••. . ... ....•.... 2851 I Ennerda~e et al . •......•.. . ..........•.. .. ... ::· 4728 

. -·- ... ------ ------------------------ ----

2 
4573 
2466 
9234 
4711 
3369 
2050 
4992 
6076 

908 
2911 
&120 
9010 
71 
9371 

405 
Zl2 

am. 
2283 

1.'\507 
30.~2 

I 132 
Q.i 12 

E. P lu mbu nion et al. ......... ......... .... . 12176 Extended Dope ...........•............•. ... .... 11809 
E. R. 11. t al. ...... ............. .... .......... 10844 Extension Ccpper Kin!(.................... .... . 6fi 1 

i~i!h~ :: ~ ~~~~~~ ~ ~ ~ ~~ ~~~ ~ ~ ~~ ~ ~~~~~ ~~~ ~~ ~~ ~ ~~~~ ~ 1 ~ ~~[.~=~~~~~~~~~~ ~~ ~~~ ~ ~~~~~~ ~ ~~~~~~~~~~~~~~~~!: :~~~: 
Eagle Uorn ................... .. ................ 379/l F. X. 0 .. .•...•....••.........•••.•......•....•. 1 112 

~~te£~,~~~t!i<..e-.-::: :::::::: ::::::::::::::::: :: ~!o5 ~::~~e ito'P6 ·::: ::::::::::::::::::::::::::: :::::: 10lli 
Easl on et AI .. .. ... ..... . .. . . . ... . .. .... ........ 11741 Fairmount. ... . ... .. . . . ........ ....... .. ....... QM 
Ea,en ville et a l. ........................•.. 12896 am. Fairplay .......................... .... ... ... .... 597 
Echo... ... .. ... ..... ....... . ......... .. ...... .. 652 Fair Play.... ...... ............................ . 3544 
Echo .. . ......... .. . ........... ...... .... .... ... Fairplay .. ...... ........... ... ...•.. ... ..... . . . 7 1 
Erlip.... .. .. .. ...... ..... .. .... ........ ... . ... . 471 Fairplay et al ....•.•........................... ; 99 
Eclipse ............ ..... . . ..... ...... ........... 2077 Fain·iew .... ... ...... ..................... . .... 430 
Eclipse ............• .•..• ....•.. ..••.•. ...... ... 9530 Fairview ...• ....... .. ... ..... . .... .. . . .. ...... . 32R2 
Eclin c et o l. .. ••....• •............. ...••.•.... 11567 Fairview..................... .. ................ Q743 
Eddieet al. .... .. .. ........... .......... .. . . .... 12071 Fain·i~"· et a l ....... ••• ................ ... . ..... i242 

~~i:;na~i-8i ::::::::::::::::: ::::::: :::::: :: :::: 1mg ~:i~~: ~~~~e!_~~ ~!:::::: ::::::::::::::::::::::::: 1~m 
Edith......... ... .... ............ . ... .... .. ... . 586 Famous eta!. ..... . ... ...... .......... ..... ..... 45M 
Edith .......•.............. .... . ....... .... .... 391\2 Fannie Gnge. ....... ....... .................. .. . 1426 

~g~~ ri~n~&~~~ :: :::::::::::::: : :::::::::::: ==== 343! ~:~~~ :::::::::::::::::: :::::::::::::::::::::::= 3~52 
Edna M . ••••••••••••••••••••••••••••••• . ••••••• 193 14 Fanny R awlings .......... ....... . ..... ........ 461 
F.dnR M . et nl. ....................... ...... ...• 9:\12 Farra!(ut .......... . ... . ........... . .. ....•.. ... 419-1 

1~~~~r~l~ret ai:::: ~ ~ ~ ~ ~-- ~: ~~:: ~:~::::: :~~ ~ ~~-1: 51u1~1i ~!f~:~ :;.'~n~ ':':: ::::::::::::::::::::::::::::: :~~4t 
Eff,, lil!rris............ ...................... ... 752 Favorite et nl ..••.• .•.. ........ ... ..... .•...•.. 10771 

~~~[~~~~ff{~~~fiitttiiiiii~IJiffiftfft~~ff fffl l ~~~~~JL~tl~J~~-~-~))_~_~JJ.~-~-~-~J-~-~-~-~-~~J-~J-~-~~JJ.~]\~~ :~ 
F.lectrlc e1 al.. ..•...•. ... •. . ...••.•. . .....• . .•. 17012 Finland ······························ ·----·. ... 2744 
F.le,·enth fl our et nl. ..•........................ 1 417 Finnis et a l ....................•••.......••.... 5242 
F.liw .......... ... ... .....•.... .. .. . ........ .... 457 First Chance ............ .... .................. . 190 
Fll w .•.•••••.•.. ················ ·· · ·' ··· ·· ···· 5037 First hnnre ...•.•.................. . . .... .. ... 4411 
Elk .... ....... ... .............................. . 16M F irs t 1\aJions l. ......... ....... ............ .. ... 7.S3 
Elk ........ ...•... .. . .•.... ••••........ .. ...... 1 Firs t ·ational. ............ .......... ...... . ... 1277 
Flk e• nl .. ................ . ........... . ... . 9275 Firs t 1\ntionaL..... .. .......................... 1934 
F.ik Horn •.••..••••••• . ... . ••••••••••.•..•...••. 21)73 Fitz llugh ______ .••..•.... . ............. .. ..... . 1207 
Ella ............. . .......... . .. . .. . ...•••.•.•.. 171:\5 F ive Per cut et al •••••••••••••••••••••••••• .• • 1230:" 
Elll Dreier..................................... 177 Fh·e Twenty ........ . ...... . .. ................ 1900 
Flh e t "I. .. •.•. ... . .......•••...•..•...... ... 10389 Fl ll ~t•ta iT ..••... . ............ ..•.••............. 34 
Fllen ...•..••.. ••.•... ..•..•.......... •••.. ..••• 1 Flint. ....• . . ••..... .....••........... ...•...... 3661 

~~~~~ ~~~~~~~==-~~::::::::::::::::~========~~~
2 

;~~ ~bm:~:: : ::::::::~:::::::::::::===~==~~~====~ m 
El Paso .•....... ........ ...•....... .•.. •••••• I 22 Florenre et al. ............. .. .. . ............... . 10345 
~-I s!e Franci. ot a l. ......... ..........•.•.. . ... .. 71 Florence Rus t et al ..•......... .••.. ..••• ....... 6932 
El\' n Elmn.... •...•.. ............••••• .... ... Florida el al... .... . .................. ...... ... . 7314 
Emholile .....••...•.•.... . .•..........•.... . ... 13400 Fluddiu ... .....•.••..••.•.... .. .... . ... ..•..... 2730 
IO: mernl ..••... . ..•... ......... •.....•••••• .•. lifi25 Fonrhon plarer. .. . ... . . . .................. ..... C60 

~~ft~?~<~_e_t :11.:::::::::::::::::::::::::::::::::: IT?~ ~~re .t Q~~~~::.::::::::::::::::::::::: : ::::: : 3C: 
~:mnia. ...... . ........................ ... .... .. . 577 Forest Rose.. ...... ................... .. ....... 1003 
F.mmR.............. .•.... ......••.....•..••••• 626 Forest Roe ..•... . ..... .. ..•..•. ....•..•.•. . 26 2 am. 
Emma . .. ..•.. .... ....•...•.••. . .•. . ...... .. 756 For'eit....................... . ... . ...... ....... . 95 
l<:mma .... •.... ..........................•.•••. 4536 Forrest City.... ............ ... ....... .......... 319 
F:mmn " M~ blc pincer .....•. ......••..•....• 1. subrl . Forrester et nl ... ..•••••••....•. .. .. ....•.•• . .. . 6020 
I<: mnm D .et»l ....•.•............. .........• .. . . 71 FortunA •••........... .••••. ........ . ... . ... •... 2CHI 

~~~~ e~ ~:. ::::::::::::::::::::::::::::: :::·::: ~~~ ~~~:~:':t-ai::::::::: :::::::::::::::::::::::::::: ~~ 
~g~:~~ ~~ ~11 ·:::::::::::::::::: :::::::::::: :. :::: :~~~~ ~~~~~~~~~~;~~'~:=~=~==~:::::::::::::::::::::::: ~~~ 
"mmn ophia t at... ... .............. ......... 4370 Fourth or July..... . ...... ...................... 1023 
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Alphabetic list of mining claims in Lake County, Colo.-- ontinu d 
Sun·or No. Surv<.\Y No. . ~ Ur\'e . 

Fourth or July ____ . ___ --- ---·--- __ ___ ___ ____ · --_ t\490 Oold n Onto • o. 2 ct a!. (3} ---- ---- ____ __ -- ---- 1 013 !InitiO J nne. ------------------------ Y )\r •. 
Fourth or Juiy et aL------·---- --- ---- ------ -- · tt23i Golden Key ot nl. (5l--- ·------- ·--- ·- ------ ---- 1 t97 ll tl ttic K . -- ------------------·--· _-------- ll 

~~~~m~ :i~~~~~~ :;~~~~ ~~~~~~~~~~~~ ~~~~~~ ~ ~~~~ ~ ~ :~~~ ~~~~g ~~\~~~~~~{~ ~~~~ ~ ~~~~~~~~~~~ ~~~~~~~~ ~~~~ !m 1t~i~~ ~{ti;.;;~-~~~~~~~-~~:~-~::~:-=~;-~;-~:::~:-:-~~:~~ :: 
Franconia- ----------------------- -- -----··----- 1147 Ocl<lcn Treasure •..• ----- -------- -- --- - -------- 30711 Jl nwk ''os. I ot til. (2 1} --------- ---- ----- ---- 1 

i~~!.\\:i~~m:~:~:~::===:::::::::::::::~:m: .~ i~~~~~~~~::.::::~::•=::~~~~· ·:~~~:: :::::::: . ~p, !!i~~~~=-·~=:=:~:::=~::~==~E~~:.=:~:~: :r-
Frunkin ---·- -- --- ··---- ---- ----------------· t9f134 Oold L<'Mnud mill site ••• .. . --------------- 356 o. h. II N· tor ploc·•r _____________________ -----· 
Fronk plocer ___ __ __ . ____ ___ _ -_-_-______ -- -- - _ _ _ I. " ' bd. Oc ld L~ar ct tiL ____ ___ . ____ ·--- ____ .----· ____ •• 16·1.>4 ll rlen ---------- -------- ____ - · ----
Free .~mcrica :-<o. 2 . . ---- -- - ---- -------·--- ·---- 1177 Or ld Phtc :-lo. 1 ct nL .·--------------- - --- ---- Jill I ll clcnn ___ --- --------
Free Coim1go __ . _ -- -------- __ __ . --------------- _ 13167 0 oldsrni r h .---- ___ ___ ____ -- -- -- __ •. ___ --- -----· 1450 ll clt•n N nl --- •.•... __ 7 Free Coinage t al. ___________ ·--- -------- ·-· - ·- 6101 Goldsmith et nL -------·-·---------·--·------ - - !i t Helen Frnnecs rt, ul ··--· ---------·- ·-- 1~1 
Free Coino~ect n'--- -· -- ---- --------- -- - ---- -- - ii59 Gold s 1 oon et , '--- ------ · ·---··--------------- 1155h Hclon Gou ld. (. ec Hoosr v<'lt .) ···---1 .7 
FrceCoinageetnL ___ _______ ____ ___ __ _________ 7 75 GtldSulpbidcl\o. l el ol. liOl- ---------------- 1 130 Hellcn.etuL --- ---·-· __ ---·- •• VI"" 
Free Gold ___ _________ _____ __ _______ ________ -- ·- 46 Gonohrod --- -- - --------- --------------------·-- 5S2 Ht•h ·N IU •.••. _ _ _ ___ 1~< French Gulch ph\c• r-- ------· --- --------- - --- --- 2207 Ooodcll __ __ _____ _____________________________ H3 om. lltmitito --- ---·---------· ______ :··_:----·-- 114j 

g.~- Follet et ol ____ ______ _____ ____ _ ·--- -··-- -- 1~-5~ I grace e6 nL .... J-- ·-·-- -· -·-·------- ---------- ~-~~~ii W'agon pl,\t'i ------- - --- ----- --- - ------· ·-- 1. su bd· 

g:\~~~~e5~r~:l:~==~::::::::::::::::::::::: :: :::: :~~~ I g ~=~~~ -~;::~~~~::: :::::::: ::::~:~: ~~=~ :~::::~: -~~ :: !~:::::cr:~ ;i~~~;.:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:_:;: ~~i 
Golesbu rg _____ ·------------ ---- -- ------ --·- - --- 2570 Orand Pr.IZC.-------- -- - ---- ----------·------ 473 t\111 I H! herrun ---·-------------------------- --····· HS 

~~~i:;f:··~):: ·~ ;.~i:i/1!:.~~::;:=~::.:.:~.:~: ~ ~~;wi~:; ··iii• iiiiii:: ;!!;•!!;;!:!:~ :.~.:~ I iill!~r.~~~122i i Lii i ·~ ~: 
Go tes .. -~ ·---.- -- _. ___ . . ___ ___ ________ _ ---- -- ·--- 326.1 Orcnt Ens. tern ~t ·" -.:-- ; .- --- -------. - -. -- -- -.--- 743 1 H ildcgmdt 't nl --,- -;- - ____ .. __ .•.. _ ...•.. . •. .. 6;s,; Gaw placer. _______ ___ ____ __ ___ ___ ___ ________ __ _ 4080 Oretner !Sew iork .\ et oL ..... -------·---- 13 42 H1ldl'r. \· o Ann •o (,_) 
General Cadwallader ....•... ---------·--·------ 4 7

1 

rlreu ter New Ycrk B-- - -- --- -·----- ·- ----- ----- 1006-1 Hill ______ ·-----·-----··----------

i~l~~ ~~:~::·:'~:~:=:~:~{:: (: ~=:::Iii~ , ~~mr~~£;r:~=:: ~::::~t::::=~~~:~m:~= ;M ~~r~~1;:; :~~:: ~H:~:::~ ~mu ~ 
General Logon et al ____ ___ _ · ------- · ----------- 13741 Great 0' ullivon --·-----------·----------- ---- - 1794 Homer ploror _____________ ____ ·----·--···-··· ·-· 
General Sberidan ____ ____ ·------ - - --- ·-· ---- ---- 1141 1 Great Hepublic _________ ____ --·-------------- -- 2692 11 om ·takl'- --- -- -- -------- ·- ----- --·--------· · 
General Sheridan et a '---------------------- --- 112,7 Great Republic and P1tchcr (2) ----- -- -----·--· 19297 II orne take ------ - ----- ----···-- --·-··-·-··· ·· ·· 511 
General horidan et al __________ ____ ___________ 13741 Great outhern et oL. --------·------------ ---- 1510.0 llomestnke ______________ ___ ________ ·--··-·- 1 

lf1¥fitri11". :!;:•::iii! ll :);:;•iii ~~ ~~~Yt~"~:!!!::::;;:;:;r;i!;;:;)!;;; ~ ~ ~~i~i~~1ti:•:::;i;~:~:;;;;;;);!;= :1: 
Geo. F. ?>Ionaban tal (2) ·- --· · --- ----- --- -- -- I 1 9 Griffin No.2. ('ee.\ unic 0 .) lloo·il' r Gir'- --- ------------------ ·- ···--·-····· 1401 
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Alphabetic li ·t of mining clai nu in Lake County, Colo.-Continucd 

UT\'OY 1'\o. J 
1
. 

1 
un·e v X c. urYcy Xo. 

lllperia l o~ oL ---- · ··• •·•• · ·• • •· · · • • • •• • •• ·· ·· 13560 11 1A ct A • 5650 Lead ·i!le 6 9 

~~~~e~~ et-~i: :::::::::::::::::::::::::::: 5~A~ m~f~~~~~=~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~l~~ t:~ ~m:=it=~j:~~~~~~~~~~:~~~~=~~~~~~~~:~~~~~~~~ m~ 
Juno. ···· ······--·········------- --- -- -- -------- 4739 ll.eaddvi ple et all _______ ___ _________ __ _____________ 1993-,012 J 

1 
.ea \ 'I eta ......... .. ...................... . 

!(~~~:,~\\\\\ \\)j~\~~\\\\\\\\\)\\\\\\;\\I :1 : fjf~~~"rn;'"\\\JJ\\\~~~~~~~~~~~~~:))\\\~ ,lf~ 
103 9 J.e,·iathan .................................... .. 
II 9 Lewis ------------------------------ .......... .. 
16267 Libeny ................... .. .................. . 

567 Uterty B .................................... .. 
92<J2 Liberty et aL .... .... ............ -------------- 9373 
941 5 Lickscurnclid rick s ......... _____________ ..... 1042 am. 
2715 Lida ________________________ .... ____ ________ ____ 21 M 
7 75 Lids ............. .. ......................... 2155 am. 
3410 Uddin .......... .. ........................ ..... 9254 

684 L illian et nl. (2) .......................... ....... J9o4-l 
1682 Lill ie _________________ ----------------------.___ OL6 
1017 Lillie ..... __ ____________________________________ a211 
·!059 lAme _____________ _____ ------------------....... 216 
4!;90 Lime et aL __ ______ -------------- ---- ---------- 9443 

boD Ro <' ct aL .... ------------------ - --------- - 17160 Kroturky ------------------------------------- 30.i7 Linroln ---------------------------------------- 265 
1 11a Vncoln - --------------------------------------- 6 5 

Lincoln et aL . ........................... _______ !)()!l9 
Linda rt aL___________________________________ 7725 
Linden et aL ................................... 6210 
Lingula ............. ·------------------------- 560 
Littl Add ie .................................... 3676 
Little Albion _________________________ __ ________ 167 9 
Little A le• .. ___ .......................... ______ 15436 
Little Alice _____________ ______ ___________ _______ 542 
Litlle Alice .. ___ ___ _____________________________ 2400 
Litt 'e Alice ___________________________ ----- --- S\249 
Little All :e ------------------------------------ 14H Little All ie et aL ___________________________ 4711 am. 
Lit tle Andy et aL. ____________________________ 6020 
Little A ogie ______________ ---------------------- 3743 
Little Anno __________ ___ ___ _____________ _______ 4 1 
TJi ttle Annie______ _____________________ _________ 601 

1. F. II . ---- -------- -- ------------------------ tot 76 Kismet .... ------------------------------ ---- 4461 am. Little A nn!e ........ ........... _________________ 1424 
1 n f• ctlon --------------------- -------------- 13251 K il arson-- -··----------------------- ----- --· 432 Liltle Anhur et al.. .......... ....... ___________ 1162'2 
!, 0. !.. .... ------·------- ... __ ...... .......... 49i3 Killic ............. ..... ------- _____ .... ___ _ __ __ 1287 L ll tie A UIOra •. ----------------------- ---- ______ 501 

l: ~: tr?:.::::::::::::::::::::::::: :::::::::: 14~ ~~~~~ )~c::::: ::::::::::::::::::::::::::::::::: ~r~ tit}l: ~~~t\;i~-~t- ~~ =: ::::::::::::::::::::::::::: H 50~ 
•. ! )( -----···--------------------- ------------ 11769 Knickcrhocker .. .. ................. ------------ 460 IJittle Bcrt'c et aL__ ___________________________ _ 6076 
i.K. ----- ------- -------------------------- ---- 19317 K ohinotr ------------------------------- --- ---- 61.~ Litt'e Ulonde ----- ------- ---- ------------------ 703 
Df. (' -------·-·--------------··------ -- ---- _ 4227 Kokomo.... . .... ... ............... . .... . ...... 92 Lin:e Bob .............. ... ....... __________ ____ 11436 
IS Murphy·--· -- ----- --- ------------------- · 2316 K osciusko--------------·--·------------------- 4091 TJitt'e Cnnadn .............. . .................. 2292 

Q. ' .. ------------ ----------------- _____ ___ 1316 Kyle t »!. . .................................. .. 45. Litle Champion........................ .. ..... 6'2 
I.R. ---- ---···--·-------------------- ---------· :J004 L . (', et aL................................. . ... 65 l,ittle Champion _________ _ .. _______________ ___ _ 757 
!.>ilk eta!. ............................ . ....... 9H3 L . C. eta'-----------·---------- -- ---- ---------- 9~72 Litt le harlie et aL ............ . ............... 5.'>5l! 
~ck .. ----------------------------------- _______ 7233 L. ~I. ........ ________ ..... __ ___ ______ .. ·------- 3092 Litt'e C hief.------- ___ ---- ---- __ ............... 35 
tkelnl.. ____________________________ _________ 9995 L . W. • F. \\' . fraction·-- ---------- ------ ------ 1310;; Lilt'e hippewa .. ....................... .. ..... 6M 

•ct \\'bucker------------------ ........ -·------ 114 0 Lar~awnnnn Belle et al ........................ 12765 Utile Clara ............ --- -------------- ------- 10i9 
h~b D. eta! ........ ·-- --- ------------------- - 71 0 Lackaw:mna pla{er. ...... ......... ____ .. ....... 10. 3 Little Cole...................... . .............. 37!;6 

~~E;;;;:::~~:~~;:::=:::~~::i:~ii~~~=: ,~ 1 ~:lPl~~m:~:~: :~~~ ~:~:~~~ =:::~~::=~:: , ;: ~~~t~ ~~~;~L :::=: ::~: : ::: : ::: ::-~ 
ii!lf' EugPoe ------------------ .... · -·- ____ ..... 3391 Lacly El~~;in ... ... ........ ...... ........ ...... .. 2553 Little De beque . ....... .... -------- .... --------· 3575 
'ul<> Herner et al 13717 Larh · Ga,· eta! 7197 Little Detawo1e.................. .......... . 2137 a. 

r;:r>; r'tnC:::==~~======~~===~~~~===~=====~ 1 hi t:~~: kr~~r~~~ :; =~~=~~:~~~~~~~~~~~~~~~~~~~~~~~~~~ ,&~ ~~w: g~!'~i~~;~:::: :::::::::::::::::::::::::::: J!~~ 
~fir.:; Lady :-.111y ..................................... 2070 Liltlc l':d .. ........ ____ ___________ ____________ __ 12657 

72:1 Lllfol tte e1 ;1 ) ................................. 10. 10 Ulllr Kdrnhurg_ _______________ ___ _____________ 620 
12740 La J:lllnitn ................................. 10210 IAU'e l~ d. Ol nl .... .. ........................... 9372 
2 l.nke County .......... .......... . ....... 61 Liltlr Ell et nL __ _____________________________ 7197 

r.'\,'- l.akoCnun t.L.. ................................ 66 1 Little Ellen.. .... . .................. .......... . 550 
17VR Lake pin ~r........... ... .... ...... .... .. ... 23~ !.itt! E,-a ........ ............................. 367 

70'1 !Jake \'i w N nl .• -----·-··-- --·------·- ____ 1 ~ 67 Lilt'o E,·a at nl. ....................... .. ...... 735-5 
Mil l.nllu Hook h __ ___ -·------·- 91 ,'> Lillie Flora et aL. ............... . ....... ---- -- 10807 

11-11~ l.anph1cr :-\o. 1 ot nl. (17)..... ............ t9z.,; Lllt'e FIOY--------- ------- --- ---------- -------· 430.S 
7141 l.nnl'hicr Nos '· IU, 20 (3). --- -----· ___ 192.'>7 am~ IJi ltle Forepo uRh.......... .... ......... .. ...... 41\3 

........ -··--··--··- .. __ 11.1():1 Lap ·•nd~r •tal _ • -------------··· --- ----- 439, Little Fraction ................................. 2423 
·.ID risk ..•.• ·-·----·-- -·------·------- • hl2 Lo l ' la ' I nl:uH·o ··---------------·- 13P7 Litt le Fraction ..... ------ ------ - ------------- - · 3212 
: m!e wish,r.................... __ :1 60 am Ln l'lnta ··tal .. ----· ----·------------ 72.'>9 Little Fred ................................. --- ti2i 

. elal 12076 1 ~rkln ~293 Little Onle~burg .................. ----------·--- 1176 
\:No.3~::~--·::.~~~-~:~~·:::::··~::~: ····: : ·: 100 ~ 1:;"! Rnldl •• ::::.:::_::::::::::::~·:::::::." 707 1 Little (liant ...... . ...... .. ..... .... .... .. .. .... I I 
~-~ -Lovan ,_. ... .• __ .......... ... t1QI2 1. <l Chnnre ___ ----·--- --------·· · ---- --· · 353 Litt le Giant. ................ . ..... . .. . _________ I 62 
kb r· Rnj\mond mill Sit• -----·· .... __ 4. LA$t ('h nce .. .................. ... 132'2 Little ll nrry ................... .. .............. 221 
~ Let ..... ----------·--····- ·· 110." l.n-'1 C ' hanc~ --- ----------- --- ·--------- ---- .... IS~ I TJittle ll utie · ----------- ......... ... .... -- ------ 112~ 
i;bn awrrnrc., . .... • ------- - ·- tlllll L• s1 t ' hnnre _____ .. ...... I!\ II L1 _ ~1: ttt1

1

1.oe N~r~ :::::::::::::::::::::::::::::::::::: ~3~ 
1<11 r ary plar.• r No.2 ------- --··-- MY.! l.a't C'hancc .... - ------------------- • P512 - ~ -- - -
~-~tchriL ....................... _ 11:1 l.a<tCh tl nce . I !I!' t.itllelown ......... .................. . ......... 9492 
lth ~r ..... .......................... .... 1000 Lns t C' hnncc et nl. (2) ···--·-----·-- ______ 192'lt Li1tl<• Jim et nL . ----------------------------·- 13 7 '*'n h ctol ... ..................... !! ~2n. h Last C'hnll( Ko. l et 11!. (7) _ ..... 1067 Little Joe ........ ---- ----- ·------------------ 6727 
l<lln 'f'c a1Trr ____ • ---·------ ........ 4209 1, t ('hlp --------. -----· _ 47 Little Jce ......... . .. ------- -- ------------------ 040 
IW!n ~mpsoo plnr r .. -------------- .. 341 Last Hos • ----- ------ li\43. Uutc J oe mill si te .. ----- ---------------------- l:l754 
ko~re~ ~FIIIDkH t ul -------------- --------- 672\l I L A$1 I! ell or Sumnwr ... ------------- . 3502 Lillie Jonny ---· ---·----------------------- 51 
ton ........... !1099 l.alrh ___ ----·----- ----· __ _ 36:t:l Lilli Jose .... . .. ... .............. --------- - 2734 

i~lfy· ~\;_;\;;:-)\~;_)_)-;_-_=-_;li_:;i_;;j~_:j_-\;); ~ I ~~;:f~~':;';~~~~:::_~t-)~)~~lll;-;_[~~'; ;~~ t\~~~ ~~jl:t ./\\~:\ \ ;;\;\\\~~;\,<~\ '\~ 
-- -- -- ----- __ __ __ __ ____ 428 l.awronce ___ ---------------------------------· 1257 Little l\[ao -------- -- --------------------------- 3· 51 
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Alphabetic l·ist of mining clai m in Lake County, Colo.- ontinued 

urvey 'o . urvcy o. u 
Little Jack ••.. ------ --- -- -----·-- ---- -- - ------ 517 MaFnolia pltlcer.. •••. ...• . ·-- ------------------ ~2 l\~~~~ ~:n~nr. t .o'i" ·-------------------------- r'je~u~ 
Little l\! agcntet oL ____ ____ ___ __ _______ __ ___ __ _ 14514 Mahala - ------ --------------------------- fill n " -------------------------- - · 51 
Little toggle et al ----- -------- -------- --- -- --. IO'lM ·r :rda~~yni~~~:~~~~~~=~~~~:=====~~~=~~====~===== J4C;~ 1 il t~n ~~~=~=:::~~~~===~~===~:::::~~::::::=_=_=_=: : 139,1

3 
1 

Little l\!njor -- -- ---- ---- ------- - ------- --- ----- 19134 0 Mlnera let al III 
Little Mary --- - ---- ------------ ----- --- -------- 2732 J\faid of Erin -------- ---- --- ------ ------------- Q 1. IF ------ --------------------------::: oro 

t!Hii ~m1e::~~~~~~~~~~~~~ ::::~::::~:::::::::: 1
3

~i: ~m~:~~[~~-~=-r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~ ci l i!~(~~?E~}~~~~~~:::~~~~~~~~::::::::::::::: ~~ 
LitUc 1aud et al ------ ---- · ------- ---- -------- 7344 !6267 i\!1 c • D en 1 Oold Kl (2·)·----- ----- 32&1 Littl May 100 7 Mamie Hoss et al. _____________________________ n r s r 111 an( ng ---------- · · · 1, 1 Little Miami ·:::::: :: :: : :~ : :: : ~::::::: : :: : ::: : : !i09 l\ lammoth ---- --- . 60 f !ners ll ope. _____________ _________________ ::·· i6J~ 

t~~;~~ ~g~li: -~~ -a-1_:::::::::::~~:: : :~: ::~::~: :::: ~~i26 ~M~1 :~ ~~~~~ m~n,:1 ~~~~~l':, :: ::: ___ ::::::::--_:_:::_-_-_:_:::_-_ :_-_::--_:_::-:_-_::-::-:_-_:_--=:=:=~~-~-~-~-=-=_:_:_:_:_:_:_ ~ ~~:0011 l\1:~g:~g~ ll~:::::::: ·:::···- ----------- .. ' 
Little Monitor. . .. _____ . ____ __ ----------- - ------ .19 , ~ i ~~ ~:~~g~ - . -~-~~ -::::::~::::::::::::::::::::::: ~7. 3111 LLi,.ttt1llc ',ne'l'lc_Y __ -_-_-_-_-_-__ -_-_- -_-_-__ - -_-__ --_-_-_-_-_ -_-__ -_- ·_-_-_-_-__ -_-_-_-_- 141091669 I I 16.1 1 M lnnohaha pia( 1' ..... . ! ammot 1 ct a --- -- --- -------------- ------ --- ----------------·----- I Subd 
Litlle ellie ..... -----------·----- -- ------------ 1501 1ammoth Exlen ion e1 nL--------- ---------- - 163 1 ~1in noso l a - --~ --------- --------------:~:-- · 2fi.li 
Little 'ollie ..• . ---- ---- --- -------- - ------------ 311 3 Mnmmoth pincer.------------------------------ 17 11nne.-otn ot o -------------- --- - ------- -- ... 1311 
Little Nellie et aJ. ___ ________ .. ____ _____ ------- - 7344 M nndc lle ...... --------------------------------- 1 02 ~ !nnesota t ~ I ------ -- -- ---- ---- -... •. .. :::--· IOS07 
Little , ellie placer _____ _______________ --- ---- -- _ 5561 1nnhnttan ot a!.. •. ------------------------- --- g I · !nnetonoma 1 ------.--------------- _______ : .. 16 
Little Pet- --- ---------- ---- -------- -- ----- ----- 1477 Manhattan et aL •• --- ----- -- -------- -- --------- 9292 . 1n1n1e ..••.•••••••.• --------------- · ··--- ·- W! 

~~~~ f~f··~i)) ;;;:= ~)))) m·m-):-:-~ ·~ ~1l~~?:~ l!Hiiiiiii~::;;:~;::~:~~;:~ '= ·~ ::.[l !;_!f_;nj_ni:ft=.b~.i~~c~=8_:e;,o~l~-~-~_:_-~-~-:---~-~-=-=_=!_~-~-=~_=_=_!_~_: --==-~:: __ ~~-=_;_::;:_:_- =_•--~=:; __ :_.: ··~~~·~ 
t:n:: S;~;r~~:: : : :::::: : : : :: ::: :: :: : :: :: ::::::: n~ a=nr~~!~{-_:_~~a--i=. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~=~ ~ ~!~ 11~< 1 ng Lmk ot al... ..................... :~I' ' 
Little . ister placer. .•. ---- ·- --- ----- -------- - I. su bd . 1 1 ·-· •"' 
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Little Troy ____ ________ ____ ----------- -. __ _ .. ___ 5199 Martha·----- -------------- --- ------ --- ----- ___ . 17542 1 ona rch -------- -- - .-- --- -••. --- -- -- ---·- 3i42 
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Little Winn ie . ... -- -- --- ________ ----- .. ___ __ ... . 5~5 Mary _____ _ .-----· ____ . ___ --------- ------------- 10872 Monitor et nJ. ____ ____ ------- ------- .......... : 0341 
Lock ----- -- . ---- ---- __ __ ----- _____ __ --- -- ·----- 220.' Mary- -- ------- · --- --------_ · --- ____ ------------ 161011 f on to C'hristo ------ ---- ----- - --- --- --·--- ---·· 134 
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Longfellow et aL --- --- -- --- -- -------- -- ----- --- 6164 Maryland. ___ _____ __________ ____ __ _____________ 700 .. " '"" 
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LLoorard LByynr0n~ ·-:: -.:: :::::: :::: :::~ :: ::_· _-_--__ · _- -_-_ -- ---- -. Matchless------------ --- ------- -------------__ _ 470 t ountnin Boy __ . ____ ..••. ____ -- -- ------ ----· -- 46-1 Muler et al. ••. ---------- -- ---- -___ ___ ---- ------ 999 M oumai n Boy ____ ____ ------ _________ -----..... ~r.l 
Lord Clyde .... . -- ---· ------ -- ----- - ----- --- ---- Matthews et al. _______ ______ ___________ ______ __ 9512 'fountain Boy--- ---- ---------- ---------------- 1 • 
Loretie ct aL ____ ________ _ ------------------- --- 9286 Mauch Chunk et al . _____ .. ----- -. __ ------- -- -- 7933 l\l ountain Qpm __ . .. __ . ------------ .......... ... 1 
Lorraine Gibson ________________________ ------- 15 63 Maude F .--- ------------ ------ -- ---- --- ---- ---- 14277 . fountai n K ing---- ---- ---- ---- ---- ---·--- ----- 303l 
Lost Mine eta'-- ---- -------------------- - ----- - 12167 Mande S. et aJ. __ ___________________ _______ __ __ 13il 7 Mou ntain Lake plac r-------- -------------·---- l 
Lest T eam .... .. ------------------------------- 181 4 Maud 11icks ___ ___ _____ __ ____ ___ __ __ __ ___ ___ . --- 454 Mountno Lion __ __ ---.-- ------ ------------ .. .. . 
Lottie---------- --- ---------------------- --- ---- 41 05 Maud Hope ct al. .. ____ --- ------- -- --- ____ ---- 11 2 Moun tai n I.ion ••••• ••• __ ------ ___ ___ .. . ...... .. Louise _________________________ __________ ____ ___ 4477 Maud R. et al. _____ __ ___ _____________________ __ 9443 Moun tain l-ion et nl. ____ ____ _____________ _____ _ 
Louise D 'Or et al. ___________ ___ ___ ____ ________ 12101 Maud Y- ------- -- ------ -- ·---------------------- 70 Mountain J,ion ct aL •• ------ ---·---------------1631 
Louisiana -- -- ---- ----- ------- ---- -------------- 1335 Mause r No. I et al. (2)-- --- ------- ------------ -- 10616 Moun tain Maid et aL ••...•• --------------···-- 1631 
Louis tell----------------------------------- - 2467 Mauser Nos. 3- 10 ---- --- ----------- ·--------- -- 20005 lountain Queen . ••• ----- ----- -- ---------- -·--· 34 
Louisv ille ------------ -- -- ---- ------------------ 417 May D -------- ·- -- -- ------ -- -- ---------- ------ 133 14 Moun tai n tar ct al ------ ------ ---------------- lllW 
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Alphabetic list of mining claims in Lake County, Colo.-Continued 
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~~undred & llalcyon (2) •• • • ::::::::::::::: 1 ~28 PlncTroo ____ --··········-·-·· -···- -------·- -· 4101 Rex et al.. .................. ____ _________ _____ _ e'F 
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Alphabetic list of mining claims in Lake County, Colo .- Continu d 

Survey No. 
Robert Bums --- ------- --- ----- ----- ----- ------ 538 
Robert E. Leo·------------ -------- ------------- 315 
Robert Emmet----------- ------ -- -------------- 317 
Robert Emmett ----- -------------------------- 940 
Robin et al------ ------------------------------- 12101 
Robin Rood . --- ------- - --- ----- -- ------ -- ------ 3667 
Robinson •••• ________ ••. . ----- ••••••••• •••.. ---- 1743 
Robinson placer -- ---- ----- --- ----- ------------- 378 
Rock---- ---------- -- ____ ------------_, __ ------- 21 
Rockafellow ____ --- - ---------- ----------- ------- 2289 
Rook Creek placer --- ----------------- ------ 2083 am. 
Rockefeller et al -------- ------ ------------------ 13304 
Rook Island. ----- --- --------- ------- ---- --- ---- 2 I 
Rook land ----. ___ ------ . . . -- ------------------ -- 4457 
Rocky & now Flake •• -- ----------------- ------ 5038 
Rogers ------------------ ------ ----- ------ ----- - 2885 
Roosevelt, Helen Gould, Rita M. Willow (4) --- 19199 
Rosa --- -- --- ---- ---------------- ----------- ---- 1311 
Rosa Henrietta .. ----------- ---- -- ---- -- - -- --- -- 1642 
Rose Bud et aL .. ------------ -- -- ------- --- --- - 10230 
Rose et al--------------------------------------- 9539 
Rose et aL ..• ---- -------- --------- -- -- ---- -- -- -- 9551 
Rose et aL •..•. ____ --- ---------. __ ----------- --- 10389 

~~~ ~\~~~~ ~~~~~~~~~~::·-~~~~~~~~~~~------~--:.·::::1~ s~~~~ 
Roseville ---- ----------- ------ - ----- ----- ------ - 2385 Rosuna et aL __________ ___ _________ ---- ---- -- -- 9274 
Rothschild --- ------------- .. --- ----- - ------ ---- 946 
Rothschild -------------- ----· __ _ ----------- --- - 1390 
Rothschild ------------ ------- --- ------ ---- --- 344 Roudebush & Moynahan placer ______ ____ ____ _ 
Rough nod ReadY-----------------------------
Rough aud ReadY--- ------ ----- ---------------
Rough and Ready 'o. 2------------------------
Roy et aL . . ------------------------ ---- --- --- -Royal _________ _______ __ ____ ____ ___ ___ ---- -- ---- 1120 

RoyaJ _____ ____ --------- ---- -------------- ---- -_ 1 78 
Royal K . placer- --- ----- --------------- ---- ---- 2135 
Royal Oak et al------- ---- ------- ---------- ---- 4653 
Rubie ___ ____ --- ----------- ---- ---- ------------ 45 
Ruby------------ ---------------- ------------ 1028 
Ruby --------- ------- ------- ----- -- ----------- - 6211 
RubY-------------------------- ---- ------- 11947 am . 
Rummel et nL.--- ----- --- - ------------- ------ 16352 
Rustler- -- ---------------- ---------------- __ __ ._ 9440 Ruth et aL ______________________ ______ __ ______ 9539 

~Yt~ B~~~~============================== ::: ==== ~~ 
S. D . & Q. D--------------- - ----- ----- --- -- 5682 

. Small & M. ~------------------------- 362 a b . 
. . --------·-------------------- --- --- 3 2 s. T. x _____________________ _________ _______ 2633 

Saginaw CitY-------------------- ---- -- --·· -- 8621 
aginaw Valley et aL----------------------- --- - 10090 

Sailing Cissy et aL __ ______ ________ _ ·----- ------ 11121 
St. AnD----------------------------- ---------- 4640 
St. Bernard et al ---------------------- ------ --- 9286 
St. Clair et a.L-------------- ------------------ 13304 

t . Crispen ___ -- -- --------- ------ --- ------_____ 1281 
St. Jo .----------------- --------- - --------· 6885 am. 

t. John •• -- -- -------- --- --- --- -------------- · -- 20296 
St. John et al --- ----- -----•-- ------------------- ~292 
8t ~~~tt~~~~~~~~~~~=~~~~~~~~=~~==--~=~~~~~- i325 a7!6 

St. Julian __________ __ _ ___ ---------- ------ ------ 2568 
t . Julien. ____ ------- -- -- ___ --------- ----- - --- -- 9533 

St. Kevin---------- ------------- - --- - --------- 3364 
St. Louis------------ ---------------------- 5.18 sm. 
St. Mary et aL ... ------ -- ---- ------------ ----- 15010 
St. Mary et aL------------------ ---- --- ------ - 15110 
St. Mary et aL-- - --------------- -- ----- --- --- -- 16246 
St. Mary's------------------------------ ----- -- - 2247 
St. Paul et aJ. _____ __ ___ _ ------------------------ 4314 

t. Teresa ______ ____ ---- ----------- --- -------- --- 1271 
Saline et aL---------------------- ---------- -·--- 57 6 
Salley Jane __ _______ ______ -------------- -- -- ____ 3148 
Sampson placer------ --- -- ---------------- ------ 1097 
San Francisco------------------ ·-------- -- -____ 8215 
Saogamon ________ ---------- -- --- --- --- ----- - --- 771 
Sangamon fraction and Quarto (2> - - - ----------- 19333 

s~gf~.;=:::::::::::.:::.:::::: ::::::::::::::::: ::·543 !::~ Sao Juan placer ______ ____ ___ ___ ______________ I. su.bd. 

Santa Claus et al ------ --- --- -------------- ----- 9286 
Santiago •••• ------ -------------- ____ •.. • -------- 17972 
Sappho ------------------ ___ ------------------- 330 
Satellite _-- ----------- -- ---. ---- ------ ---- ----- 3168 
Satellite __ -- -------------------------- ---- -- - 6190 

nturday ---- ---- -- ---- ----- ---------------- 17 1 
Saturday ight ---- --- - --- - ----- --- ------------ 2049 

cbulherr ------------ ---- --- - --- ----- •. --------- 5067 
Scofield __ ___ __ ---.------- _____ ----- ------- -- ---- 807 
cooper-------------- -- ---- -- - -- __ ___ _ ---- ---- 529 

Scotia--------- --- -- -- -------- -------- --- ------- 47 1 
Scraps ---------------------------------- ------ 8512 
Seabright placer -------- --- ------- - ---- -- -- -- -- 16336 
Seabright placer -------------------- ---------- - 17449 

earl placer __ __ __ ----------- -- --- - --------- ----- 435 
Searl placer. ____ __ __ ____ ____ ---- ----- ---- -- ---- 436 
Searl placer. ____________ ---- ------ . __ . __ ------ 12993 
ecund ns --------------- --- --- ------- --- ------- 13540 
ecu ri ty ----- - ---- ••• • ------ ________ . _______ . . _ _ 31 1 
edalia ------ ------ ------- -- ----- .. ----- ------- 659 Sedalia ------ ---- -- __ • _____ . ____ •.•. _____ ---- --- 3154 

Sedan et aJ -------- - ---------- - ------ - ---- - ---- 9351 
Seek oo Further----------- -----------: ______ ___ 1225 
Seigniorage eL nl - --- · ------ - ---- ---- -- ---------- 1084~ 
Semilunar placer ------------------ ----- --- - ---- 1205 
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Alphabetic list of mining claims in Lake County, Colo.-Continued 

Survey No y· . . Survey No. 
V trgm!a ----- ----------------- ------- ----- -- ---- 16593 
V!rg~01a Dare et al -- --------- -- ------- -- --- -1135 am. 

~~~: :::m::::::::::m::::::: : ::: :: .;~ 
W. A. Anthony et 81 ----------------=:::::::::: 6758 
~~- b.llre~rritz ---------------- -- --·----------- 3412 

~:~f~fi:;.;;;;;;;;;;l;::;;l;;;l;;;;~l;;l:l 
w :n ~1,~;6~ 1:::: :::::::::::::::::::::::::::::::: 14~2 1 

Brothers et al. ---- ------ ---- ·-----. ------- 5691 Walter Scott et al .. --- ----- ____ ____ ____ ------ 8658 

if:~~f'ill]]iii~liil-i-i:i;:;:::iillll .~ ~~~~[~";" "iii~~~l:lii! ::::;::: ·~ 
J1111letaL .•.•.•...•..•...•••...... •.• ....•. 9361 Washington Gulch plRcer ---------------------- 159 ··:::::::::::::::::::::::::::::::::: :::::: 1m~ ~~~c~U~ ~~ :::::::::::::::::::::::::::::::::::: ~~m 

----------- ------ ------------------ 15094 Water Jacket..--------- ----.- --- -----------____ 5036 

n ~~!:t_~~::::::::::::::::::::::::::::::: 5~~ ~~:~~lgg ::::::::::::::::::::::::::::::::::::::: !~ 
etal .••.••• ------------ ------------------ 6232 Water Wheel placer ____ ______ ________________ 1. subd. 
et al ------------------------------------- 9422 Wa,·erlite et al ------------ ____ ------- ------ -- -- 10844 
pRt

8
ace
001

r_._-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_ -_ -_-_-_-_-_-__ --_-__ --__ ·:::·_-_ 2022 Wax-- --. ------- ..•. ____ ------------____________ 4463 61 Way Up et aL __________________________________ 11052 

:\f~~r::::::::::::::::::::::::::::::::::: ~Jg ' ~~,~~:~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~=-~~== }~ 
; enate .••• ------------------------------- 3213 Wei! .......•. . ----- --------------------- -- ----- 4971 

wn et al ------- -------------------------- 6164 Weldon . ---- -------- ------- -..•• -------- ____ 1035 am. 
~~ .~rkansas placer -- ----- ---- -- ------------ 1939 Wellington-------------------- --------- -· ______ 5178 
···------------- ·----- ---- ---- - ----- - ------ 750 Wells & Alexander placer------- -.••• -- ----- ---- 1388 
-·-···------------- ------------------------ 1985 Wells & Moyer placer-------- ---- -------------- 281 
. ------------------- --- -------------- ---- -- 4230 West Frnctlon -------- ____ . --------------- ------ 19621 
------- ------------------------------------ 13046 Weston et al--- ---------- --- ------------------- - 11741 

~biti:::::::::::::::: :::::::::::::::::::::: 1~&~ ~:;~:ct~~:::::::::.-.-.-_-_-_-_-_-_-_-_-_-_-_-_-.-:.-.-:::::_~~2 r~ 
et al ----------- - -------------------------- 9112 Whale ____ .------------------------------------- 64 

--------------------------------- - -- ---- 1903 \Vhale eta'------------------ ------------------- 11485 
re -------------- ---- -- ---.---------- ---- -- 14278 What is Left ____ -------- - ---.------- --- - -------- 4970 

et al --- -------------- _. -------- -------- 16604 Wheeler------------ ____ ------------------------ 20197 !..------------------------------ ---- ------ 3084 Whetiker et al. _____ ________ -------------------- 14321 
·--------- --- --- ------------------- ------- 3135 Whip ______ .--------------- ---- --------- •.•• ---- 9522 et al _____________________________________ 17250 Whipple ______ ••.• ---------------------- •. __ .••• 951 

ont --------------------------------------- 1692 White Cap •..• ____ ---------------- ______ __ .. ___ 3 
nt --------------------------------------- 4099 White Cloud................. . ................. 1315 

ibola eta'------ ------------- -____ ---- ------ 1044 White !louse •.•• -------- ____ .•..••.. ----------. 4650 
a et al ------------ ---- ------------------ 14291 White Prince ..•.. ·------------------- • . •.•. 4356 am. ·us ·----- ---------------- ----------------- 229 \\"hite Quail et al. __________________ __ ___ ____ ___ 6931 

rius. ...••••••....••. --------- - ------------ 17166 White Rabbit. •••.•. ------- ---- ---· ---------- -- 612 

:m;:::::::::::::::::::::::::::::::::::: im! 1 ~~~~::;_=_~:_:_~~~:_=-~~=-~:-~~~=-~~:-~=-=-~~~~~~~~~~~~:- m: 
Hugo ..••.••• ---- ·--·-·-----·-----------· 4119 Whyte et aL •.• ------- -.------- ____ •••. ___ . ----- 13850 

1~~i~~~~~{;J~~~~~~~~~~~~l~~~~~~~~~:~~I 1~ I ~~\[fJ~~~~~~{Ifiiiffffff~~~~ffffttff~~~~[[[[ ~ 

urvey No. 
Willcesbarre No. 3------- ----------- ------------• 3 1 
Willard eta'----------- --- ---------------------- li501 
William-------- ··-----------------------------· 725 
Wm. Byrd Pages• placer--------------------- I. subd. 
Wm. MoLer placer •••• ------------------------- H 300 
Wm. N. oker placer·-·---------------------- 303 
William Pauper ••..•.•. ____ -------------------- 3465 
William Penn·--·- ----------------------- ------ 484 
William Reddick·---- ---------------··········- 559 
Williams··· -···-···--------------------- -·- ---- 685 
William Wallace •• ·--------------------····---·· 773 
WillieS. et al ---- ------------------------------ 7355 
Wilmot·---- ----------------------------------- H68 
Wilson ------ .... --·· -- --- - __ ____ .••.•• -------· _ 683 
Wilson ________ ___ .•••• ________ ••.••.••..••. ____ 1428 
Wilson . ____ -·-·-- ...•. ___ -------- ________ ----- _ 3672 
Winan -------------------- - ____ ---------------- 3096 
Windsor et al ----------------- · ------·--------- 4653 
Winnemuch No.2-------- ----- ----------------- 622 
Win nor •... ------------ - ...•... ----------------· 14727 
Winona ------ ____ .•.. ..•• ________ ---- ·-··-·. ... 2317 
Winter-------- - _______ ..•.•..•• ____ ··---------- ~21 
Winter.------- ..•...•• ----- ----........ ........ 96 
Wintry _____ --- ---- ... ---------- ---------------- 5649 
Wisconsin .. ------ . _______ •••. ----- - ____ ••.. · --- 522 

·wolcott et a!.. .. -------------- ____ ••. ___ •• _____ 7759 
WoUtone ---- -- ------ ------------- -------------·- 533 
Woodbine.----- --- -------- ____ ·---------------- 13940 
Woodbury----- -- ------------------------------ 707 
Woodlantl et aL---------------------------- ---- G029 
Woodruff -- ----- •.. ------ •••. ____________ -----· 729 
Wootten placer. .•• -------------------------- I. subd. Wren et al. •.... ____ ___ __ ______________ __ ______ 13850 
X. 10 U.S-----------------------·-------------· JOT. 
X. Y. T.-------------- --------·----------··-··- tiO 
Xmas------- ----------------------------------- 6Tt9 
Yale ____ •.. . ------------- ____ -·-···-----·-··-·· 3216 
Yalu ..•. ____ .••• ------------- .•. ---- --- ---- --·· ~ 
Yalu o. 2.---- ---------- --------------------·- 10382 
Yamagate -------- ------- -----------··· -····· · · 17923 
Yankee------------ ···---- ------------- ........ 13021 
Yankee Blade . -------------- -----·-·-·· ··· •••• 3029 
Yankee Boy--- -- ---·---------------·-··· ··-··· ~ 
Yankee Doodle---- ------ ---------------------- 825 
Yankee Fraction _________ ___ _ --------------.... 1351 
Yankee Girl et at__________ _______ ________ __ ___ 10183 
Yaqua et al .....•. --------------- ------ --·-···· 11468 
Yates------ .• ------ ------------------·····----- 802 
Yellow Chier --------------- ----- ----------- --· 4!MII
Yellow Jacket---- ---·----- __ ----------.------· l49t 
Yellow Jacket----- ------ ---- --------------·--· 44!Ht 
Yellow Jacket----- ---------------------······· 6!4() 
Yellow Jacket-------··-·· --- ----------- ------- 9309-
Yosemite -- -- ••...• ------ ••• ------- •••.•. __ ---- <1.4 
Young America .....••••••••• ------ ----- ----- -- 285 
Young American et al. (2) •• -------------------- 188~ Young America placer. ________________ _______ I. subd, 
Young Canadian-------- ---- ---------- -------- 1893: 
Young Caribou---- ____ ---- ---- ------·- ........ 579 
Ypsilante ---------- .••• -------···-------------- 662 
Ypsilante o. 2-----------------------------··· 7923 
Ypsilanti r o. 2------------------------------- - 1499 
Yuma.-------------------------------- --- -- -·· 9846 
Zanzibar et al •••• ..•••• --- - ------------ •••• ---- 12389 
Zebrn .•••. --- ------ -------------------- -----··· 95~2 
Zeolite ••. ... ------------ -------------------.... 5729 
Zillar et al. ....• •. . .••••••• -------------------- 9894 
Zion et al .... ---------------------······---···· 16910 
Zion o. 3.---------------------- -------------· 13770 
Zoo------------------------------··---·-------- 10f12 
Zulu -------- -------- ------------------ ••.. ---- 1455 
Zulu King----- ----------- ------- --·· ---------- 1HQ 
Zuni placer------------------ ----- ----- -----·· 4436 
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' arne 

Albert A. Blows--- -· ·---- ·· 
Almon ------------ .... -----· 
Arkansas & Lucky ... .. . . •.. 
Aspen ------ ------------...• 
Asteroid ---------- ---------
Ballarat--- - ------------- -·--
Dat•s --- ----- --- ------- -- ---
Burton ------ -------· . ------
C. ------- -- - ----- ---------

erlew • lt\amingo ....... . . 
b~<pman ..... . . ··-····---· -

Clint. ..... ----- ------· _____ _ 
Comet ------------ ---- ------
g~~::; -~~~~~~ ::::: :::::::: 1 

------- ........ , 
---------------
------ -- -------

Dipper---- ----------- · -----
Ednl\ -----------· · .... ..•... 

1 
Emma & Mable ------------
F. B - ----- - -- -------------- 
F. D ·····- ---- ------- - ------Frank _____ _ •...•...... ----- · 
Fuerstlcn ------ -------------
George fl ...... . . ... . .. --- ---
Gold Belt--------- ---- ------
0 rani te --- - -- --- --- · •• --- -- -

~ d~s~~~e_::::::::: ::::::::: 
Hexagon-- ··----------- ------
8 iawntha ------- ____ __ -----· 
B utchinson ------ ·--·. -----
Indus ------------ - . •• 1 •. ...• 

Mineral 
entry 

0. 

361 
335 

4527 
01392 
2250 
3271 

47 
333 
350 

2 2 
11 

332 
2240 

45 
2252 

on92 
334 

2967 
2255 

291 
1 60 

01123 
351 

13 
4 

15 
5215 

01:192 
2245 
743 

2262 
3015 

01206 

J . D -- ---- - - - --- - - - ------ -- · 
Key------------. ------------ · 

3933 
290 

3061 
949 La.ura and Daisy-- ----------

Placer claims in legal subdivisions in Lake County, Colo. 

Location 

23, 

12, 

14, 

Mining 
district 

California. 
Do. 
Do. 

160.000 Box Creek. 
160. 000 I llope. 60. 000 California. 
160.000 Do. 
160.000 Do. 
40.000 Do. 

0. 000 Hope. 
144. 900 alifornio . 
100. 000 Do. 
100. 090 Hope. 
100. 000 California. 
151.000 Dope. 
144.55 Box Creek. 
100. 000 Californ ia. 
40. 000 ugar Loaf. 

100. ooo nope. · 
100. 000 alifornia. 
160. 000 St. Kevin. 
40.000 Box reek. 

120. 000 alifornia. 
100.000 De. 
40.000 Do. 

160. 000 Do. 
162. I " Do. 
40.000 I Box Creek. 

150.060 Flop . 
160.000 I nliforoin. 
163.080 Hope. 
70.830 California. 

100.000 Lake Creek. 
70. 000 B ope. 

160. 000 I alifornia. 
100.000 Hope. 
160. 000 California. 

I arne 

I Lil Llo Sister--- · --- ---- -------

I 
Monilia ----- · ---------------
Met or ------ ------------ ---
Mike ------- ------------- ---

1 Minnehaha -------
Mount Elbert. . . •.•..••. .•.. 

I 
ational nion ...• ..•.••• 
oil Mertens·---- ---······· 
cllio Hayden ···· ·····-···· 
GW York------------------

01<1 Dull ion (2) •.•.•. •• • ----
rcgon Gulch .•. .•. . . .• . . . . • 

Orion ------------------- ···· 
Oscar- -----------------· ·-·· 
Paragon . ...... ____ ---·· · . •. . 
Parson ·· ·----- .. . .. .•. ... .. • 
Pcrcheron ....••. .... ------ . . 
Perley .. ------------ .•.. •. . . 

~~~r:~~: _·:::: ::::::::::::::: 
Quig .... ------ -------- · · .... 
Hhododendrom · ·····------· 
Ho e .• . .... ------------- •.•. 
Rupert - -- -----------------
an Jaun .. ••••.•• - --- ---~- -
tark and Beron ------ ·-··· · 
tarlight --------------------

Tenderfoot . . ------ .••. •.. _ . . 
'rho . L. Derby- ------ · ·· ··· 
Tho.•. McMichoals . •..••••.• 
Triangle ------------------ .. 
Water Wberl - -----· ·····-· · 
wm. Byrd Pngos ·· -- ----· -· 
Wootten----··· ··· ······ ···· 
Young America ....••..•.... 
Zion o. 1 and o. 2 . . .•• ••• 

Mineral 
entry 

o. 

I 

Location Area 
(a res) 

Mining claims in Lake County, Colo., officially surveyed for patentjrom ept. 10, 1870, to July 15, 1925 

[From records of U. S. General Lnnd Office] 

Survey o. 

44 ------·· ·· ·- -----· 
45i.. .•.. : . ...•.. . . ..• 
46 ••• ••• : •••••••••• • 
47 ·· · ···-- ·· ------ --48 __ ______ _ _. __ ___ __ _ 

49 ····-·· · -- - - - - --- -
100 · ········ · ·-··· · · 10 _, ___ : ..... •.. ..• 
ll6 - ---- ------ ---- - -
124 ... - --- ----- - ··-· 
158 ····-··· - - ----- -
150 - --'-- - - - -- ------ -
176 ---·--- - ---- ------
178 - -- - - -- ------ - --· 
188 . . . ------- ----- --
216 • •...••..••••.•.. 
217 · ········-······· 
218 - ---- -- --- - - - --- · 
224 · ··· - ·-----------
229 · ···· ----· · · ····· 
232 · ······· ···-----· 
233 - ------- - -- ---- --
235 ••• -------- ----- -
236 . ----------------
237 ••••••... ···•·• • • 
238 .---- ------- - --·· 
23Y .... • • .••• .... .•. 
252---- ------ - -- - - --
253 •• . ----- - · -------
254 - - -------- - ------
255------------ - ----
256- - ---------------
259 am ..•..•••.••.. 
271 . ·····-·· · ······· 
274 · · ········-··-··· 
275 -··· . ·--- . ..• •.• . 
277 ····· · ··---······ 
27 ---- -·-·····-···· 
2711 ---- - .••• -- . ..••• 
280. ·····-···· ·-· ··· 
281 . . •••••••.••..••• 
282----- -- ------- ---
283 -------- ---------
284 •••••••••······•• 
285 -·····-·· · ······· 
286-----------------
287 - ----------- - ----
288------------- ----
292 -- -- -- ---- - -- · ··· 
293---- - ---- - --- ---
!94 ------- - ---------
295 - - -------- - -- ----
297 ----- -- --- -- --- - -
29 -- ---- - ------· ··· 
299- ---------- ------
300 ---------- -------

Name 
., Mlnernl 
entry ' o. 

Y osemity . . •. . .••.•. .•... . .. .... ........ .... .. . ..•... ... . --- ----- -- ...... .... . 
Hattie Jane ... --·-·· ··-·····-·········· ···-·······-- ---- ........ .. . . ..•. .••••• 
Froo Gold ------ ··· · ·····--------·-····· . . ............. . . ... ... .... . ---- ------
Solux 'riyoo ------------ ·-······ · ··········· ···· ······· ·········· ·· ··-·· ·----- 9 
California ............. . . . .•.. . .....•.......... . ... : ... ... .. ..... . ... ... ...... o 10 
Printer Doy .. . .. . .. ...... ..... ..... .................. .. ----···· .. .. . .. . -- ----, 1 t 

~~I*~~~~~?~·!~f~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~: ::~~:: 
0. D. & F . Co. placer---- · ·· · ···· ······-----~---··· ··-·········· · ··- · •.... . .. , 133 
Washington Onlcb placer . ........ -- -······ ·· · ······ ········ ·--·-·------ ------ 95 
Boutwell····· ····-······ · ········ ····-······· ·····----· ······ · ··· ·······--· -· ••.. .•..•. 
Mountain Gem .. ••. . •..... . ....... .. ... ... . .. . . : ..... ....••.••• . .. ... ...•.•.. .•. .•..... 
Bonanza •. •...... . ------------ .. .. ... ..... . .. . ...... . ...•.. _ .. .... ------------ 100 
Lime . ..•.•...••. ..... . ......•...... : .. ······· ··-- ... . .... ······ · · ------------ 114 

to no. ----- . ·--· -------- ............... . ........ ..... _ . . ....... . ....... ------- 120 
Rock · ···· · -············-----··· -- -----·········· ········ ···· · ··----· ··· ------ 115 
J.D. fiill ploccr ··········-··· · -· ·· · ·· ···························· ······· ··•·· 12a Vesuvius... . ... . ........ . ........ . ..... .. ... . ..... . ............ .............. 124 
D u lis Eye . .. .. ... --- . ....... -----------.------ . . . . ---------- .......•.... ______ 126 

Location Are 
(acres) 

Iron········ ---· ·· ········· · · · ·····--·-· ···· ··-·· ·········· · ··-·· · ···--·------ 125 30- 9-79 9. 700 
Buckeye __ ___ ----- ..•. •.. - -------~- - - -- .. ..............••....... .. . _ .. ------ · ···-- ..................•..•. . .....•••.• 

~~t~~~=== :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: .. -- -~~--. --... ~~~~-~~~-' -.. :~~ ~-
F~l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~=~ ~ ~~~~~ =~~===~~= ~~ =~= ==== ~= : ::::::: i:~ 35

' ~~9-~~ 1g: ~ 
J.D. Dana........... .. . ... . ... ........ ............. .... .......... . . . ......... 146 32-9-79 9. 73 
Actinide...... .. ....... . .. . .... . ..... . ... .. ......... . . ...... . .................. 1091 1 79 10. '1'2i 

~t;l~b~:~~~::::::::: :: ~:== ======== = ==== ===~======= ==== = = =~=====~=========::::: i 2 ~9-79 I I~:~~ 
§~~~:;~e&.Leiier.piacer:: :: ::::::::::::::::::::::: ::::::::::::: : :: :::::: ::::: : 1 15~ ~~79 

' 298.32 

~~:~~!~ ~it.;;~~-pi·;;;;;:: :::::::::::::::::::::::::::::::::::::: ::::::::: ::::: : - - --- ~~--- ~ ~~ 1 ,~: ~ 

g;!~i~~~~~~~~~=~~~~~~~~~~~=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f~ ~JEE~~ I li: ~ 
T . S. Wells & Wm. Moyer pla-cer ...............•• .. . ..... ____ .. ·· ··---------- 155 29, 30, 31,22- 79 193.43 

l~~f~~~:;-:~m--mmmm~---mm :mmm~~: -- :~~-~~:- 1l :: ~~ , ,:~~ 
Chrysolite · · ·· ·-· ·· ·-····· ······ ····················· · ·· · ···------------ ------ 179 24- 9-80 10. 25 

~~;!~~~;~~·~;:==~~~~=~=~:~~~~~:=:::~~~~:~~~mmm~:=:~~:=~~m~= ~~~~= ~ "· ~ ,! ~. 
Oam_bctta -- ------ - ----- - -- ---- - - ---- - ----- - -- ---------------- --- - ------ ---- -- 2945 24-9-80 7. 867 

te~~~oyer"place~:::::::::::::::::::: :::::: : :::::::::::::: :::::::========--- - 1rU ~~~;~ 1 s~: ~6 

• Canceled; no !Jatent. 

Di tricl or pbct 

!lope. 
Do. 
Do. 
Do. 
Do. 

California. 
Hope. 

Do. 
Do. 

ll omestake. 
olifomia. 

flope . 
Do. 
Do. 

alifornln. 
Do. 
Do, 

\\' lllow ree.~ . 
Twin Lates. 
Cali'ornia. 

Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
l)O. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



MI I G CLAJMS IN LAKE COUNTY 

Mini1~g claims in Lake County, Colo., officiaUy surveyed for patent from Sept. 10, 1 70, to J uly 16, 1926-Continued 

---survey .ro. 

....---

~~~Hl~ii~~~~~~~ 
~I .. . - ----- .. - -----
j]i .. -- - - -- -- - ·-- - - 
:;1 .. --------- -- ----

D, ----::::::::=:: 

arne Mineral 
entry o. 

---------------------------------1------
Locat ion Arllll 

(IICI'es) 

i:~rff~t~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ - ---~:-- -- -- ---~~~-~::~- ---j!~~--
Ida ' l'~'C - - - -- --- - ------------------- ---------- - ------ -- ----- ------- --- ------- 3368 24-9--80 . 94 

k~~e-rt-E'.- r.:;;c ~~ ~ ~ ~~~ ~~ ~ ~ : :::::::::::: ~::: : =~ ~ ~= ~ ~=~~: ~~ ~ ~: ~:: :::: :~ ~: ~: ~~ ~= :: -----i 7<i- - -------- --i~ii:.:7o- ----4:77--
~~tS:!t 'Emme i~ :::::::::::::::::::::::::::::: : : : : : ::::::::::: ::: : :: :~:::: :::: ~~ l~~~~ 10: 3~ 

77 24-9--80 6. 9 ~----- ------ American J;:agle And mill it;c ___ ____ ___ __ _____ ____ _______ ______ ____ ___ ___ _____ bl005 24- 9-80 6. 89 

-- --- -- ----- - Mor~~~f a~~~iii siie :::::::-: :::~==~~== ==~~~ ~~=~~ =~:::::::: :::::::::::::::::: mb 19' ~7~ 1:: ~~7 
Imes ___ ___ _______ ------ ------ ---- --- -- --- - ----------------- --- --- -- --- -- ---- -- 75 3o-9-i9 . 504 . 

251 1 19--9- 79 2. 419 
~ 1 3 24~80 9. 95 
193 24---9--80 10.31 
191 24-9--80 

1 

City lots. 
4569 19, 3o-9-79 . 2 
202 3Q-9-79 10.33 
196 12- 9-79 7. 49 

25-9--80 10.33 
1764 25-9--80 8. 801 
217 25, 26--9--80 I i2. 12 
239 13, 14- 9--80 77.37 
206 2.1~80 2. 60 

• 243 13-9--80 2. 14 
•1832 24~80 4. 315 

2951 24-9--80 .,r;, 21 
565 23, 24- 9--80 62. 07 
219 27- 9-- 0 19.13 

-- ---353-- -------- ------·---0- ---17:-9--
246 13-9--RO 19.01 
357 11,12, 13,14~80 160.00 
356 l, 12- 9--80 160.00. 

··------------ -- - 7. 55 

~:: :::::::: ~~!f~~,~~~~:~]~~]]]]:-_]]~l_:~~:-~~]=~ --]]~]]]]]-~]~::]]:]::]]~]-~:·:: -- :~----- --:~----ii~-
. --------------- ~~.cJ~~~~£~~:i~_~~~~~~~~~~~~~====~=================~==~==============::::::: :. ------~- ___ 1 _1_2--1-: -~~4~=po80-~ --1-~ .. ~;~3- · 
·-- -------- --- --- D1tch plntcr ______ ... - -- ------------------------------ ... - ------ .. ------ ~ 1 ' ' ·")·~79 JO.Js 
----- ---- ------ Louls\' llle -- -- --- --- -- -- ---- -- ----- --------- -·------- --------·- 2io I 24~80 .07 

:~::::: :: :::===~ r~f~~~~~re;r~-~~ : ====::::::==========: ::=:::::: ::=:: ::====~==:::: ==:::::::: :::: 22~ 22E7~ I JH~ 
P1t ts bu rg - ----- ---------------------------------- - -- ------- ----- ----- --- -

561 
J\r 6

1 

•• 71~7980; } 
155

. 
.... _ ---------- Ark n ~ns p:ncrr _ ----------- -- --------------------- --------- - --- -- - · ---- ~,..--
_,, ___ ----- -- Oro placer ------ ----·----- ----------- ----- -- -- -----·::::::- _:::::_:::: ------ --i- ------- ---ijj::~79- ·---9~7---
... ________ ______ 1 omstoek ro. I - ---------------- - -- - -------------

2
u 24-9-- ~. 75 

. :: ::= -~=~-=====-= ~!li~1~l~=========== ==-- _____ -_- ::::- _____ .. _ - -~--- ------- .. ---------

. ..... _____ __ ____ Judge P~nd ry __ •• - - - ------::::::::::- __ ::: 

"·--·----- ------ t!!fr~~c':.~ ---~'-!::::_ ::::: ______ ~= ~- --~~ ::::::::::::::: :: __ ---- --- -- --- ------ --
... _. ____ ___ ____ _ All H ight_ _________ --·------- ------- - ---- -- ------------------------ -

Kit nrson __________ -- --- ------------ --------- --------- --- -· -----------
. ::::::::::::::::: __ ~~~~g'~_r_e_r_ ::_--~~--_-:_-:::::: :_-::_-_-_-:_ :_: __ ------ ____________ ::: __ ::.:::::::: ------284- -i3~i4~23~[::~~- --~~~:~--

..... _______ _____ l lko __________________________________ --- --- -- ---------- ~~ 29,3o-9-79 10. 26 

..... _____ ______ _ 'fhomus ' la rr ------------------ -- --- --- .------- --- ------ - - S2S4 1. n 
am .---- - ----- - Oood II ------ ------------- ----------------- ------------ -- -- 5283 ·----- -- ------------ 1. 72 
1111. ___ ___ -·--- Onrd incr_ ___ , ___ --------------------------- -- ---- - - --- -- ------ ---- ------ 22S I --- --- -- - -~9:_:-- - 5. 095 
.... _____________ Dead Broke -- - ---- - --- --------------------------------- -------- -- ~10 19--9--iR 4.48 

District or place 

California. 
Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do . 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do . 
Do . 
Do. 
Do. 
Do. 

Do . 
Do. 
Do. 
Do. 
Do. 
Do . 

Do. 
Do. 
Do. 
Do . 
Do. 

Twin Lakes. 
California. 

Do. 

.. __ ----------- Hibernia ___ ___ ---------------------------- --- ---- - ----------- ------ -- ~02 13-9--80 10.34 

::::::::=== ====== ~t~~~~~~======~====~========== = =====================::::::::========= ==== ~:r l9-

79

. tt7~ t :r \ .... _____________ Colorado lucr _ ----- --- -- ----- - -- - - -·-·--------------- -- --- - ------- - -------- ~ 
249 

24~ o 5. 

.. ::_:::::::::::: :~z~~~i~~~~~~~~~~1Em~~~~~~~~~~~~~i~~~~~~~~~~~~~liiilllllliiii~~~~l~lii~------:u- -- ---- ----~~~~r ~--- li:F-1 

Do . 
Do. 
Do . 
Do . 
Do. 
Do . 
Do. 
Do. 
Do . 
Do. 
Do . 
Do. 
Do . 
Do . 
Do. 
Do. 
Do . 
Do . 
Do. 
Do. 
Do. 
Do . 
Do . 
Do. 
Do. 
Do. 
Do . 

• canceled; no patent. b Mill site canceled. 
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342 GEOLOGY AND ORE DEPOSITS OF LEADVILI.£ MINI G DI TRI T, OLOR DO 

Mining claims in Lake County, Colo ., officially surveyed for patent from Sept. 10, 1870, to July 15, 1925- 'ontinued 

Survey o. arne Location Area 
(acres) 

457 _____________ ___ _\ Eliza ---- ------------- --------------- ----- ------------------------ ---- ---- --- - ~ ~ 
!so::::::::::::::::: John B. Raymond mill site •• ------------- ---- ------------------------------- 28 9 79 ~~ ~~ ~O-

m ]~=:::~~j~~ ::~: ~~l~~~~~,~~~;;~l;;;~l)l~;;;~;~l~;;;l;;;;~;;ll;;;l;;l;;l]ll;~ll~;;;;; ·····~ 
1 
•••••••••• ~~· ·4-~;· II 

470----------------- 1atchless ---- ---- -------- ----- --- --------- ------- -------- --------- ---- --- ---- 2 1 9-79 4. 43 Do. 471 _ ---------------- Eclip __ __ _____ __ _____ _____ ____ ------------ ____ ------------------------ ---- ____ 1536 20, 21- 79 7. 67 Do. 
472--- -------------- Jamio Lee-------------------------------------------------------- ------------ 247 1 ,19- 79 9. 76 Do. 
473am .. ---- -------- Orand l'rize ______ ·---------------------------------------- ------------- ----- ' 6 :10- 79 4. 51 Do. 

m ~~~~===========~= ~r::~~~D~~~ ========~=============:::::::::: ::::::::::::::::::::::==~======= -----;~~r -------- --~=~Jr ---if ~r gg: 
:~ :============ ==== ~~~; ~~::: ============~=======::::: : :: :: :::::: := == ========::::::::: ::======== = 3m ~~=9-7~ ~~: ~~ g~ : 
4 1----------------- Emmett__ _____________ ______ _____ ______________ ______________________ ___ _____ 232 25- 80 . 60 Do. 
:s~ ::::::::::::::::: ~~~::::bt_o~_::: :::::::::::::::::::: :::~::::::: ::~::::::::::::::::::: :::: : : :::: ~~ ~~~ 10. ~~ ~~: 
484 ------------ ----- Will iam Penn---- ------------------------------------------------------------ 251 20-9-70 90 Do. 
:~ :======== == ====== ~hrl~d~lghr:~-~~~~~=========================================================== ~~ ~;~ u~ ~~: 
4 7 -----------------· General Cadwallader ..... ---------------------------------------------------- 252 2(}-9-79 U. 50 Do. 
4 ----------------- Dillon ... -------------- ------ ----- -- --------- -------------- --- --- ---------- --- 226 24-1}-80 5. 6 Do. 

irl =:~~~~~~~~~~~~~ ~i~~:~~~=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ iEE~! 
1

~ ~ ~~~ 
493 _ ------ ____ ------ 'au til us.----------------------------_____ ------------------------------ ---- ------ ---- -·---·---- ------- ---- -------- --
494 ------- ---- ------ Alice--- ------------------------------------------------------------------ -- -- 237 28- 7U 9. 17 

~H ~~~~~~ ~~~~~~~~~~ ;~:~E~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~=~~~ ~~~~~~~~~~~~~~~~~J t!~ 
1 

• ~E] t H2 

5 =========~======= rlif~!~~~-f~-~--=::::::: :::::::::::::::::::::::::=~~=~==~==~=~ == ~===~~= ~ ~ ~~~===~ ____ -~~-'------ --- -~=~~~~- ----~~ ~~ -
~ ::::::: ==== ====== g~~~~==:~ :::: :::~ :::: :::::::::::::::::::::::::::: :::::::::::::::::::::::::::: 1~~ • :~9-~~ g: h 
508 ------- ---------- Tankerstown _______ __ -------- _____ _______ ----------------------- _ ------------ 1197 29-9-79 10.33 
509 ----------------- Little Miam L ----- --- ____ --- - --- - --- - ------ -- __ __ ___ _ ----- ------------------- 27 19-9- 79 6. 919 
510 ------- ---------- Independence ------------ __ ______ ____ ·----------- ____ ---- --------- ------- ---- ·----- ---- ------ ---- ---------- ------ --- -
511 ----------- ------ Virginius. -------- ____ --- ---- ------- ------ ---- ____ -- -------------------------- 3176 21-9-79 7. 967 
512 -------- ---- --__ _ ham us O'Brien _--- -____ -------- __ ____ ______ ---- _____ ----------------------- 2957 19--9--79 . 83 
514 ----- ------------ Homestnke ------------ ------ ------------------ ------ ------------ ------------- 1 4- lo-79 . 15 
516 ____ _ ---- -------- Tribune _----- --- __ __ ------ ------- --------------------- ------------- ------ ---- 1454 29-9-79 10. 33 
517 ----------------- Little Mack ___ __ ____ ------ --____ ---------- -- --------------- ---------- -------- ... _ ----- - -------------------- ----------51 ----------------- Little Jonny______ _____________________ __ ___________ ________ ___ __________ _____ 1633 21-9-79 10.33 
519----------------- Bomestnke No.2--------------------------------------------- ----- --------- -- 662 14- - 1 10.33 
520----------- --- --- Bomes1ako No.1.-------------------------------- -------------------------- -- 563 1 -81 10.33 

!i ~ ~~~~ ~~~~~~~~~~~~ r~~~~~~~OI~~~~~~i~~~X:~~~~=~~~~{~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ -----~~- ~ ------ - ---~~~i- ---~r~-
530 ----------------- Del Monte___ ___ _____ ___________ ___ ___ __ ___________________ _______ ____ _____ __ 2965 19-9-79 .1 
531 --- ------- ------- Prospect..--------------- -------- -------------------------- ------ --- --------- - 1 6 25--9-80 6. 3611 
532------------ -- --- A ztcc .. ------ ________ ---------------------- ---- ____ --- ----- ------------- ---. __ 1043 19--9--79 5. 632 

~~ ~=~:::::::::~:::: ~f~l~~~~~~~~~~~==~~~:::::::::::~=~~~:::~:::::::::::~:::::::::::~~~~:::: ::: ~ i~: ~LL~~ ll g~ 
536----------------- Brookland ___________ _______ ___ __ _____ __ _____________________ __ __ ___ ___ ____ 5270 24-1}-80 1. 2 
538----------------- Robert Borns____ __________________________ __ ______ _______ ____________________ 1695 1 210-ll-79 9. 9 
539 ---------- ----- -- Bigblnnd Mary-------- .. ----- -__ -- --- ---·---------------- --... ____ ------ ___ .. 311 20-9 - 79 6. 60 542----------------- Little Alice ____ ____________________ ____ ________________ _______________________ 2322 2(}-9-79 4.09 
543 am_ ___ __ __ ______ San Jose ... ------------------ -----------_ ------------------- ----- --- ---- ----- _ 3736 21-1}-79 6. 084 
545 am ___ _____ ______ Titan --- ----------- ------------------ ------ ---------------------------------- ~~34 1 21_ ;~ ~ 677 

llii~ii~~~:~;;;;: ~~!IG·;;;;;;;;;;;;;;;;;;:rilii\fl~~;:;;;;;;[~i;;;;;:;~;;;;;~( ..... ~.~ ........ E~ ... J ~. 
g~ ::::::::::::::::: ~~!i~J!'-~~~~-i-c~:~:::::::::::::::·.~:::::::::::::::::::::::::::::::::::::::::: 1~~ ~~~~ ;. 3~ 

llliii~~~:;;;;;;i:ltt~B:;~;;;;;~;;;i~:;;;;;::;:~:;:~:!;;;;;;;;~:;;;!!;!;;;;;;;;!~;, --·-.1- -- ---: m· ·· l i;-
m ======::::::::::: ~~~~~ ~-~r-i~~: :: ::::::::::::: :::::: : : : ::::::::::::::::::: ::::: :::::::::::::: ~ ----------[[[tf -- --r~~- , 

m :::::::::::=====~ t~:t~~~~-~:~::=~~:::::::::::::::::==~=:~::::::::~========================== 1~ 27. ~~~ :~: ~ 

m ~m:~mlmm t~~;_mmm=m-!-·-m!=--:=m-~~- --- !--~- -·=~~!~---~.-_-~--~!==:~~ ·a ~ g~ :1 ~ 
• Canceled; no patent. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

EmJ?ire Gulch 
ahrornia. 

Do. 
Bon1eslake 

Do. 
alifornia. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Da'. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



MI ING CLAIMS IN LAKE COUNTY 

Mining claims in Lake County, Colo., officially surveyed for patent from Sept. 10, 1870, to J uly 15, 1925- Continued 

survey No. a me Mineral 
entry No. Location Area 

(acres) 

= = ::~~:~::~~ :: : ~~~;~,illm~~:m--mm'\\-m-:--::~:m:::mm_m:-:':~~ :::::;~: ::::::::::~:Tl :: :1-i: 
~ -------------1 Columbu.• ---- ---- --------- - ------ ---- ------ - --- --- -- -----~ ------- - ----- -- -- - 1 254 3()-~79 10 02 

:~::: :: :\- ~~- ~ t~~f.I~.),:_!-~:-!_:!\ --!_:-:-::::_--_1-~: __ -:~--~-:- :-!:~~:mm:-~ -~ ... :if~ :~ ~ 
1 :::: ______ -- -- - - - Little Annie . .. . ---- ---------- ----------- --------- ---------------------------- 316 21---1}---79 10:33 

-~---- -- ------ - -

-----------

----------- ------

31-~79 
~~~79 
32---1}---79 

-··--:i2=9=7ii- ----------
32-9-i9 
~~79 

20,21-9-79 

10.226 

------- --·- - - ---- 0 reenwood .. - - --- ----- -- ------ ------ -------------- - ----- ----- - ---- ------ ...... ___ 271 ----------jg::g.:.:.79- ---iO~i7--
Kobinoor ------------- -- --------------- --- ------ ---- ------ ---------------- -- 3015 21---1}---79 7. 05 
Elmore. -------------------------- ---------------- ____ -------------- ---------- 2015 21--9-79 10.20 ew Foundland ______ __________ ______ ___ ___ ________ ____ __ -------------------· 2642 28--9-79 10. 33 

Black Prince ----------------------------------- ----------- ------------------- 3700 20, 21-~79 10.00 
'ora Be11--- -------- ------------------------------------- · --------- ---------- 2554 19-~i9 5. 529 

Olive. ------- ---------- ------------------ ------------___ _ -------------------- 307 28-~79 10. 33 

··--- -- - - -- ------ ~8u~~~btnoch ·::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::: -- -- --=~:- ______ -~~~~~~~~- - --~~~ ~--
~ :::: ::::::::::::: Warsaw -------,---------------- ------------------------------------ ---------- 94 22-~79 9. gg 
o .... ------------- Hoodoo _______ ____ __ --------------------------------------------- --- ------ ---- 007 6-IQ-79; 31-~79 10. 33 

: ::::.======= ====== ~~~~-e;;-;:: ==== = ==== = = = =~==== ========== ======~====== ==================== ====== • ~m 6-1o-r~: ~=~ 1~: ~ 
"'·------------ ___ _ A mella _ ------ _ -- ---- -- -- _______ __ _ ---- -- ---- ___ --- _ •• ---------- ------------- ----- - ---- ---------- - --- ---- - - ----------

: :::::::::::::::: ~~i~~~a~nr:;;~::::::::::::::::::::: ::::::::: :::::: :::::::: ::::::::::== =~=== ~~ 20
' n:=~i~ ~: ~ 

lil .• ----·---------- Luck ---- ---------- ---------------------------------- ------------------------ 347 26-11-81 10. 32 
·-----·-- -- --- --- M ahala _________ ___ __ -------- __ __ ------------ --- - --- - ---- --- -- ---------- - -- --- 31 1~~79 9. 43 

11 ------ -------- - 
I) -- - ----- - ---- -- --
11 .----- ------- ----
IL _____ ------ ----
11..------------
IL--------------· 
li ... . . . . -------- --
•------------ ---
IL---------------

Sedalia ------------ -- ---- __ __ -- --------- ------------------------------ -------- 298 21- 9- 79 10. 33 

§~~~~~ope.'~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: : ~ 12, t~=~t l~: ~ 
yg;~~t!soiii:::::::::: :::::: ::::::::::: :: :::::::::::::: : :::: ::::::::::::::: {~ ~~~ t ~ 
Lake County-------------- -- -- ------ ----------------------------------------- 536 13---1}---79;1 ---1}---80 7. 42 
Kannoshia __ ___ ___________ ------ ------- --------------------------------------- 272 &-1o- 79 10. 16 
Mount M!ISSi ve placer.-- ----- -- --- ------- ------------------------------------ 449 25-~1 09. 68 
Idaho . . __ -- -__ ___ __ ------ ___ __ ____ ---_ ••. _--------------------- -------------- ---------- ---------- ---- ------ -------- . -

··----- ------- --- Irene __________ _______________ _____ ____ _ . ---- ---- - -- ------------------ ----- 34H 28-~79 4. 116 

Lead ville ________ -- --------------------------- -------- -- ---------------------- ol985 ----------;~·-;;--7-9-- - - - · 6-~77--·ilver Wave----- --------------- ---- ------------------------·--------------- 433 ~ 
Town Talk ------------------------------ ---- · -------- ------ ·----------------- 1418 35---1}---79 10. 3.1 
Cordelia Edmonson.----- ------ -- -------- -------- --------- -- ----------------- 3259 1~~79 3. 6&1 
Steuben------ --------------------------------------------------------- ------ 337 7-~79 7. 00 
Frank ------ ---- ------ ------------------------- ------------------------------- 785 ~79 10.33 

·----· ------ ---- Little Champion ------------------------------------------------ ------- ------ 281 1 -9-79 7. 70 
- ---- ----------- Wilson -----· -------- ------- ------- ---------------------- ------------------ ---------- -------------------- ·---------
·------------ --- - Kennebec •.•. ---- --------------- ------------------------------------------ 1177 1~79 7. 47 
·---------------- Williams ---- ------------ ____ ---- ------------ ·-------- ------- ----- -------- ---- 25S2 32---1}---79 5. 9 
·-·-- -- ----- - -.-- w all Lreet - --- -- - - - - -- ---- - - ---- - --- - --- -- - ---- -- - - - ------------ - ------ ----- - ------ ---- --- - ---- ---- --- - ---- ----------

····------------·--------------·····------ -----···-- -----------····-----·-------

···-------------

···--------- --·--

~~:~:::::::J}~~f;;:i~iiiiiiiiii;Jii2:;;:;;:;;;;;i;;~i:;;:;;i;;: ;~;i;i;;;;;i(---~- ~- :- _-_-_----~ -::_:!\~, 
•Canceled; no patent. 

District or pisco 

California . 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Lake Creek. 
California. 
St. Kevin. 
Sugar Loaf. 
California. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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344 GEOLOGY A£ D ORE DEPOSITS OF LEADVILLE MI ING DI TR.I T, COLOllM10 

M ining claims in Lake County, Colo., o.ffwially surveyed for patent from S ept. 10, 1870, to J uly 15, 19.e6-Continued 

Survey t ro. Name Location 

i~ ::::::: :=:: :::::~I r::::~.~~~ ~ = =:::=::: ::::: ::=:::: = := ::::::::: :==:==: :: ::=:==: =::: ::::: ::=:: = r:::~ 
m ----------------- Woodru!f ___ ____ _____ _____________ ---- ------ -------- ---- -------- ---- ---------- 19-9-70 
730 ----------------- Logan---- -- -- ---- ---- ------ --- ----- ----------------- ---- -- ---- ------ ----- --- 19-9-70 
731 ----------------- Eric------ -- -- ----------- ---------------- ----------- ----- ------ ---- ------ ---- 20-9-79 
732 ---------- -- -- - -- Donovan ----- -- -.•.. ----------- ------- - ----- --- .-- -------------- --- ------ ---- 21-9-70 
735 - -- -- -- --- --- --- - M cDermith placer---- -- ____ ------ . __ __ ___ _____ ------ ------- - --------- -----.- 20, 32- 79 
736 __ __ --- ---- --- --- A ILoona ____ ------------- _ ·--- . --------- .. --- - ------ -- ------- - ------ ---------- 32- 79 
737 ------- ---------- Minnnhahn •.••••.. ____ ---- ------------ . ___ ----------. ------ ------ ----· ------- 32-9-79 
738 --- - - - - ---------- Ohio •.. --------- __ ._ ---- -.----------- . . ------ -- --- .. -- ..• --- .- ---------------- 2 79 
739 - -- ----- ------- - hampion . .•• ___ _ -------------- ---- •. ______ ---- .--- ---------------- ---------- 32-9-79 
740 ___ ___ _ - -- --- ---- Mary ------- --- -------- •. __ ____ ------------ -- ---- ___ _ .•...... ____ ----- -- -____ 21-9-79 
741 -- -- -- - --- --- ---- Resurrection ___ _ . •. ---- -------- -____ --------- --- -- --.------- . . ----.- . ---- -- --- 21, 22-ll--70 
742 ----------------- Orion ------ --- ---- --- ---- ------ ---- ••.. ------ ---. ----- --------- ------ --- --- -. 24-ll-80 
743 - ---------- ------ John Mitchell -- ---- ___ ------- ____ --- - __ .. -- -- ---.-- ---- -- ------- --.-- -------- 28-9-70 
744 ------- ---- ------ Cone ____ ---- ----- -- · -- ---- ------- ----------- -____ __ ------ -- -- --------.------- 32-9--70 
746 --------- - ------- t. Joseph------------ ---- ------------------ ------ ---- ------------ ------------ 00 32- 9--70 5. 1 

~~ ~~~~)~;;;;;~~~:~! ~~~~~1i~?:;:~i~:~;~;;i;~;::~;;:~~:;):)~;;;;;~~~)~;~~;:: ;;;;;:;i;!~;: ::Jr::::::: :~~:[;:;~, 
756 ---- ---- ------·-- Emma ••...•...••. ___ .----- ----- -•. ___ . . ..•.• . ---------------- ---- .......... .. 342 29--9--79 . 26 
767 ---- -- ---- --- ---- Little Champion .•. ..•..•.••... .. --- -------- ------------ ---------- ----------- • 6028 10, 20-9-70 3. 73 
i 68 ---- -·--- -------- Little Maud •....... . --- -- -------- -- . . ---------------- -------------- - -------- 2625 19, 20-9-79 4. 86 
~50---- ---- . -------- Florence . •.•.•.. ••.•• ••. •..•...•...• •. __ .•.••• ___ _ ..•. •.• .. . ..•.•....•..•••.•. 1865 24- 1 0. 12 
760------------ - ---- Ca tie View -- --------·--- ----.---- --- --- ---- ----- ----- ---------------........ 475 24, 25- 9- 0 7. 10 
761 am _____________ Printer GirL ••. ---------------- --- --------- - - -- - --- --- - ------ - ----------- - -- -~ 3629 29-9--79 . 27 
762 __ __ . .• •• •••• . •• • Geneva ..•. .•.. .••. ___ . -------- •••• . ___ .••. •.. .•.. ---- --- .••........•.••.. ---- 300 20- 70 7. 4 

m ::::::::::::::::: ~?i~e~~======== :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::: ::~~= ::::::::::~~~~~~~= ::::~= ~~:: 
767 ------·- - -------- Codfish Balls ____ ___ __ ___ . ____ _______ ------- ________ _ ••• _ . . ••...• ---- ---•. ___ 1266 3Q-Q-79 2. 63 
76 am............. Ocean Wave' ____ -------------- ----- __ ------ --- ------- .. -- ---- ... . .. . . . . ...... 1451 3Q-9-79 4. 653 
769- --- -------- ----- King Soloman •••••••• .••• . . ---------------- --- --- · ---- ------------ -- -------- - 343 28-9-79 6. 10 
771 ___ _ •.•• • . •.• . ..• Sangamon ____ . ... ____ _____ ------- .••. __ _ . .... ___ ... •. ···- -------- ••••.•..•••. ---- -- ---- -- ----·· --- ----- -- .•. •••.••••• 
772 ------ -- ·- ------- Florence ________ ________ ____ --------. ____ ----------- -- .... .... ... ............. 15 32-9-79 9. 52 
773 . ••• ---- - -------· William Wallace . •.. . . ------ .•..........• --- ----- --------------- -------- ------ 1912 24, 25-ll-- 0 9. 087 
763--- - - ---- -- ------ H artrord ------- -- --- -·-------- ----- ------ -- ------ --- - ·---- ---- --------------- 339 29-9-70 9. 17 
784 -- ------ ----- -- -- Peoria BOY--------------- -- ---- ------- ---- --- ---- ----------- --- -- ----- ------- 340 29-9-79 6. 7 
787 ____ . ----------- - Chicago placer . ___ ••••.• •• ····-------- -.. ------ -- ___ ---- -- .. •.••. ----------- ---------- --- ------------.---- ---- -- •••• 
788 .••• ____ _ ____ ____ Continental ------ -- ------ --••. ... ____ ..•. --- -- ------·-------------- --. ------- ---- ---- -- ---- ----·- ---------- ----------

Do. 
Do. 
Do: 

Do. 
Do. 
Do. 
Do. 

789 ____ -- ------- - --- LaureL . . . .. ___ __ _____ ---- ____ ------ -~- - - -------------- - ------ -------. --- ---- 427 19-9-70 7. 4 Do. 
700 ---- -- ---------·- A. Y --------- --- ----------- - ----- --- --------- ------- -- - -------- ------ -- -- ---- 314,1327 3o-9-79 10. 27 Do. 
791 ____ . ___ --------- Blind Tom·-------- --------- -------- ----- --------------- . -------------------- 512 3Q-9-70 10. 33 Do. 

~~ ::::::::::::::::. we~~~~rlnt::::;:::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::: : ~~ 28, tt;~ 1 ~: ~ Do. 
796 ----------- ----- Pocahontas------ ------------------- -- ---- --- -----·-------- ------------------ - 57 24-9- 4.151 E~: 
797 ----------· ------ Palmetto & American Flag·----- --- ------- --- --- ---------------------- --- --- 73 28--9-79 7. 892 Do. 

i ;;~;;~~;;;[;;;~ ~il~~~:;;;;;:;t;;;:;)~;;;;)~;;;;;;;~;~))lll;l;li)i;))~l))))l~l~' ::::J :::::::~~~: Jr~ .mil. 0 ·'"· 

~-~~============= ~~~~i~~-========~===::::::::::::::::::::::::: ::::::::::::::::::::=::::::=:: 4;~ 24, n.=~;g ~: ~~4 . g~ 

m ~~~~~~~~~~~~~~~~~ ~~~~~~~=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1m 

19

• ~EU li r:4 gg: 
845------ - --------- Rubie -------- ----------- ------------------------------------------------ 369 3Q-9-79 7. 36 E~: 

~~ ~~~~~~~~.~~m~m ~~~~~~~~~f~~~~~~~~~~~~~m~~~~~~~~m~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~=== - - ----r,~- ----- -- ---~~ii· - -·lr~-- S ug~~~oor. 
i ~ ~[:~:-~,-~---~ ~f~t~~~~~l~~~[~j~~-~~-~[~~~[~~~~~~~~~~--[-~~~-:---~~~~~;~· -----~- ~------~~- ---·~~- ;; 
862----- ------------ D. P . R.--- --------- --------------------- --------------------- -------------- 2239. 19-9-79 3. 10 g~: 

~ ~ ~~~~~~~~~~~~~~~ ~i~~~;~~-~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~ ~~~~~~~~ - ----~ill- ------ ----if=E~i- ---T ~-- ;;: 
68 . • --------------- Roudebush & Moynahan placer.. ____ ---- ------------------------------------ • 947 23-9-80 95. 668 Do. 

870- -- -- ------------ Maudy ------- --- ------------------ ---- -- ---------------- ------ -- ---- -------- 845 28--9-79 3. 76 Do. 
871 ------------ --- - Birdie Tribble_____________ __ ___________________________ ________ __________ __ __ 3196 19-9-79 . 39 Do. 

• Canceled; no patent. 



MINING CLAIMS IN LAKE COUNTY 

Mining claims in Lake County, Colo. , ojfic ~ally w rveyed for patent from Sept . 10, 1870, to J uly 15, 1925- Continued 

survey No. Name M ineral 
entry o. Location Area 

(acres) 
I-----------1-----

.. . ....... .... i~~~l;;:;l;;~~~:ij;;~~;:~:;;;~j~~;;;j~;~;~~jjj~~~~· ~·j~jll.~~~~~~l· ...... ;~ ........... ~~.: ... ;:~. 
9
, ~·==== =_=-_--_-_=_== :::: ~~ tg~·;-c<iilsoliiii!iiiCi--- ------------ ------------ -- -======================== ==== ------885- · ----- -- -·2o::9:.:79 · ... --~ 3o7 · 

------ - - -- ------- ------------------------------------------------
i90.-------------- -- ·----1446- ----------2i:.:g:.:79· --·ia~oo--
!92 .---------------- 1421 21-9-79 8. 211 
!93..----------""" 1434 3Q-9-79 3. 27 
99L---------- .. --- 660 1 -9-70 10. 19 
895..--- .. -------- -- 1572 3Q-9-79 2. 40 
!96 .............. -- - 681 2o-9-70 2. 536 

~ ::::::::::::::::: .~ .......... ~~~~-1 -- .. ~~~~-
i:lJ8lll .. -- .. -·-"""" 1428 33--9-79 ' 9.157 
i:lJ .. ---- --- ---.. --- 1966 10. 33 
~ ................. 878 8. 97 
\!)\ ................ . 
\1)1 .......... -------
(00ant ....... -------
910 8lll .... --- .... ---
913 .. ------- - - -----
Ill .. --------- -----
!IS .------------ ----
916 .... -- ---- , ____ _ 

917 .. --------- - -----
11 .-.---------- ----
119--------- --------
~::::::::: :::::::: Si lver B asa1 ................. .... ................. --- ---------- .. ---- --- ------ 1687 19-9- i 9 7. 61 

~~ ::::::=======~=== ~~r!:q:t~~~~~~~~!~~~~~========~~~====== = :::::::::::::::::::::::::::::::::::: ------~:: . ----------~::;~ ... -i~~;~--
!J9ant .. ----- ------- '~ftie Morgan, .... ,;;·-~------- .. .. ...... .......... .. ..................... ... 2864 1 2(}-9-79 4. 29 
110 ................. C cago Heduct10n orks placer .. ----- ------ ----- ..... ...................... ~63 26,27-9-80 5. oo 

i ~ .. ·:~j.j~:•: :~fif.fjfi.~,ii;iliii!ji!iiin~nnnl!iin:;ilnlllllllll;;llil!ii~ I ~ : I : ! I. 
~1~~~:::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: · 2lli I ~E~~~ :i ~2 
Mansfield------------................................................ .... . ... 922 32-9-70 9. 33 
Fairmount ......... .................................. .......... . ....... ...... , 2838 2Q-9-79 I 7. 17 

Koavne~:~ :::::::::::::::::::::::::::::::::::::::::::::: :::::::::::~:::::::::: ~ro ~~it~~ 9: ~~ 
Castle....... ....... ...... .... ... . ...................... ...................... S23 32-9-79 . 48 

g~:lfi;~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~ ~~~~~~ ~~ ~~~~~~ ~ ~~ ~ ~~~~~~~~~~=~~~ ~~ ~~~~~~ ··--.. ~~!-1 ' ----. -~~.-3'1" "'if[" 
Homer placer _________ __ ___ ..................... .. ................ ........... 661 22, 23, 26,27-9-80 1 154.70 

~~g~i'k;;;c~o::::::::::::::::::::::::::::::::::: ::::: :::: ::::::::::::::::::::: 1 ~~ I tt~~ 1~ ~~ 
................. ~~~~~~~~~~~~=::::::::::::::::::::::::::::::::: :::: :::::::: ::::::============ 7 9

• ~~ 14, 23, ra=~ 10:: ~7 
......... . ....... Hamilton Gold ........................................ -. ..................... 372 34-9-79 10.13 
................. Elilvor ortl .................................................. ----------------. 1054 30-9-70 8. 27 

Cloora -- --- ---.. ...... .................................................... ... 656 30-9-79 .93 

=·· ···=•:• ~1~}~f't"!{~~~:;;:;;;;;; ;;;;; ;;;;;;;;;~;;;;;;;j;;;;;;;;;;;;;;:;;;;;;[ .... ~·i ::• : •==·=~~: •• Jl 
~~~~&::::::::: ::: =:::::=::::::::::.:: ::::::::::::::::::::::::::::::::::::::: ~ ~tt~~ t ~ 

~r~~~~~~ .... :;i.:~~· i;.~ ... ··-m~ ... i::m.mm[[[·~[·[j·[m:m: · ;~ ~~ ~1 ~: 
................ KeUL ------------... .................... .. .................................... d 1702 
................ fshpemlng ............................ ....................................... 1701 1 

FourLh or July............... . ............................. ........ . ...... .... 1391 
ora. ____ ............ .. ----------.... ............ .. ------"- .... .. ...... ...... 370 

'!!11 ...... :::::::::: k~~J~l!· .:::::::: :~:::::: ::::::::::::::::: = = ::::·.:: = ::::::::::::::::::::::::: ~ 

~·~j;~;;:;::;:~:r ~~f~~~~"""';jjljjlj;;~jj)j;:~~:::~;jj;;;;;::~:j;;l;;;j[l)tj~\t;;;l ..... ~ .... : ..... ~· ··li· 

District or place 

Sugar Loaf. 
Do. 
Do. 

Do. 

Do. 

CAlifornia. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Dr>. 
Dt>, 
Do. 
Do. 
Do. 
Do. 
Do. · 
Do. 
Do 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Alicante. 
California . 

Do. 
Do. 
Do. 
Do. 
Do. 
no. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do . 
Do. 
Do. 
Do . 
Do . 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
no. 
Do. 
Do. 
Do. 
Do. 
Do. 
nn . 
Do. 
Do. 
Dn. 
Dn. 
Do. 
Dn. 
Dn. 
Do. 
Do. 

Do. 
Do 
Do. 

• Canceled; no p~ton t. c Canceled Dec. 15, 1 2. d Csorcled Mor. 1~ . 1 86 

99271--27t----24 
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346 GEOLOGY A D ORE DEPO ITS OF LEADVILLE MI I G DISTRICT, OLORADO 

Mining claims in L ake County, Colo., officially surveyed for patent from S ept. 10, 1870, to July 16, 1925- ontinued 

Survey o. Name Location Aren 
(acres) 

1042 am. ______ ___ ___ Lickscumdidricks ________ __ __ ------ -- ·--- ---· -- ------ ----- -- --- ----- - ---- -- -- ~~~~ 

~g:; == = = ======== ==== ~~~)~;~~- ::::::::: :::::::::::::::::::::==== = =:=::::: === = = == ::::: ====:: :: ==== ~~~~ 
l~~ :::::::::::::::: w~~n!YJ~~=:::: ::: :: ::::: : : ::::::::::::: ::::::::::::::::::::::::::::::::::: 28- 9- 79 
1051 ---------------- Mountain LiorL-- -- ____ -------------- ---- ----- ----- -- ---- ---------------- --- - 1 1}-79 
1052 -- --- --- -- ------ Dimmick--- - ------- --- ---- ----- ------ --- ----- ---- -- -- -- ------------------ -- -- 426 11}-1}-79 I. 620 

1m~~~~~~~~~~~;;;;; ti~i~l~~;;;;~;;;~~;~;;;;~;~;~l;~;;~l;;;;l;;;:;:;~jj;;;:l~;;l;l;;l;;\\j ---:i- ----- - -,-:i~- --- :t~ 
l~ :::::::::::: :::: ~~~~~~~~-~!~~~~-== ::::::::::::::::::::::::::::::::::::::::::::::::::::::::: : ~- - -- --521· ---- · -----i o=o=:;o--- -- ~ ~43o-
1086 --- - ---- · ------- aiHorma Gu)rh------ --------- --------------- -- -- ----- --- ---- --- --------- -- -- 3123 2G-I}- . 3 
1085 ____ ------ - ----- Mountain Boy---------- -------- ------ --------- --- --------- --------------- ---- 3116 2G-I}-~~ 2 .. ~ 

JOSS am------------ Bonanza.--- -------- -------------- ------------ ----- -------- ------- ------------ 3081 2Q-I}-79 5. 915 
1 9 am ---- -------- Bonus ---- -------- ---------- --- --- --------------------- ------------- --- ---- --- 2807 24- 9- 2. 033 

l~:: :::::::::::: g~~~:W<:rn·t-::::::::::::: :::::::: :::::::::::: ::::::: : ::::::: : :::::::::: : :::: :1 ~ ~=~~ ~: ~ 
1092 -- --- - ------ - --- lydesdale _ -------- -------------- --- --- -- ---- ------- --------- --- - ---- --- ----- 194 2 1}-79 10. 290 

l~ ==== :::::::::::: i?Jr~~'is:::: :::::::::: ====== === = :::::::::::::::::::::::::::::::: :::::::::::: ==== ==== ====== :::::::::::::::::::: === ======= 

11 ~~\~\m~=-~= ~f~~i~--~~-~=i~---i!--i~=-:=i-:=m=--_!~!i!!_=i!~--m!mli-_ i i-!~\ .m ,Jr~~ 1t ill 
H* :::::::::::::::: ~~}~~~~~~::::::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::: ~~ if-~~! ::: ~i 
1122_ ____ ----------- Old Marine'- ----------------------------------------------------------------- 411 33- 1}-79 10.330 
1123 -- -- --- - - ----- -- Little Com stork ------- -- --- _ ------------------------------- _ ----------------- ---------- ------ ------------ __ ----- _ ----
1124 --------- ------ Little Hattie ______ ____ _________ _____ -------------- --- ------ -------------- ----- 1257 21}-1}-79 6. 553 
1125 ---- ---- --- ---- A delphia ------------------------------ -------- -- -- --------------------------- 517 21}-1}-79 2. 050 
1127 ---- ----- -- --- -- Mammoth------ ----------------- ------------------------- ---- ------------ ---- 4 6 32, 33- 1}-79 9. 350 
1136 ----------- - -- - - Leaser & Goldsmith __ ---------------------------------------------- ---------- ------ ____ ---- --- ------------- --------- -
1137---------------- Howard M. Holden ------------------ ---------------------------- ------------ 637 28- 9- 79 5. 600 
1141 ------------ --- - General Sheridan ------- ------ ------------------------------ ------------------ 461 2- JQ-79 10.330 
1142 ---- ----- - -- ---- B emitite ------ ------ ----- ------ -------- --------------- ------ - ------------ ---- 459 11- 1Q-79 10.330 
1H3 ------ -- -------- Kerr------------ -- ---------- ------ ---- --- ----- ------ ---- ------ ------------ ---- 460 12- 1Q-79 10. 300 
1144---------------- Maggie------ ------ ---- --------- -------- -------------------------------------- 628 - 9- 79 7. 250 
1145--------------- Theresa ------ ------ ---------------------------------------- ----------------- 3114 2G-I}-79 2. 700 
1146---- --------- --- Zulu King ------- ------- ------------- ------ ------------------------------- ---- 3697 3Q-I}-79 7.576 
1147 --- ---- - ---- - --- Franccoia ------------ -------------------------- ------------------------------ 132 28, 33-1}-79 7. 920 
1160 -- ---------- --- - Ne~tor -- -- ------------ -------------------------------- ------------ -------- --- - 633 32- 1}-79 4. 350 
1161 __________ __ ____ Ocean Wave-------- ---------- ------------ ------ ------ ------------------------ 14 4 21- 1}-79 10.314 
1162 ---------------- fl. A. T. placer •1028 
1164 ------------ -- -- Mary A Is berg __ :::::::= :::::::::=::::::::::::::::::::::::=:=:::::::::::::::: 526 ---- -- ----28=0.::79- ---- ~~ 34o-
1166---------------- Little NelL------------ ------ ---------- --- -- ---- ------------------ ---------- -- 26-1}-80 3. 250 
1172 --- - ----- -- - ---- Sih•er Point ------ ----------------------------------- ------- -- -- ------------- 26-1}-79 10.330 

m~ =::::::::::::::: ~~~
6

A~~~u~o--i~=====~===========~============= ======================= = = 1361 ~~;~ t m 
11 - ---------- - ---- Big Minnesota---- -- ------------------------------- ----------- --- ------------ .•. ---- ----------------------- ---- -- --- -
11 9---------------- Dutcher Boy---- ------------ ------ ----- ------ ----- --- --------- ----------- ---- 1500 27- 1}-79 . 70 
1100 ---------------- Green Mountain .•. ___ --------- --------------- ---------------- ---- ------------ 11 28- 1}-79 . 953 
1200 --- - ------------ Thatcher __ ----- ---- -- -------------- ------ ______ ------ ____ __ ---------------- -- 592 28- 1}-79 . 950 
~~ :::::=::::=::::: ¥o~d;---------- - - -- -- -- ---------·---- ------ ---- ------------------------------ 4~ '3-~~ ~- !~ 

t~ :::::::::::::::: if!~k~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ :: ::::~~~= ==========i~~;~= :::·-~~~~: 
t~ ~~~~~~~~~~~~~~~~ ~~r~~~~~:~~e;=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~;~ ~i~ !~:: t ffi 
1246----- ---- -- --- - -
1247 --- -- -- --- -- ---
!248 ---------------
!251 ----------------
1253 ---- -- -- ------- 
!254 --- - ---- --------
1255----------------
!256 ----------------

1269 ------------- - - - Berdell and Witherell placer ------------------------------------------------ --- '"i055" -------- -'W:.::0.::79' ----i.-980" 
473 131-1}-79;36-1}-80 10.330 
587 28-1}-79 J. 120 
619 2G-I}-79 5. 080 

1 I 32-1}-79 6. 090 
729 32, 33-9-79 6. 550 

1866 24- 9- 81 ;3Q-- I}-80 106-610 
928 22---9-79 10. 140 
930 23- 1}-79 l o. 020 

1149 28-1}-79 J. 300 
1150 28-1}-79 J. 300 
2685 33- 1}-79 9. 650 
654 33-1}-79 J. 700 

2308 28-1}-79 0 470 
2404 25-1}-80 7. 057 
1934 2G-I}-79 6. 800 
HiS 28-9-79 6. 518 
627 30, 31-1}-79 0 279 

• Canceled; no patent . 

District or Place 

allfomla. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

F:mplre. 
allfornia. 
iosqulto. 
ollrornla. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Empire Gulch. 
Thompson Gulch. 
California. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

ugar Loaf. 
Califomla. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



MINING CLAIMS IN LAKE COUNTY 

Mining claims in Lake Co1mty, Colo., officially surveyed for patent from Sept. 10,1870, to J uly 15, 1 9~5- ontinucd 

Survey o. 

13\ll -------- --------
1321------------ ----
1322 ----------------
i323 BID ------------
1326----------------
1327 ----------------
1333 ----------------
1334 ----------------
1335 --------------- -
1310 ------------ ----
13!0 ------ ------ ----
1351------------ ----
1352 ------ ----------
1359 ---- - ---- -------
1365 ----------------
1366 ----------------
1!13 ------ ---- ------
1!15 ----------------
1!16 ----------------
1!17 ------- --- ------

Name Mineral 
entry No. Location 

Hawthorne -- ----------- ---- - --- ---- - -- ---------- ---------------------------- 977 26-9-79 
Dyer __ . ------ -- -- --- -- --- ------------------------------------- -- ------------- 976 26-9-79 
Last Chance •. .. --------------------- - ------------------------------ - -----..___ 653 33-9-79 
St. Joseph -- .--- ----------------------------- -- ----- ----------------- -------- 1544 28-9-79 
Capitol ------------ -- -- --·- ----- -------------------------------------------- - 646 29-9-79 
Clontarf . --------------------------------- -------- ---------- ------- ---- ------ 2321 24-9-SO 
Little Lillie.-------------- ---------- ---------- ---------- ---- ------ ------------ 51 21 , 22-9-79 
E. C. B ------------- ---------- - ----- ----- -- -- - ------- --- -- ---- ·-------------- - 1119 28-9-79 
Louisiana. ------ --- -------- -- --- ---- --- ------------------ -- ------------------ - 1009 21,28-9-79 
Holden----- ---------------------------- -- --- ------- -- ----- ----- -- --------- --- 761 19-9-79 

Area 
(acres) 

Minnie Leo.---------- --- . ------------------ -------- ------------ .------------- 696 30-9-79 
y nnkee fraction. _--- __ ----- --------- ------ -- -- --------- ----------- -- -- -------- • 649 -- -------- - --------- --- io-:33

0
--

G ran it • ------- -------- ---- ----- -- ---------- ---- ------ ---- ------ ------------ -- 929 23-9-79 
MincrnJ Farm·-- --------- ------ -- - ------- -- ---- ----- --- ----- -- --------------- 1114 19,20-9-79 9. 060 

r~~?:iton: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~J ~~7~ l~ ~g 
Guilder~lc,·e .•.. ----. --- ----.--------------------- --- --- ---- ------ · ----------- 599 33-9-79 9. 820 

~~ts~~~~::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~(m tt~~ ~: ~ 
Caledonia .• ________ ---- __ -------- -- ________________ ____________ ________ --- --- '------ -- -- __ ------- _______________ _____ _ 
General hiclds __ ______ _________ ___ -- -- ------ ------ ---- ------------------ -- --- 574 -9-79 1 9. 

1 ____ _ ::::::::::: Wells and Alexander placer ___ ____________ ____ _______ __ __ ___ ______ -- ------ ---- ~ 1833 29,32-9-79 u. 0 
!!89--------------- - Bon Fmnklin _____ __________ ____ ____ _________ _____ ___ ____ _________ _____ _ ·----- 2266 29,32-9-79 3. 74 

1)96 --------------- -

----------33-=~79' 7.990 
19-ll-79 3. 0 

21,~ -9-79 4.540 
13-9- I 10.330 

7.880 

5. 740 
10.330 

Cornucopia. ----- ----- ---------------------- -------------------------- -------
933 

2
4
-u- 50.057 

t~:~~~:~~~-;--~, ~~ ~~"~lllt~;;~\\\ll:i:::i\l\i~~\:lltl\\lll\\l~i\llii~~:;~;~;;;; .I ~. ~~ I !I 
. --------- ------1 Gom~tock ----------- 2200 30-9-79 5 . • 40 

9.940 
6.940 
7.970 
9.950 
7. 7i 

4.470 

28-9-79 4.680 
28-9-79 7.360 
19-9-79 5.920 
19-9-79 . 700 
13- -79 10.330 
19-9-79 7.640 

• Canceled; no patent. • Canceled Apr. 2. 1886 

District or place 

California. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Sugar Loaf. 
CaiUornia. 

Do. 
Do. 

Do. 
Do. 
Do. 

ugar I.oat. 
Empire Gulch. 
California. 

Do. 
Do. 
Do. 

ugar Loaf. 
California. 

Do. 

Do. 
Empire Gulrh. 

alifornla. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

ugar Loaf. 
alifornia. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Empire Gulch · 

California. 
Do. 
Do. 
Do. 

Granite. 
California. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do . 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 

347 



348 GEOLO Y AND ORE DEPO ITS OF LE OVILLE 

Mining claims ·in Lake Co·unty, Colo., officially surveyed for patent from ept. 10, 1 70, to J~,ly 15, 1925- ontinuect. 

Survey o. 1ame 
M in raJ 

ontry o. Location Area 
(or rcs) District or Place 

664 
20ll 
4124 

40 
1411 

34-9-79 
33- -79 
3 9- 71) 

-~ 
7. 490 alilornia 
5.615 Do. · 
a. 112 Do. 

1595 __ ____ __ . ___ _ _ __ T il ton _ -- - _____ ___ __ -- ------ - - - ------------- - -- ---- - -- -- ------------------ ----
1500 - -- -- - -- ---- ---- Bloomi ngton --- _ -- --- - - --- - -- -- - ---- ---------- - - -- ----- - - ---- ------ - ------ -- -
1610 a m ________ _____ ontlden t ______ ------ ------------------ - -- - ------ ... -- - -------------- --- ---- ---
1612 - - ----- - .. -- --- - Miners R ope- ----------- --- - -- -- - --- -- --- - -- - --- --- - --- -- -- ---- - - --- - ·- ------

29, 32- 9--79 
20-9- 79 

6. 15 Do 
3. 700 Do: 1616 am _-· _ - ------- - B ig ix_ _________ ____ -- - --- -- ------- - --- - ----- - ---- -- -- -- - -- --------- - ---- ----

1617 am ___ ___ __ ____ _ 

161 ---- - -- - -- - · - - --
1619 --- - ---- - - - - -- --
1627 -- ---------- · - --
1628 ----------------
1639 ------ -- - - - - -- - -1640 am . ____ __ __ __ _ _ 

1642 ---- - -----------
1654 --- - - ------- ----1674 om ____________ _ 

1680 ---- -- --- - ------
1681 ------ ------ -- - · 
1682-- - - - --- --- --- --

4.480 
9. 200 
1.920 
. 300 
. 400 1 

5.433 
1683 ----- - --- --- --- - ---- - -- -- ----------- -------- - -
1685 - -- -- - --- -- - ---- - --- -- - ------------- - ---------

m~ :::::::::::::::: ~~~:~.~;~~~: :::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::1
- - ---~~~r --------- -~EE~~- --- -n~~-

171 6 - ----- ---- -- --- - Molly Kelly--- -- - ---- - - -- ----- -- - --------- ---- -- ----- ---------- - --------- ---- J.66 352= t-779P 10.330 
1728 -- - - ----------- - Isabella·-- . __ _ .. -- --·- -- - ---- --- ----------------------- ----------------------- 1uv u- . 650 

Hll :::::::::::::::: ~~0i~1~::: ::::::: ::: ::: : :::::::::::::::::::::::::::::::::::::::::::::::::::: -----mr - ------ ---~~=E~· 1
• u~ 

1744 - - - - --·- --- - - --- Little ugor L oaf placeL-- -- --------------------------- ---- ---------- --------- 793 19-9- 0; 23-9- I 76.332 

1m:::::::::::::::: ~~~~i~~~f~~=====:~~~===~======~==~==:::::::::::::::::::::==~================ ~1 ~!=t~~ t ~~ 
~m ~~~~~~~~~~~~~~~~ ~rl~~~~~~~~~-=~~~~~~~~~-=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ----~~g· -------- - -~f=g~~!- ----r m-
Mi == = = =: :==: == == = = El' lli~-o:::::: :::::::::::::::_-:: :::::::::::::::::::::::::::::::::: =::=:: :::==: ·-----30.15- ----------~---ii==ii- ----4~ 641i-

!ill ~~--=:- =-!- _:_: ~~I·l·_---~~~-~~-~-- !---:~::_m_~:=-:!_: --;---::_-:)-!-mm~_--== ·· --:~- --------· ~~J- ·· -·riD-
1861 - --- ------------ Little G ian t_ ___ _________ _______ ____ ·- -- ------------ ---- --------- --- --- - ---- -- 2105 25 - 0 3. i20 
1 62-- - - ---- -------- L ittle GianL ------------ ------- -------- -------------------- -- ----------·- ---- 2100 24,25--9-- 0 2. 5 0 

~~~ ::::==========:= l::~~~f~~ti-0~-=~:~::::::~:::::::::::::~~:::: ::::::=: :: :::::::::::::~~======= ~ 25
' ~6 ° lg: ~58 

~= ===::::::::::::: Rr~~~a~_0_l~ === =:::=::===::=::::: =: ::=:=:::==: :::::== ===== ::: :::::::=:::::=== {~~ ~_:j'Q-~~ 10. ~~g 
1 70--- - - --------- -- L adr rnwford - --- -------- -- -- --- -- - --- · --·----------------- --- - ----- ----- -- 1697 - 9-79 7.5 
1893 ------ _ --- ----- - Young Canadian ____ __ ---- --- --- ____ .------------ - -- ----- -- --- ------- --- - ---- 1617 17---9-79 10. 330 
1900---- ------------ Five TwentY- ---- -- -·-·--- ------------------- - -- ---·--- ------ -------- ---- - -- 1492 29,32- 79 I. 170 
1003 - - -------------- Venture ____ __ _____ ___ ·--- ·----------------------- --------- -- ------ ---- -- ---- - 4460 24-9- 1 10. 330 
1001 ---- - -----~- ---- Deer --------- - ------------· ------------------------------ ----·--------------- 14 21-41-79 5. 161 
1908 ______ ----- ----- F irst Chance ____________ --- ___ -------------------------- -- . - - -------- - ---- __ _ - ---- - ____ __ ___ _______________ ---- ----- _ 
1009 - - - -- - - - -- -- _ _ __ B rown Queen ______ _______ ----------- ____ ------ ----- ----------- ---------- ---- I 7 22-IQ-79 10. 330 
1912 - --- ------------ a rleton ------------ ------ ___ . -- ---- ---------- ------------------ -- ---- --- ---- 1120 3Q-9-79 2. 740 
191 - - - - ------------ Bes.•ie Wilgus------- - - ------------ - ------------------ - -- - --- -- -- - -- --- - ------ 19 7 31- 9-79 3. O'J 
1919 - -- - ------------ Lucy L- - - --- ---- -- ---- - -· - -------------- ------ ---- ------ - ---- -- ------------- 3 63 23- 10. 330 
1924 __ ____ ___ __ . _ _ __ M ichigan Boy- --------- ____ ________ ---------- _------ ------------- ---- ________ 1350 24-9- 1 9. 050 

!~ =============::= ~'!W:~e:n--,o~ 2========= === =====::=::=:~=== =:=:= ::=::=: :== =: :: :: :=:= ===::: :=:: ] / ;3 o-~~ ~ ~--~~ ' 
1934 - -- -- ----- --- --- First a tiono'-- -- ------------ ------------ ---------------- ---- - -- -- - ---------- 1247 33 79 9.360 

1m=--!-:::::_:: --~ t~~1i~-~~•m\\ m:\:=--):\:_:_\•t-:---mmm-:=)---=-::-:, ·====\ffiJ ·=· ... ·:.~~. ===~:;~. 
1953 a m. ___________ _ 

1954 - ----- --- - - - ----
1955 am·-- ---- ------
!966 --- - - --- - - -- - ---
1979 - - -- ---- · - -- --- -

• Canc-eled ; no paten t. 

-- -- ----- ---- ---- --- --- ~ii~27ii-

9. 740 
10. 250 
10.330 
10. 331 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
I o. 
Do. 

no. 
no. 
Do. 
Do. 

Do. 
Do. 

uga1 Loaf. 
alifomia. 

Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
DJ. 

Em)?ire Gluch. 
a ll foroia. 

Do. 
Do. 

ugar Loar. 
Cnlirornia. 

Empire Gulch. 
allfornin. 

Do. 
llomestakc. 

ugor Loaf. 
alifornio. 

Do. 
Do. 
Do. 
Do. 

Allcan te. 

California. 
Do. 
Do. 
Do. 
Do. 
Do. 

French Gulrh. 
Empire Gu lch. 
California. 

D o. 
t. Kevin. 

Suga r Loaf. 
French Gulch 

a1iforo ia. 
Sugar Loaf. 

t. Kevi n. 
Do. 
Do. 

ugor Loaf . 



MI NI NG CLAIMS I N LAKE COU NTY 349 

Mining claims in L ake County, Colo., officially surveyed for patent from Sept. 10, 187_0, to J uly 16, 19£5-Continued 

survey No arne Mineral 
entry o. Location Area 

(acres\ 

1100 ...•..•. . ....•.. Silver. Flagon .....• . -------------- ------- ••.• ---- -- . ... . ....... .... . ...... . . . 1171 27-9-79 ;. 970 

!~ :::::~=--!-=\-- i.~l~6D~~,l~~~~~M:\\_A\:l_l\\~te:::::::l.l\-::to. \~ ::\::~:\ll\\\\,\\\'••\\\\::·\\~i\lll\• ,r:::-~- ---=-:: :::~!- :-:.i~~: 
~~ 8:-t>:::::::::::: Litt e. e a wore« c IS r mt St - - --- -- -- -· · --- -- --------- - - - ---- ----- - 1297 25-9-80 12.360 

~ ~ •••••••••= ~~~:~;.J•::::,:::,E:••••::m:.••i • : :mm ::•::.•:::••-!••::=:••• --- r~- ~ ~ :I~ 1l63 
:::::::::::::: : : A llegl)any placer ------------- --- ---- --------- •••... ---- -- --- - ... . ... .. . . . .... 1095 2, 3, 10, 11-10- 79 160. 000 

~S9 ::::::::::::::: : [!~!~~~~~~~~~~ :::::: :::::::::::::::::::::::::::: :~:::: ::: ::::::: :::::::: : ::: ~~~ 32~EE~! ;~ ~ 
: ::::::::::::::: : Lucas .•... . ---- ------- . .••.... .. .. •.•.. ... . ... -----. . .......... . .• _ •.... ___ • ••.... .• ___ •. ___ •• •. .• ____ ••.• •••...•.•• 

: :::::::::::::::: FJ~:~~~;~~;~;;~======::: : :::::::~::::::::::: ::::::: :::: ::::::::::::::::: J - ---~ :~r ----· -----~~~g=~r ----------
!234 ...•.•.... ..•... Twiokl -------- -- -- ----------- - --- -· --- ---- ----- -· .. ... -. ---. . .. .•.... . . •. .• 1541 2-1Q-79 
!135 ••••• ••• •••••••• live Branch ..... .. . . .. -------- .. . . .. •..... -- ------- ------------ ----- -- . . .... 1553 13-8-79 
r!li ---------·-· · ... St. Mary's .....•.. ... . ------- --- -··· ------- --- ---- -- ---- --.- ---- ..... -- -- ----- 1082 24-9-81 

=g :::::::::::::::: }J~t~~r~a~ ~~::::::: :: : ::::::::::::::::::: :::::::::::: :~: ::: : ::::::::::::::: : ::: ]~~ ~~~=7~ 
!).;! • ••••• --- - ------ Pioofore ___________ _______ -------- . . .•.• •. •• -- .... __ __ . . .• . . . . •• ...• . . ... . .. . • 1970 34-9-79 
!267 ------- ----- . ... Em pirc placer ___ --- - --- •.....•• _____ --- ---- ______ __ .• . .. _____ ______ ------ ____ ___ ____ __ _______ ______ . ___ ____ ,_ •• ----- --

= ~~~~~~~~ ~ ~ ~ ~ ~~ ~~ ii1!Jl~~I~t~~~~~~~t~~~~~~~~~~ ~ ~ ~ ~~ ~~~~~~~~~~~~~~I~~~~~~~~~~~~~~ iiii~~~~~~ ~~~~ ~~~~~: 1~:~::::~~~~~~~~i:::~~~~f: 
Ll~n~eba~acfa ::::::::::: : : : ::::::::::::::::::::: ::::::: ::::::::: ::::::::::::: . ... -~~- ~ - . . . --- . .. ~=~~= .1. -- .::~:-

-:: : ::::::: WJ~~A~;ooi~: ;"~-~ll=:;:;;!!!ll)--ililillil~-~~~\\\\:\i- ~- \:::~~~~ ~:~~:~ ~=:ii~l::iii=~=~lit;~:~~ 
!llll .••••. . ••••• .•• • Fortune •...•........ . ............ ... .•.• . .. •. ----- --- ---- ______ . ..... -- ------ 3160 21-9-79 4. 727 
DIL •......• . .. •. . . P. J. C . . ...•.. .••. • . ' ••.. ··-··· ·- ---- -- -- --- -· ··· ····.... . .... .. ............. . 1166 27-9-79 -7.850 
DIS.......... ...... Trainer. ••. •. . . -------- . .•. .. ... --- ------ -- -.. . ... •. . ____ ------------- .... ... . 1165 27-9-79 6. 60 
' 16 ···· · ···· · ·----- J . . Murphy ...................... ••.. . .. ------- .••..•....... . .. ------------ a 1164 
n11. . ... . . ..•...••. Winona ---··· · · · · · · -···· ··· ·· ········ -- -----------···-- ········ ··· ····· · ····· 1423 13- 79 5. 050 

!333 ····----------- - Gg:>~ne~l E~~~e~:: :::::::: :::: :::::::::: ::::::::::: : ::: :::~::: : : : : : : :::::::: : : : : ··· ·-1656" ········ --~79· ···· ··4oo· 
~~ :::::::: :::::::: Goodsell placer ..... ... ... ----·-· .... ---- ----- -------·-··--------------------- 4013 6-9-79 36. 630 
!152am...... ••. .•.. QuadrilateraL . . .... ------------------- •. . .. . ...... .•••••• . •.•. --------------- 4215 19-9-79 1. 760 
11.14 · · · · ····· · ··-- - - Buffalo GirL. ..... ------- . .. ... . --- -- --------- ---- - -- -- -- ----- ---- ----------- 1167 27-9-79 9. 080 

·· ··-------- ---- Lake placer. __ _______ ___ ....... ..... •.. .•. --- ---- . ... .... . .. ...... ........... 1753 3~- 1 79. 800 
Alhambra placer. . ............ . ... .. .. .. .. . ..... . ... . . ........ .... . .... . .. ... 1135 25-9-80 68. 59 
Oscar placer I .... . _____ . . .. . __ __ __ ............. ____ . ___ . . . ____ __ ___ ..... . . __ _ . ___ . . ..... · ···--... ___ - - - ---- - ......•... 

~;g,~~:~race~ i::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::: - ----ai 1· :::::::::::::::::::: ::: : :::::~ 
Richard Stoward .... . .. • . ..• ·· · · ··---- -- -- ..•. .... ···---- ..... . ...... .. ••. ••. ··· · ···--- ---··· · · ·· ---- ----- - . ••••••..• 
Golden Edge ...•.• --- ------ - .. •. .. •... •.. ------- ------- --------- --- ------ •... ----- -- -- - •• •••..... •• .• . ..••. -- ----- ---

ores -- -- -- -- ---- ... . .. . .. . . . . . . .................... ----- --- --- ..... . .... .... 4051 12, 13- 9-80 10. 330 
············-·-- Garfield ---- ------ . · ---------- - --- . . . • ---- ------.. . •. .•. ..•••.•••..••. .•• . .. . . 11 4 7-9-79; 12-9- 0 10. 330 
·····----------- Roseville .--- ------ ____ __ . ... -- -- ------ . •. ..•......... . ---- ---. ..... . . ... . .. . . 1185 7-9-79; 12- 9-80 357 

·······--------- ~:~~ 1~n°e:::::: :: : ::::::::::::~: : ::::::::::::::::::: : ::::::: : ::: : :: : ~ ::::::: m~ 32
' 3t=t=;~ /~;g 

Little A lie . ....... . . . ..... ....•• . --- ---------· . ... --- ---- --- --- .. .-.••.. ______ 1357 33-9-79 9. 760 
Moonstone . ... . . -------- ........ ------ ... . •..•• . ..••.. .•..•... •••... --------- 5150 4-1Q-79 9. 000 
Uintah placer----- - --...••..•.• ---- -- --- --- · ··· .•.•. · . ..• .. . •.. . ·------------- 1768 27, 33, 34-9-80 149. 200 
Sweet Rome •••••• ···· ·······-·····----· ..•••.•.•..•..•.••.•.•..• . •.. ••.•• •••• ·····----· ------ -----···· · •••. ---- ------
Littl frartlon . . _ . . ••.•• ---- -- --- . . •...• .••• •• •.• ••. .. . . ------ ____ .. .... .• ___ .•.•••. ••. .••••..•••••••. ------ ------ •••• 
Alta ' o. 1. •• -- ·· · - · ····· . ...•.... . ... .•• . ••. •••. .. ......• ... ••. ... . ..•....• ---- - - - - -- ---------·-···----- - - - - - ····--
Alta 'o. 2 ••••• • • •• • • • .••••••••• __ •••• • • • •••••••• • ••• • •• .• •••. • • •••• • •• • -- ---- ____ _ .• ••••• _ - ------ ___ ___ •• _ •••• • •••••• 
A It a ' o. 3 •••• --- -- •• ••• -- • • ••••• • •• •• - - •• - . ---- ---- - - --- - ----- -- -- • ---- ----- - •• · - ---- •• ••• • • ------ ------ - -- ------ •• • • 

~ ~~~~~ ~~~~~~~~~~~~ ~~~~~?~J=J=~i=i~~~~~=~~~i~=~i~:~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~ ~~ ~ ~ ~ ~~~~~~ :::: :~~j: l::::::::::~~~: :::;~~ ~~: 
l\4& •.. •••.••• •• . ___ lsi Pr ius xtcnsion ••••..•. ------------ . ••..... ... . -----· ·. ------------------ 1261 31-9-80 1. 21 

~i~~~~ :::: : :::::::: :::: :: :: ::::::: : : : : ::: :::: : ::::::::::::::: :::: ::::::::: ::: ma 26, tt~~ . ~jg 
otl •••• ••• ••.....•.•.•..••••• ______ •• •.••••• . ...••••• ________ ____ __ ___ • • ••. 1804 4-1G-79 9. 010 

~~~~~~·'ii::)i!i!~•!!!•_~_!:~!-i~- :!ll!)::::):):::)~-\)~\-:·\\)i-)~\\ ~~ "· ~~ lf: ~ 
~~J~· :::::::: :: :::::~:::::::::: :::::::::::::::::::::::::::::::::::::::::::::: -----i244" -- -- ---20~~79; ------590. 
~l~d~0Pe5i :.:::::::::::: ::: · ::: :: : : : ::::: : : : ::::: :: : ::: :: .. :::::::: :::::::::: ]~ ~~9 · 1

g: ~~ 
Peabody.: •• ____ • __ . . .• . .....••• ---- __ ------------- . .... -----·· ••. . •...• . . --- . . . ---- .••• --- --- -- -- ---- -- · --- -- -- ---- --

:::::::::::::::: ~~l~ ~~§:·:·=·=·=~~~~-=·=·=·=·=·=·=·=·=·=·=·=·= ·=·=·=·=~-=-=·=·=·=·=·= ·=·=·=·=~-=-=~ ~~~~ ~~~~-=~~-= ~ ~-=~ ~~~~ ~ ~ ~~ :::: =:~~i: :::::::::: ~~~~~: -==~~~ ~i 
:::::::::::::::: ~l:~~~~ ~=: =:: :::::: ~=: :: = ::::::::::::::::::::::::::::::: :::::::::::::::::::: -----~~- ------ -~:-~~~~~- .. -~~~ :~~-
·••···•••·•·•••• Dinero .. •••... · - ----- .•.•.... ••.••••....• •• •.. _. ................... ... .. .. ... . 1279 13, 24-9-81 8. 460 
---- --- ---- -- -- - \Vhite Star _____ .: ______ _____ _______ _______________ -- -·------ -- ----- -------- -- 2555 23-11- 1 10. 330 

a Canceled; no patent. /See list or pincers in legal ubdivisions. 

Distr ict or place 

California. 
Do. 

Do. 
Do. 

Twin Lakes. 

alifornia. 
Empire Gulch. 
A licanto. 
California. 

Do. 
Do. 

Empire. 
Do. 
Do. 

California . 

Do. 
Do. 

Do. 

Do. 

EnJ!Ii h Gulch. 
Cahforoia. · 

Do. 
Du. 
Do. 

Alicante. 

California. 
Do. 
Do. 
Do. 

St. Kevin. 
California. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Empire Gulch, 
California. 

Frencb Gulch. 
California. 
Sugar Loaf. 
California. 

Do. 
Empire Gulab. 

Do. 
Do. 
Do. 
Do. 

California. 
Do. 
Do. -

Do. 
Alirante. 
California. 

Do. 
Do. 
Do. 

Empire Gulch. 

St. Kevin. 
Twin Lakes. 



350 GEOLOGY A D ORE DEPO ITS OF LEADVILLE MI I NG DI TRI 'r, OLORADO 

Mining clai ms in Lake County, Colo., officiaUy surveyed for patent from ept. 10, 1870, to J uly l li, 1925-Cont· 
lUUed 

Survey No. , ame 
Minernl 

entry o. Location Area 
(acres) 

2619 - - ------ · --- - -·- Slide .. .. ·-----------------··- ---- ..•.. ...• --·------------- --····-·-- · -----·- -· 3J-
9
-

79 
4: l~ 

2624 -- ---·-··· --· - -· Trans-Atlantic ------ --- ---- ----···--- · · -- ---- ----- ·----·-----·--- --- ·· ·--·-·· ~-~~~ 4. 970 
~~ :::::::::::::::: t;~;,;ota·:::: :: ::::::::::::::::::::::::::::::::::::::::::: :: ::::: :::::::: ::: 19, 2 79 2. 753 

~~ :::::::::::::::: ~~nt~r:o~~~~~:::. ~~~ -~~~~~~~-~-~-~:~:~~!~~-~-:::: :::: :: ::::::::: :::: :::::::: ----------~;~=~r -·-Ia: iio· 
2665 -- --- - -- - -- ---- - ~f~~~~~~~~in ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 13, 24 - I ~ ~: ~~ = :::::::::::::::: Ulster .••••.....•..••.....•.•. . •.. . ···--·---- --- --· ---·-------- ---- -- · ----- · -- 3<Hl- 71! 5. 836 
2682 am ······· · · --- - Forest Ho 'e .....•.•.•• •.. .• .•. •. ,------------- -----····--------------· ----·--- 21~79 4. 770 
2 ··-··---·------- Elva Elma .... ..••• ...• •.• .•• .• ..•••...•. ,. .... .. .. .. .. .•.. .. .•...••....•....• 9-79 9. 500 

~m -am:::::::::::: ~~~~~:~~~~~: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~~~~ ;: ~~~ 
2715 . .. . •. •... •..••• Kayserino . . .... · · · ······ ·· ········ ·------- ---- ••.•••••.•• . .•.. ------ - -·--·- ·· 3<Hl- 79 2. aoo 
27 17 -- -- ------ --·- ·· R ebe l. ..................... . . . ... .. ............ .............. ........ ....... .. 29,3 79 3. 840 

m~ :::::::::::::::: ~~~0dPr~a_c_e~_: :: :::: :::::::::::::::::::::::::::::::::::::::::: ::::::::::::::::: 19, ~~9-~g 1~: Jg 
%732 • • •. . •• • •• •. . • • . Little Mary •••••• , •..... ... ---- •. · · ------ ------.--.---·- ---··-· ·----- · · -- ---·· ---------- -- ---- - -· --· · ------- ------ ---· 

11 ~i~~lllli\\i\1\1 rt!;"~;:~1!l1\\~\:;:ll)iliiil~l:;)~i:1::~iiii~iiii!l!iii1iiiiliiij): =:=::; : =::::::l:;~~= ==::l~;: 1 
277 am ••....• ,. . . . Delle P lacer .•.. -------------------------- ------··· · · -.,·-·· ··· ······ ···------ 3919 14,16- 79 1 .995 1 
2791 . • _. __ ••. __ .,... Shelly •... . ... ______ ••..•••• . .... . ., --- --- .. ...•.• -.... -. -.. -. -- •. ---- · · -· • · -- ·- ·- ------ ------------ · -- ·- -- · --- · ------
2792 •••• . •.• __ .•.. •. Clara . •.••.•. ..•• , ••• . -------------------------"··--.----------------- · -.,·-·- ---------- ---------------- ---- ------ ----

District or Pi!ce 

~,. 
8 IIOrrtln. 

Do. 
Do. 
Do. 

T win Lakes 
t . Kevin. · 

Do. 
aliloruia. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Fr ncb 0 uloh. 
Do. 
Do. 
Do. 

alllorn ia. 
Do. 
Do. 
Do. 

~~5 :: ===========~== ~rf~~~===== :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::: ========== :::::::::::::::::::: : ::: :::=::~ 
2796 ________ ___ __ . . • Little Hex. .•••• .•.... ·----- •••.••• ------------------- •.•.. -.----------------- ---------- ------------ ------ ·- ---. ----· -

~!~ :::::::::::::::: ~f~~~~~-~~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~9~ 29, F:=~~ ~~:~ ~~~~~~~& . 
:~ :::::::::::::::: A:F;~~v~~~~_:::: ::::::::::::::::::::::::::::::::::::::::::::: : :::: :::: :::::::: i~ 7-9-12; 1~-9 79 1 ~: t~ g~: 
~ :::::::::::::::: ~~:~~de .tate::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 2027, m~ 3~=~~~ 1~: ~~g I g~: 
2852 . •• •• • . . ••..••• . Hawkeye Delle .•••••• ------------------·-,·-·· ········----------------------- 2071 2, 3-10- 79 10. 330 Emr.tre Gulclt 
2860 --- - - ------ - --·- Hoosier OirL ••.••.•••••• ----------- --------····-- · -········-·--------------·- 2359 26--9- 79 lO. 330 

1 

nltforn ia. 

~~ :::::::::::::::: ~~tig':ahi.ia::::: ::::.:::::::::: : ::::::::: : :::: :::::::::::::::: :::::::::::::::: ~~ ~~~ ~g:~ DJo. 
2!371 __ ____ ---------- J3 oulder City------ · · ••••. .. . ,. •.•.•••••• , •••••••. -- ---- · -- -· · ---- .•.. -------- 2159 13-11- I 10.330 Twin Lakes. 
2872---- ---------- - - I. R... . .... ............. .. .......... ................................ ........ 2159 23- 11 I 10.330 Do. 
2876 ____ --- ----. . . •. Tonawanda ____ .•...... . •. •.. . •. •.. -- ------ -------·---- -- ---- ----- ----- ------ 142'2 32-9-79 10.330 Calirornla. 287 ------------ . ... Minneapolis ••.••. __________ ______ ____ _____________________________ _______ ____ I 4 7 79 7. 20 Do. 
2 1 ••••.••. .• .. •... Elk --- - ---- ------ - -- ·- --- -------- ------ --· ··-····-·· --------- . -· -- · ··------- 1605 1~79 10.330 Do. 
2882 - - -- - - ·· · ··· · - -- EthcJ. _______ ___________ ____ ____________ __________________ __ _____ ___ __________ 1605 14 79 10.330 Do. 
2883------ ---------- Daisy------------------ -- ----------·· · ··· ------ ---·---------------- ···· ·----- 1605 1~79 10.330 Do. 
2884 - - --- - -- . . . . • •• • Dais.>' No. 3 ------ ·· ·· · ·-------- --, · ------------ ·----------- ----- --- , ... ------ 1605 1~79 6. 00 Do. 

: :::::::::::.::::: ~~~'lsrs_::::: : ::::::::::: ::::: : :::: ::::::::: ::::::::::: ::::::: ::::::::::::::::: :m 11, ~4-9-~g 1o:t:g g~: 
2887 • • . • . ... .... •• . • A. B - ----- - -- - -- - -· ----- --- --- · ··· · ····.,·--------··--·,.··-- ------------ ---- 1450 -9-79 2.000 Do. 
2888 ------------- -- Jeannetta -- ---------- ••..... . •• . . ••••. . ..••.•.••• -· -- ------ ---- ..•.. , •. -----· 1941 24 I 7. 000 t . Kevin. 
2894 -------, •• • • . •• • Leonard ..•.. . •••..•.. ------ ... .• . •• ····------ ----- -----·- ----- --------------- 1457 32-9-79 7. 520 alllornla. 
2895----- ---------- Magenta · · ·· ·--- - --- ----------- ---- - - ----- ----·· ------------------------- ~ --- 14 32- 79 6.220 Do. 
2896 -- - ----·-· ·· · · - - Black Diamond - --------------------- ---- ------ ---- -------------------------- 2028 -9-79 6.4 Do. 
2897 ------ - - -- ----- - Mary C . ••••••.•. .. . . . . ,·----· ····· ···-- --- -- -- ------------ ---------·----· · ·- 2028 9-79 ! .509 Do. 

~~i :::::::::::::::: ~~~;;&::::::·::::::::::::: : ::: :::::: :::::: ::::::::::::::::::: : :::::::::::: :::: ~ 2 ~__:(}-~~ ~:~ E:;m~~~-u lcb. 
2917 - -- -- --- -·· · .... Accidental ••• . . ••• ., .. ------ ····-----· ....•••• ·-----------··· •.. ----- . ••. ____ 19 1 1- 1(}-79 10.250 Empire Gulch. 
2918 ____ . .•. --- - . ••. Acme .......•.••..•..• .. . •. . · · ·· ------ ---------- ------ ------· ----------------- 197 Jl- 1(}-79 7. 180 Do. 
2919 - - -- - -- - -··- - --- Overland..... ......... . ..... . .... ......... . ....... ..... . . ...... .. . .. . ........ 2040 35-1(}-79 10.330 nlon Gulch. 
2920 -- -- -- -- --- --- · - Old Hye -· -·-----------· ·-- ----------· ··· ····--·----- ·-···-· · · · ··---···· · · --- 3314 29-9-79 4. 131 1 alilornia. = :::::::::::::::: £~'t~~eTw-lirs·:::::::: ::::::::::::::: :::::::::::::::::::::::::::::::::::::::::: ~ f2 ~~ , 1g:330 gg: 

~~ =~========~===== ~:i?o~t========= ======================~===~=== =====::::::::::::::: :::::::::: ~~ :sg::~ 1·~ E:~~~~lch. 
aL~~~~~~ ~~~~~j {4u!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~ ~ U~f f m I Cwi~fa. 

3070 a.m. _____ _____ Mornmg tar- --- --------------------- ------------------- ---- ---------------- 1 10, 11-11-il2 6.150 Red Mountam. 
3075 -- - - - - ···- · ·· · · · Porphyry -- ---- ------------ -,.·----- ------------- ····· ·····- ----------------- 1761 3~79 9. 757 C lilornla. 
3076 ------ -- - --- -- -- ~ Golden Treasure •.... ---------- ·------------------------ ----····· ------ ------- 1664 21- 79 JO. 330 Engl ish Gulch. 
307 ------------ - - · - Addie Smith ______ •• •... , . ., .•. ., .... -------------- ---- --·-.,. . ..•. ···-·----- 1879 12- 9-80 9. 706 California. 
3079 - --- ------------ Leander. •• . •••. ••.. --- -- ---- -- - ----------------· -··-.,· -·---------------- -- -- 1665 21~79 . 632 Do. 

ll=~=~~--==--,--, ~~~~::~~.\\\--=====-'\mmmm \\-\\\\-_:\\\,_mmm\-m~\=\ :::~~: :::::::::1::: ::::t:: : 
• Canceled; no patent. 



MI I NG CLAIMS IN LAKE COU NTY 351 
Mining claims in Lake County, Colo., officially surveyed fo r patent from Sept. 10, 1870, to J u ly 15, 1925-Contioued 

Survey No. 

3(196 ---------- - --- -· 
3098 -- -------- -----· 3099-------------- --
3100 ------ - - --------
3109 ------ -- --- ----· 
3110 --- - --- --- - - ----
3111 --- -- - - --- -- --- · 
3112 ---- -- --- - - - ----
3113 ------- --- ------
3119 --- - -··--- - -- --- -
3123 ------ -- -- ----- -
3124 ------- - -- - - -- - · 
3134 ------ --- -------
3135 -- ---- -- - - -- - - -· 
3140 ----- - - - - -------
3141------ ---- --- ---
3148- --- -- - - -- ------
31.14 --- --· ------ ---. 
3155---- - ---- - - - -- - -
3156 -· --- - - -- - ----- -
3157 --- - - -- -·- -------
3160 ------ - - --------
3161 -- - - ----- --- - ---
3162- -- - - - - - - -- -- - --
3163 a.m. -----------
3165--- ---- - - - -- -- - -
3166 -- ---- --- -- - ·-- -
3168 ---- · - - - - - ---- - · 
3169 -- -- ---- - - - - -- - -
31 1---- - - ------ --- -
3182 -- -- -- - -- ---- ---
11 4 - - - - --- - --- - -- --
1188 --- - -- -- --- -- - - -

a me Mineral entry No. Location Area (acres) 

~~~I?~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~;;; 0 ~~ 
29

~§§tl & ~ 

~~~1"ii!i!l!~;;;;~;;:)lii!li);;~;;;);~;i;);;;;;;~;;~:;);;;~~~ ~~;;;;;; ·;;;:~: ;,~i; ;;;::~ 
Dautel O'ConnelL ____ ~~~~ ~ ~ ~ =~~ ~ =~~== =~~ =====~::: : :::: : :~:::: ::::-- -- :~ ~=~~~ ~:~~ 

aUv J aoe _______ ___ _________ -------------- -- ---------- ------------------------ 2467 24-9-81 10. 100 

iitf~2~i~~~~i~~~~;i;;;;;;~;~~~~~;;l;;~;;;;l~~i: ~));; ~~::~:~~;l;; ~ ~ ! I 
Adams ____ ____ ·-------- -------------____ -- -------------- ---------- --------- .__ ~m ~~=~~g i: ~~g 
§:~W~e~========= ====~=== ~ ~== - ---------- ------------ ------------------. ------ mo 29-9-79 4. ~io 

~~~;r~?y ~~!~~ ~ ~=== ~====== = = == = ==:::::::::::::::::~: ::::::: :::::::= ::::::::::: ~U ~E~! t ~ Black Iron _________ ·------------------------------------------- ----------··---- 2221 1 -9-80 10. 330 Nellie ·---------------------------- -------- -------- ----------· -------- ------- · 481 3 32-9-79 2.107 Lyons ____ ---------------------------------------------- ---------------- ------ 1700 7-9-79 10. 136 
*~~~~~A-tlantic _____ __ __ --------------- --------------- .----- ------------------- 1913 29-9-79 1 . 1eo 

District or place 

California. Do. Do. Oranita. California. 
Do. Do 

Twin Lak California. Sugar Loar. Do. California. Do. Sugar Loaf. California. Do. Do. Do. Do. 
D e. Do. Do. Do. Do. Do. Do. Do. Do. Do. Do. Do. 120.1----------- ----

lW\1 -- -- --- -- -- -- -- 
!213 -------- -- -- -- - -
1214 -- ---- --- - ---- --
1215 -- - --- -- - - -- - ---
1'116 -- -- ---- - --- - -- -
1217------- ---- -- - --
121 ------ - - - - - - - ---
1222 --- -------- ---- -
3223 ---- -· ---- -----
!221 ---- -- -- -- -- --- 
ms ---- -------- ----
1229 ----- ------- ----1229 ----------------
1231-------- ---- ----
3233 -·- - -- --· -- - -- --1211------ ----------

-- -- ------------------------------------------------------------ ---- ------ ---------------- ---- ------ ----

~~~~.~)iiii!i!!!)!!i!::;;;!i!)i!!!!!!i:;!:;!;;;;~~;~~;:;;;;;~;;;;; : __ :_~: -: -~ :: -~~: :::i~: ~1r ... -~ 
Lucinda ____ ____ ---- ----___ ___ __ ----- ------------------------------- ---------- ---- -=~~- ---- ---- --=~~~- ----~~::~- Sugar Loar. 
!flg~~~:ham -p-iiice-r~ ~----~ ~ ~~~~ ~ ~~: ~~~ ~ --~=~ ~~~ ~ ~=~=: ::::::::::::::::::::::::::: ___ - -~~- __ ____ - - --~==~=~~- - - - -=~ ~~- California. ew DoHa-----------------------------------__ --------------------------- --- 32- 9-79 2. 3~0 

1'142 --- ----- ---- - ---
44 ------------ ----

3262 ------ ----------
1263 ----------------
1264 -- ---------- ----

W . S. Hancock ___ _________ ____ ----------------- ----- ------------------------- 2~~1 10. 330 Crown Point -------------------------------- ------------ -- ----------- ___ _____ 31-9-79 3. 000 Conundrum -------- --------- ------------------------------------------------- :lJ--4--7!! 3- 000 

~~i~~?:;a_:::::~ ~ = ==~:: ::::::: : :: ::::: :::::: : ::: ::: ::::::::: :: :: :::: ::: ::::::: ~~g ~~ ~!~ 
Oates ---------- -- ------------- --- ---------------------------------- ---------- 35-1G-79 10. 330 Davis ---- ----------------- --- -- -- -------------------------- ---------- -- ------ 35-1G-79 7. 541 ------ ------ ---- Great Eastern ____ ------------------------ -- ------ ---- -------- ---------------· 29-9-79 7. 100 Sil ver Dale_ ----- ------------------- ------------------------------------------ U--9- 1 10. 124 ormhnna ----- -------- -------------- --------- --- ---------------------- ---- -- 24- 9- 1 8. 119 -- -------------- Miners Co llege_ -------------- ---- ---- --- ----- ---- ---- ----- ----- ------ -------- 19- -79 10. 330 'ow or ever_-------------------- ---- --- -------------- -------- -------------- 32--9-79 5. 290 Golden Rule _________________ __ ----------------- --- ---------- ------- ---------- 27-9-79 7. 100 
Blu Bird---- ------------------------------ ---------------------------------- ~20 10.260 biloh -------------------------------------------------------- ---------------- 24 80 10. 330 babonah __ -------------- ---- --------------- ------------------------------- -- 2~80 10. 330 
0 1 indrod _ ------------------ -- ------ -- ---- ---- ---------------- ---------------- 31, 32- 80 7. 000 Little Mac ____ ------ -- ------- ------------------------------------------------ 3()-9-79 2. 000 

---- -- --- ------ - 0 wendolioe --- ---------------------------- ----------------- ----- ------------- 32- 9-79 7. 750 Australasian ____ ---------------------------- ------ -- ------------ ---- --- ------- 3~80 10. 330 
n llo •••••• • ••••••••••• •• •••••••• ···-···--·-·-----------·----------------- 1 1 10.330 

-- -- ------------ t . K vin------· -- ---- -----------------·--------------------- ----------------- 1--9- 1 10.330 1366---------------- Great West rn ____ ____________ -- --------------.------------ ------- ---- -------- 16-9-79 10. 330 

Sl&i :::::::: ::::::::
1 0b"en~n~~~t-~r-~:: :::::::: : : :::::::::::::::::::::::::::::::::::::::::::::::::::: 2236 ~-=:=;~ ~: ~ 

: == =======~====== ~~:~~~~~~=~~;~~==:~~~~::::::::::::: :::::::::: : : : ::::::::: ::::: ::::::::::::~ -----~- --- - - -----~±~r ----n~-
Howell . ---------------------------------------------------------------------· 2131 14-9-79 . 020 Kemble __ __ ---------------------------- -------------- ------------------------ 2132 14-9-79 10. 330 

~:~:.~~~1?!~~~-================================ =============== == = ============ ~; ~~ ~~l ~: m 
t~~·~~~~;;=t====:::::::::::::::::: :::::::::::::::: :::::::::::::::::::::::::: = tt~i :. ~ 
~~a~~~!~-= ============================================= =========== == = ==== === ~m 1 . ~tt~~ ~: ~~ Arcturus -·--------------------- ---------------------------------------------- 2016 32-9-79 10.160 

i~~~:=·m:==:_:~:==mm~-~--:mm~==~-~~~:~;~~~mm!m:-~==-- ~ ~ ~1~ l m 
ootioental hief --------------- --------------------------------------------- 21 9 :l5, 26-9-79 10.330 

_____ ___________ t~~~~~~f~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~ 2S. Ell 1t m 

Do. Sugar Loaf. Calirornia. Do. Do. Union Gulcb. 
Do. Do. California. Sugar Loar. Do. Alicaote. California. Do. t. Kevin. Do. Do. Do. California. Do. Do. t. Kevin. Do. California. Do. Do. 
Do. Do. Do. Do. Sugar Loaf. Do. California. Do. Do. Do. Do. Do. Do. Do. Twin Lakes. California. Do. Do. Do. Do. Do. Do. Do. Do. 

A. & F._ ------------______ ----____ ____ _ ._------------------------ -_ -·-_------- _ --··------ ---------------- ---- ------ --- - Do. 
~~~n~~~:_::::::: : :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ---- -~~- ----------~~~~- ----~-~~-

·-----------·--· ~vae~P~gi~ty:::: ::::~::::::: ::: :: : :::::: ::::::::::~: :: :::: ::: : :::: :: : : :::::: 3~~ tt~~ k ~ 
• Canceled; no patent. 

Do. Do. 
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Mining clai m in Lake County, Colo ., officially surveyed for patent f rom .Sept. 10, JBro," to Jt~fy 15, 19£5-Continued 

Survey N o. 

3565 -- -- --- - -- - - -- --
3574 - -- - -- -- ---- ----
3b76 ---- ---------- --
3 I ...... .. .... .. .. 
3582 ---- ------ - -- -- -
3583 -- --------------
3604 -------- -- -- -- --
3605 ----- ------ -----
3606 ---- -- ------ -- --
3608 -------- ----- -- -
3613 ---- ----· -- -- ---
3630 ------- -- - ------
3633 -- ---- -- ---- -- --
3639 am . .. ...... .. .. 
3647 -- -- -- ------ -- --
36~4 ---- -- -- ---- -- --
3661. -- -- -- -- -- -- -- --
3665 ------------ ----
3667 -- ------ -- ---- --
3671 ---- ----- -- -- -- -
3672 -- -- -- ----------
3673 ---- ----- -- -- -- -
3676 -- -- -- -- ------- -
3687 --- -- --- -- - -- ---
3600 ----------------
3693 -- -- ---- --------
3696 -- ---- -- ------- -
3697-- --------------
3701. ... - - -- ---- -- --
3702 -------- ----- -- -
3723 am. ____ ...... .. 
3724 ---------- ------
3732 ---- ---- - ------ -
373-~ --- -- -----------
3742 ------ ------ ----
3743 -- ----- -- ---- ---
3756 ---- - ---- ---- ---
3792 -- - --- -- ------ --
3796 ----- ------ -----
3797 - ----- -- --·------
3798 ------------ ----
3820 -- --- --- ---- - ---
3 21 --------- -- --- --
3822------ --- ---- - --
3829 -- ---- --- -- -- ---
3840 --- -- -- -- -- ---- -
3850 ----- -- ---- -- ---
3852 --------- -------
3859 ----------------
3860 am ........... .. 
3866 ----- -- -- -------
3868 a m .... .... .... . 
3 76 ---- - ------- -- --
3877 ----------------
3884 --- ---------- ---3895 --- ____ __ ___ : __ _ 

3896 ------- - -- ------
3897 ---- --- ---------
3001 -- ----- --- -- ----
3913 - -- --- - --- ---- - -
391 --- ------ - - ---- -3919 am .. __ __ __ __ __ _ 

3930 -- - -------- - ----
3934 ------ ---- ----- -
3948 -- --- ---- --- ----
3949 -- --------------
3950 ---- -- -------- --
3951 ------ ---- ---- --
3961 ---- -- ----------
3962 ----- -------- ---
3963 ------ ----- -----
3968 --- -- -- ------ - --
3969-- -- -----------
3976 --------- -------
3979 --------- --- ----
3980 ---- -- - -- -- ----
3981 -- - -------- -----
3984 -- ---------- -- --
3988 ----- ---- ---- -- -
3994 -- ------ -- -- - ---
4006 ------ ---- ------
40ll -- -- -- -- ---- -- --
401 6 ----- - --------- -
4017 ------ -- -- - -----
401 -- ------------ --
4023 ------ -- --------4033 am ___________ __ 
4045 ---- -- --------- -4051 .. ____ __ _______ _ 

4052 -------- -- -- ----
4055 --- -- ------ -- ---
4058 ---- - -- -- - -- ----
4059 ---- -- ----- ---- -
4062 -- ---- -- ---- ----
4()6.1 --- ----- -- - -----
407 -- ---- ---- -- -- --
4080 -------- -- ----- -
4081 ---- -------- -- --
4083 ----------------
4084 --- ------------ -
4091 ----------------
4095 --- -------------4098 a m __ ____ __ ____ _ 

rame 

~-- ----------------- -- ---- -------------------- ----------- -- ------------
------ ---- -------------- ------ ------ ----

------------------- ----------------------------- ------------ ----

Minernl 
entry o. 

Location 

I 
Area 
(acres~ 

iluri an .. .... --------- -- ----------------- .------------ -- -- ------------------- ---------- -------- -------- .......... . .. . 
Oph ir . . ........ ---- -- ---- - --- -- ........ ---- ------ ...... .. .... . ............................. --- -- --- .. ... ___ .... ----- -

~~;~: ~~~~= ~~ ~ ~ ~~=~~~~= :: ~ = ~ = : : ~==== ::::::::~ == ~~ ~ :~::::: :::::::::::::::::::: -----~~5- -------i -.-~fr~- ----r ~rr 
Sil ver Queen -- -- ------------ - --------------------- --- ---------------------- - - 3669 12- 1 IO.?JO 
Wilson ___ -- --- --- - ---------- - .... _____ ___ .... .. .. .. .......... ---------------- 2539 21}-ll--7 2. 310 

~~~i~~:r~~~: ===~~=~==~~~ ~~~~ ~~~=~~~~ :::::::::::::::::::::::::::::::::::: =~== ~m ~: ~E9=~! ~ ~: i~ 
G Icon do .. .. ___ __ ........ __ ______ -- - - - -- ____ ................. --- .. ------ .... 2979 21-1}-79 5. 260 

!f[~~:t~~:~~~~~-~~~~~~~:~:i::i:i ~~~~~~~~~~~~~~~~~~ ii!!i!!-!iii!i!i 1:=- . fJ EJ ;: m 
Carr:e F .... .. .. .... ____ ........... ----- -- -------- ----- ---- -- ---- ----- ---- .... 2371 1- 11}-79 10. 320 

_ti~~~r~l:~ -~-i~-~~~~~~~~~~~~~::::::::::~~~:: ::~~~~=~~:~~ :~~~~~ :::::::: :: :~:: :::: -----~~- ········ ~·--~~~~-~- ----~~ ~:~. 
tm:: ~~~~i~_:: :::::::: ::::::::::::::::: ::::::::::~ ===~ :::::::::::::::::::::::: ~i~ ~- ~g::~~ ~~ ~~; 

~jj~~~l~jll.,_iii--!i!ii!!!ii·!·~-~ i-~!!i!i!i!i!!!i!i!!!!!!!!! :!i!!!!; ~ "~~~ :t i 
p~:it~:~~-- ~.:: ::::::::: ::::~::~::: :::::: :::::::::::::::::~==~: :::::::::::: :::: ~~~ ~=If-~~ ~~: ~~~ 
Little D ou btful ---------------------- -- --------- ---- -- -- -- --- ------------ -- -- 2762 1lf-9-80 . 717 
Golden Gate ............ _ ................. .. .... __ . . .... ... . .. ................ ---- -- .... ------------ -- -- - --- .... .. ___ _ 
Golden F leece---- -- ----------------- -- -------------------------------------- 24 25----- 0 10.330 
J immie wisher----- ---------- -- ------- -- ...... . .. -- -- - --------------------- -- 241 6 24-9-- I 4. 083 
Glacier placer------ ------------- - ---- ........ ------------ -- ------............. 24 7 5, 6-11-80 60. 000 
Champion --------~----------- ---- ---- ---------- - -------- --- - ----- -- -- .... ---- 2565 2, 3-11 2 10. 330 
Ten Per Cen t ------------------ --------------------- ----------- ------ -- ------- 2563 1lf-{}- 0 10.320 
Old Maid-------------- -- -- - - -- - --- - - ------------------------- - --------------- 25-3 1 21)..-{}-79 6. 169 
Mou ntai n Lake placer -- -- ------- --------- - ---- --- -------------------........ 2494 15-1}-79 20.000 
Presiden t ____ _______ ___ -- - - ------- ---- ___ .. ----------------------------- --.... 2906 5, 6-9-80 10. 3'20 
Gera ld Griffin --------- - -------------------- - --------------------- - - ------ -- -- 2496 6-9- 10.200 
Carleton ______ ------ - ------------------------------------------ -- ---- - -- ----- 2495 6-9- 10.040 
Lupe . : _______ __ _ --------------- -------- --------------- - ---- .-- -------- --- .. .. 2508 31}-1}-79 2. 575 
Burkey-- ------------- -------- - ---- - ---------------- ---- -------- ........ ------ 250S 11}-1}-79 .~. 469 

ezahualcoyoty l _____ -------- - -- --- ---- ------ - ------------ ... --- .... ---- -- - -- 2601 19, 20-1}-79 4. 096 
Cora Bell ... ____ .. .. ---- ------------ .......... .. --- --------- ---- ...... -------- 2600 11}-1}-79 6. 701 

rna~~~b ~:.2_:~=~~~~==~========~~~=:::::::::::: : :::::::::::::::::::::: :::: g ~~ 33-1}-79 
M inonk -- --------------- -- ---- - .. .. .. .. -------- -------- -- ---- .. -- .. .. ..... -- - 2820 33-1}-79 
Bon T on ----- - ------ -- ------- -- ----- -- ------- ---------------------- ---- ------ 2571 33-9-79 

g~~~?:~~;~~~~~~::: ~~~~~~~~~~~~~~~~~~~~===============================: :::: ~ I tt~g 
Edith . . _- ---- ------------ ..... ------------ .. ...... - --- ------ - --- .... ---------- 2586 33-9-79 

~~i:~~;::i~~~i~i: i:i:ii~ii~ :i~~~~m:::m~:mmmii~~~:::m --~-~ -----~~ I- -,~:-
Wilkesbarro o. 2------------ -- -- ---- -- - -- ------------- -------------- ----- -- - - 2813 6-9-80 10. 250 
Wilkesbarre N o.3-------- - --- -- - ___ __ ---------------- - -- -- -- -- ---------- --. 2812 6-9-80 9. 700 
Big .. .. ... ------- ----- -- ------ ------ -----------·-------- -- -- ------ -- -- -- --.. .. 2576 31- -80 10.330 
Banner -- ---- ---------------------------- ------------------------- ----- - - __ __ ------ ___ _ .... -- - - ----------- . ------ ___ _ 
Mascot te -- ---- -- -- --- -- -- - - --------------- -- - -- -- -- --- -- -- --------- -----..... 2752 28-9-79 5. 240 
F risholm ----- ------ -- -- ---- - --------- ---- -- --------------- __ ___ ---- ------- -- - 2592 7-9--80 10.330 

t~~ n:~~: ::~::::::::::::~=~ ====~~:::: ::: ::: : : : :::::::::::::::::::::::::: : ::: = 31=t= l J~j~o 
Power ------- ----------- ------------------------------------ ---- - --- ---------- 2829 1-9- I 10.3-30 

3. 250 
4.350 

10. 330 
8.420 
1.000 

• Canceled ; no patent. 

District or P~ 

alifornla. 
Do. 

St. Kovin . 
Do. 
D o. 

allroro la. 
D o. 
Do. 
D o. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

St. Kevin. 
olifornla. 

Do. 
Do. 

Allcnn tc. 
Olifornla. 

Sugo r Lon I. 
alfforuln . 

Do. 
t. Revln . 
al ifornla. 

Do. 
Do. 

Emplro Gulch. 
Lacks wanna. 

EmP.irc Gulch. 
oh rornln. 

Chalk ll anch. 
t . ·Kovln. 
olirornla. 

Do. 
Lackawanna. 
Red Mountain 

olirornlo. 
D o. 

Froncb Gulch. 
alirornlo. 

t. K vln. 
ugar Loaf. 

Twin Lakes. 
Lackawa nna. 

ugar 'Loar. 
Colifnrnla. 

Do. 
St. Kevin. 

Do. 
Do. 

nllfornla. 
Do. 
Do. 
Do. 

Do. 
D o. 
Do. 
Do. 
D o. 
Do. 
Do. 
Do. 
D o. 
Do. 

St. Kevin. 
Do. 
Do. 
Do. 

California. 
S t . Kevin . 

Do. 
Do. 
Do. 
D o. 

Sugar Loar. 
Ca lifornia 

Do. 
Su~ar Lam. 
Ca li fornia. 

St. Ke>l n. 
Do. 
Do. 
Do. 

Twin Lakes. 
Ca lifornia. 

Do. 
Do. 

St . Kevin . 
Do. 

aliforn l• 



MINI G CLAlMS IN LAKE COUNTY 

Mining claims in Lake County, Colo., officially surveyed for patent from Sept. 10,1870, to J uly 15, 1925-Continued 

survey No. 

l(S9 ---------- ------
1100 ---- -- ---- ------
1101------ ----------
111:6------- -- - ---- --
1110------ ---- ---- - -
1111-------- ---- ---
tll9 ------ ---- ------
1131----- ----- ------
1133 ------ ---- ------
1153 ------ -- -- ------
1159 ------- ---- ----
tl61--- -- ----- -----
tl62 -- ------ _ _. ----
tl63 ---------- ------
067 am-- -- --------
ll76 -- --- ----------
tl 4--- -- ----- -----
tl93 ----------------
111» ------ -- --------
U9.i --- --- -- .. ---- -
!208 ---------- -----
l1()9 ---- -- ---------
rtl1---------- -----
m9 ---------- -----
!230 ----- ---- ------ -
IU!Bm--- ---- -----
!2« aiD-------- ----
!245.----- ---- ----- -
t216 ------ ---- ------
t2l9 am .. ----- ------
!253 -- ------- - ------
1254-------- -- -----
!261 ---- ----- ----- -
t263 ---- ----- -- - ----
1264------------ ----
1269 ------ - - -- -----
{271 . ----- ------ ---
!272 --- - ------------
17i6 ---- ----------- 
!297 -- ---- ---- ------
12911------ ------ ---
l305 ----------------
1310 ------------- ---
1311 ----------------
1314 -- --------------
1315 ------ ------ --- -
1329----------------
1330------ --- --- ----
1334----- - -- --- -----1337 __ __ __ ____ _____ _ 

t3.12am ------------
!3.16 am-- --- --- ----
!3.17 ----------------
(!62_ ___ __ ----------
1379------ ---- -- --- -
1380 am-------- -- --
1384 --- ------------
!386 -- ----- ----- ----
1390------------- ---
1391 -- -- ----- - ------
1397 ------ ----------
~03 ------------ ----
1413 --------- --- ----
1414 ---- ------------
4126------------ ----
1426 .. ---- --- -- - ----
4!36 ---- ------------
!442 ------- ---------
ll50am __ _ ------- --
~64 -- ---- ------ - --
lt\5 ------ --- · -----
~56------------ --- -14b7, _____________ __ 

l4b8 ---- ------ ------
1159 ---------------
«ro ----------------
~61 am.----------- -
1462am ..... -------
~63 -- --------------
1476 --- ------ -- ---- -
1477---- ------------4! ! .. ______ _____ __ _ 

1182-------------- --
1485 ---- --------- --
IIS6am -------- -- --
«Q; ---- ----- - ----- -
1496 ---- ----------- -
1407---- ---- ---- -- --
4499---- ----- ---- ---
1.100------- -------15!)1 _______________ _ 

1528 ---- ------------1.132. _____ -- ------- -
ll36 ---- ------------
1537 ---- ------------
1!42 -----------·--- -

~~an,-::========:: 
US4 ---- ---------- --
1.162_ ____ ---- -------
1.163 --·- ---------- .. -
1567 ------------ ---
IS73 --------------- -

Mineral 
entry o. Loration Area 

(acre ) 

Vermont ______ -------------- ------------------ ----- -----------------------·-- - 5-10-79 10. 320 
N ew Hampshire ____ -------------------------------------------------- -- ------ 5-19-79 10.280 
Pine Tree ______ ------------------ ----------- ----- ---- -- ----------------------- :;-19-79 10.330 
Rough and Ready-- ---------------------------------------------------- --- --- Zl-8-79' 10.330 
E ldorado ___ _ ------------------ -- ---------- ------------------------ ------------ 1~- I 10. 330 
Wasirakin.------------ -- ------------------------------------------------------ 6--9-80; 1-9- 1 10. 330 
Victor H ugo·------ ----- ------------------------- ----- ------- ------ ----- --- ---- 1--{1-- I . 965 
P oor Boy----------------------------- -------------- --- ------------------ ------ 4-9-81 10.330 
Barry EarL- ------------------------------ ------------------------ ------- ----- 26,27- 11-82 10.330 South Eagle _____ _________ _____________________ ____ __________ ----- ----- -- --- --- 2-19-79 8. 114 
Liberty _ ---- ------------- -- ----------------- -- ------------------------ --- ----- 33--{1--79 10.330 

now-------------------- -------- ------------------------------ ---- --- --------- 2020=9-9-7799 37.· 705~64 
X. y. '1' - - -.------ - ---------- -------- --- ---------- ---- ---- -- - ---- -- ----- - ------
ElberL------------------------ ----------------------- -- ---------------------- - ~7799 3. 630 
Clarence --------------------------- -- ----------------------- ------------ --- --- ·~~ . 77~ 
Butcher Boy ------------------------ -- ---- ------------------ ------------------ 1--{1-- I 10. 330 
Comet ___ _ ----.----------- --------------------- ----------- --- ----------------- 32-9- 7 3. 646 
Badger------------------------ ------------ ------------------------------------ 26, 27-19-79 10. 330 

~0~~1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ---·-ml- iH=
79;ttfi- ---~g~~-

J _ M . ------------ ----------- - ---------------------------------------- --- -- --- 2764 36-9-~ 9. 800 
Bessie Stewart --- ----------------------------- -- ------ ------------------------ ~~23 3f=~ ~ 

9
: :g 

V. H -- · ---------------- --- ------------- - ----- --- - ---- -- - - --------=--------- 2753 19-9-79 2.150 

fJ~~~:ji;:::;;;:;r~;;;;:J::~:~!!~!!!!}!~!!!!!:;:;;;;;;;;;:;;~:~::~;:;; . i "· ·~m r ~ 
Hiawatha --- .. --------------- ------------ _ 

terling --- - -------- ---- -------------- --- -- ------ --------- ---- ------ ----- -----
Paragon ______ ____ ---- ------- - ------- - ---- ---- -- -- ____ -------- ------ -- -- ------
Kildare ___ - ------- -------- ---- - --- ---- -- ----- -- ---·- ---- --- -------- --- -------· Isabel ____ . -- ------ _ ----- _ -- ---- ___ .. _. _____ __ _____ .. ______ __ _____________ __ _ 
•ew Discovery- ------ --- ------ --- ___ ------- ---- ------------------------------

Pres on -- ---- ------ _ _ _ _ _ _ _ ------ ______ ------------------ -___ ----------- __ - __ 
K. R. L. __ ------ --- -- ------------ - ___ -- ---------------- ------------- _ -----. __ . 

~~}~~~';'-_-~;-~=\~(;:;-·;;;~~\-~\-_~~~~\!-!~!!~!!!-!!-!\-![-~-~-~-~~~ -- -~- -- ---~:~ ]~-
0 ' ame placer et al. (4) -------------------------- -- ------------------------ 2

7 
1 

3
0-9-79· ~9-80 4. 49 

~~Jl!~:F:~:~::=~~:~::~=:~=m~:. ~=~==:~~:=:=:~:m:m::==~:=m:=~m ~ :~i J.m 
Emma Sopbm et al. (2)---- - ---------- -- -- ---------- -------------- ------ ------ 3024 13-9- 1 16. 27 

b~n~a~a~ t1e!~~ -(~~~:::::::::::::::::::::~:.-::::::::::::==== ==================== 2847 24, 25-9- 1 .950 

now ------------- - ---------- ----------------------------- ----- -------- ---- -- 3 6 14-9-79 10.281 
Oro o o ----- ------------------- ------------ ---- ----- --- ---- ------------ ·--- 49 1 24-9-81 13. 407 

ell io . et al. (2} -- ------ ------------L-------------- -- ---------------- ------- 2916 24--{1-- 1 4.500 
on oro . --- ----- ----- ------- -------------------- ------------------------- - · --- 2919 24-!}--- 1 4. 073 

Yellow Jacket ---- ------------------------ -------- ---------------- ------ -·-- --
Prince A !bert ---- -- -------- ------------------------- -- ·----- ------ ---- --- --- 4043 
L compton -- -------------------- 20 J 
DJanoho . ---~~~ ~~:~~~~ :~:: ~=~=~= ::::::::::::::::::::::::---------------- ------ ~sso 

:~~~;~~~{~~~~I~ ~i~~m~~~~iii~~~m~~~~~~~~~~~~ll~m~~ i~~~iiiillm~ ~~~~~~ _____ rm_, ________________ ___________ __ _ 

[~:~~;.(:j~~~~~~ji:j:m[j~j[~~[j~jjj~[~[~~[~[~[[=~~m:mi:::mm -- ~ I 
Coosoli<latod Capt. Kirby placer __ __ ___ ___ __________ _______ ___ __ __ __________ _ --- --3!82- ~ 1-9-81 

i~~J~:~~~===========~~====:::::::::::::::::::::::::::::::::::::::::::::::: ~~ i~~~ 
a Canceled; no patent. h Canceled Juno 6, 1 95. 

District or place 

aliforoia. 
Do. 

Empire Gulch. 
Alicanto. 
St. Kovin. 

Do. 
Do. 
Do. . 

Hed Mountain. 
Empire Gulch. 
California. 

Do. 
Do. 
Do. 
Do. 

St. Kevin. 
California. 

uion Gulrh. 

California. 
Do. 
Do. 
Do. 
Do. 

St. Kevin. 
California. 

Do. 
Do. 

Sugar Loaf. 
California. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do . 

Sugar Loaf. 
Empire Gulch. 
Cnlifornia. 

Do. 
Do. 
Do . 
Do . 

St. Kevin. 
English Gulch 
'!' win Lakes. 

alifornia. 
Sugar Loaf. 
California. 

Do. 
Domes take. 
Thompson Gulcb. 

uga r Loaf. 
Do. 

California. 
Do. 

Sugar Loaf. 
Cali fornia. 

Do. 
t . Kevin. 

Red Mountain. 
ugar Loaf. 
nion Gulch. 

Do. 
Sot. Kevin. 

Do. 
Do. 
Do. 
Do. 

California. 
Do. 
Do. 
Do. 

F.mpiro Gulcb. 
Alicanto. 
California. 

Do. 
Do. 

Sugar Loaf. 
Do. 
Do. 

California. 
Sugar Loaf. 
St . Kevin. 

ugar Loaf. 
Cali fornia . 

Do. 

Do. 
Do. 
Do. 
Do. 

St. Kevin. 
Do . 

Sugar Loaf. 
HalfMoon. 

353 



354 GEOLOGY A D ORE DEPOSITS OF LFtADVILLE MINI G DISTRICT, COLORADO 

Mining claims i~ Lake County, Colo ., officially surveyed for patent from S ept. 10, 1870, to July 15, 19115-Continued 

Survey No. 

4586 ----------- ---- -
4500 ----- ---- -------
4591 ------ ---- ----- -
459 --- -- ------- --- -
4605 -------------- - -
4608 -- - -- --- ------- -
4623 am ------------
4624 --------------- -
4626 am ------ --- ---
4640----- - -- --- -----
4650 --------------- -
4653 -- --------------
4554 ---- -- ----------
4659 ----------------
4660 ab ------ -- -----
4667 ------ ---- ------
4668 ------ ----------
4686------ ----------
4687-- -------- ------4691 ____________ ___ _ 

4692 --- ---- ---------
4701 ----- --- ---- ----
4703 ---- ------------
4711 am ------ ------
4715 ---- ------ ------
4724 -- --------------
4725 ---------- ------
4727 -- ----- ------- --
4728 ---- ------------
4739 ---- ------------
4743------------ ----
4752 ----- ---- - -- ----
4769 am--- ----- ----
4775-- -- -------- ----
4781 --- ---- -------- -
4782---- ----- -------
4818 --- - --- ---------
4 22-------- ----- ---
4833----- -------- ---
4866-- ---- -- --- ---- -
4 93---- -- ----- - ----
4934--------------- -
4959 ---- ----- ------ · 
4970 -- -----· --- - ·-- -
4971 ---- -- ---- -- ----
4973------- - ----- ---
4980------ -- -- -- --- -
4985 -- -- ------------
4992------------ --- -
5005 ----- -- - ------- -
5006-------- --- -----
5018------ ----- --- --
5035 --- ---------· - - -
5036 -- -- --- -- -- -----
5037 - -- ----------- --
5038 ------- - ---- ~ - - -
5044 ---- -- --- --- ----
5052----- ------- --- -
5067 ----- ---------- -
5089----- --------- --
5116-------- -- ---- --
5134 -------- -- - ·- ---
5135 --- --- ------ ----
5136------ --- -------
5143 ---- -------- -- --
5152 -- -- ------ --- ---
5170 ------ ------ -- --
5178----- -----------
1)100 - ----------- - ---
5201------ -- --------
5209 - ---------------
5214 ---- ------ -----· 
5228 -------------- --
5229---------- -----· 
524.2 -· ---- -- --------
5252---- ------ ---- --
5255------------ -- --
5263---- ------- - --- -
5271----------------5282 am. _____ __ ____ _ 
~239 ----- -- ------ ---
5296------ ----------
5299 ------ --- -------
5307------ --------- -
5325------- --- ------
5347------ --- --- ----
5356 ----------------
5357 ----------------54.05 am ___ __ ____ ___ _ 

5405 --- ------------ -
5406 ---- ---------- --
5422 ---- -- ----------
5423------ ----- -----
5436 ---------- -- ----
5494 ------ -- ----- ---
5525 am .. _---- ------5531 ___ __ _______ , __ _ 

5641 •• - - - - -- - - - - - · - -
554.8 -- - - ·-------- - --
5558 · --- ----------- -5561 ___________ ____ , 
5563- --- ---------- --
5594 ---- -------- -- --

arne 
Mineral 

entry No. LocatJon Area 
(acres) District or Place 

Maxy __ ------------------------ __ -------- ------ ------ _ ----- ---- ---------- ---
Kentuckian o. 2 -- -- ------------------------------------ ----------- ----- ----

2985 
3223 
3121 
3104 
3029 

2 1-9-;-~~ 
13, 14- 9- I 8. 163 Sugar Lone 

Sifter et al. (3) _ --- _ ------------ ---- ---- ------------ -- ---- ------ -- ---- ---- ---
Theodolite o. et nl. (9) ------ -· -- --- -------- ----------- -- -- ---------------
Pawnolus et nl . (3) --- -- - - ---- --- ------- ----------------- - ------- - -----------

7-9-79 23. 160 Calllornla. · 
2-11- 2 92.970 Lackawanna 

17,18-9-79 ao. 222 Calilorula. . 

~~~\Y;m~:mm--:-m::::_\):__):m:_::mmm=-m:~:::)__) ----~- --------Jggl- - --r~-
Oolden Ledge ut al. (5) --- · ----------------------- - - - - ----------------------- - 3~~5 1 =~~~ 48. 92 
Silver Dollar-- -- --------- ------- --- -- --------==================== ==== ====:: =: ~d ~2-9-80 1o: ~ 
~:CJonai-IO<i'e-auci'Fairis'hffiiil5it'e-=:===:::::: ___ ______ , ------ ---- ------------ 3367 32- so; 5 o 1. 917 
General Sherman ------ ---- ------------------ --- ------- -- ----- ----- ------ ----- ~~ 30-9-79. ~~=.;:., ~ 10. Ill 

~fu~~~~:_-:::=-:~mm::m-mm:-=:-::--:m:: --:m::::::-:: :m ~ , __ ~;~ If~ 
Kansas an~ Inez (2) ---------- ---- --------- ---- --------- ------ --- -------- - ---- 3005 5, 6-1(}-79 20. 662 
Little Allie et al. (2) ---- -------- --- -------- --- - ------ ------------- --·-------- - 3313 24-9- I ll. JJO 
Ulrica and Superior (2) ---------- ----------------- ---- ------------------------ 2996 14-9--79 19. 530 

t{f.fili.~:l~iii~i-iii~i-i~:t:tt_t_:::iiiliitti~::~~~:_ ::t:iii:t:ii:i::i~i ~ ~ ~~~ J m 
Amawn sud Honduras (2)----·-- ------ --- ---- ----- --------------------------- 3102 I -9-79 14. 296 
SU ver Champion et al. (2) ____ _ . ___ ---- - -- ------- ---- -- --- --- ----- -- ---- ------ 3077 I 9--79 16. 301 
Scotia ___ _____ -- ---- ---------- ---- ___ ----- ----- -- -- -- ----- ---- ----- -- --------- 3080 7,18-9-79 10. 330 
Mercantile ________ ____ ________ _____ ___ --------- --- - ---- - -------- -- -------- --- - 3079 l -9-70 5. 732 
Little Anna . . . • -- --- ------- ------ -- ----------- ---· -- --- --- ------- ------- -- -- ·- 3151 33-9--70 3. 113 

~R;!:~Jfu~~;E~==:::=~======~======::::::=:==::::::::::::=: :::: :::::::::::::: i~~ JS. ~:o-t ~n~ 
6~~~~~= ========~===~==== = ========= === ==== : : : ==~======== :::::::::: ::::: ===== = ~: 1 ~ 7' ~-~~ ~: 1~ 
~J'ha~h;L~l~~~~_Y-~~~-~:: ======:::=============== ====== ===: :=::::::=:=::=::=: ---- "3i20" -------- --21 __ 9_ ·79- ----7: i02-
WeiL ______ ____ _____ ____ __ ------------------ __ ______ -- -- --- ----- -- ----- ------- ---------- 21-9--79 5. 000 
J. 0 . M ----- --------- ------------------- -------------------------- -- ------ ---- 3101 17-9-79 10.000 
Dolomite --------- -- ------ ------------------------------------------ -------- -- 3093 19--9--79 1. 261 
Tillie H . • -- -- - ------- --- ----- --- - ---- ---- --------- --- --- -- --- --- --------- ---- 3161 I -9--79 10.330 
Eureka---- ---- ----- -------- -- ---- ---------- --------- -- ------- --·-------------- 3089 19-9-79 . 699 
Minneapolis· -- ------------- --- --- --- --- -- --- --------------------------------- 3291 -79 10.330 
Logan-- ------- -- - ---- ------- --------------------- ------------- --------------- 3150 I - i 10.330 Little Aurora. ______ _ . _____ ____ ___ __ ________ -------------- ______ ___ ___________ ----- ____ _ ------ ____ ------- ___ ------. __ _ 
Water Jacket. ________ ---- __ __ -- -------------- ---- --- ---- ---- - ---- ------ ------ 3156 18-9-79 . 440 
Lucky Star----- -- -- ------- -- ----------------- --- --- ---- ---- --- ----· ---- ------ 3155 18-9-79 6. 610 
Eliza ____ ·- ___ ------ ----- --- ----- - -- --- -- - __ __ ---- ------- ----- ---- ------ -- --- - 4063 17-9--79 9. 000 
Rocky and Snow F lake (2)-- -- -- -- - ------ ------- ------ -- ----- -- - ---- ·------- 31 4 21-9-79 9.395 
Puritan ------ - --- ---- --- - --- ---- -____ ---- -- ---- · ------------------------- ·--- 3570 6-9--80 6.430 Stormy __ _____ _____ __ __ ___________ . ___ ___ ___ __ ___ ____ _____________ __________________ ---- ____ ----- ___________ -- ---- ___ _ 
Scbulberr __ ------ _________ _____ _____ ____ _____ __ __ __ __ _________ ___ ____ ____________ __ ____ _____ --- -- _______ ______ ___ ___ _ 
Dun boy------- - -- --- ----------------- ------ ------------------·-------------- - 31 6 5-1(}-79 10.330 
Lord Byron ____ ___ ___ _______ ______ _____ - --- -- -- -- ---- ------- -------- -- ------ 3136 32-9--79 4.270 

~~ts~g;;ci:::========: ::=: = :::::::: : ::::::=:::: : ::=::::==== ::======:::::::: : ::: 3~ 5
' s=~~;g :g: ~g 

0' ei l and Lady or the Lake (2>------- ----, ---------- --- -- --- ----- --- -------- 3219 5, 1(}-79 20.660 
Sulphide o. ~ et al. (4>------------ ---------- ------ --- ------------- -- ------- - 3113 7-9--79 40.940 
Malvina __ __ ______ . , •• --- -- -- ------- ----- --- ------------- --- ------ --- --------- 3106 16-9--79 10. 330 Bradford Belle______ __ ______ __ _____ _______________ __ _____ _______ ___ ____ __ ____ 3119 5-1(}-79 10.110 
Wellington ------------ ___ ..... ------------- -----· ------- ____ _ --- -- ----------- - ---------- ------ -- ---- _ ---- --- ----------L lttlo '!'roy__ ___ ______ _______ ________ _____ ____ ____________ ___________________ 3121> :JO II 70 10. 328 
Baby ------------ ---- -------- -- ---- --- ----------------- ------------------ - ---- 3316 1 79 I. 954 
Arlington o. l et al. (3) -- --- ------ ------ ----------- - ---- ------- -------- ·---- 31 6 17 1 -9--79 25. 070 
Proserpine et al. (2) ______ --- ---------- -- - ---- ---------------- ----- -- --------- 315i 19; 3(}-9--79 10. 413 

~~~i!t;~i:~\,"!i~i~i;l;~;i;\iii\(:;;;~;;(;!;i\!i~!I%\! iit; _. __ I_ ---· ·- ~~:_m __ JI_ 
Hattie Clark No. 2 et al. (3>------------------------------------ ---------- ---- 3242 2 9--79 26. 10 

¥~tie~~k:t-ai:<4>=========:::::::=============== == === :·: == = = ==== = = ======::::::= ~i11 i~~ ~?: f~ 
M.onitor o. 1 et al. (20)--------------- ---- --- -- --- ----------- ---------------- 3342 16, 17-9--79 202. 112 

~~~~fC~b~~b-i!l =i~~=<~3=.~ ~~~~ ~::: ~: :~:::: :::: :::::~:::::::~:::::::~:::::::::::: :::: -----~~~- ___ ______ _ ~~~~- _ --~~~ ~~ _ 
B ue R1 on et al. ( >- --- ------ ------ ---- ----- · ----------- ---- -- --- --- -- --- -- - 3331 16,21-9--79 65.242 

~t~~1;i~:;:~·~,"';i;;;;;;; ;;;~~~;i; ;;~;; ;;: ;;i~;:i;::::i:::;~i~:;;; :-:::~: :: __ ----~HI : -~:: 
Clidmax et al. (3)t ______ ____ _ - -- -- -- - - - - - - -------- - ------ - ---- - - - -- - ----- --- --- - 3347 1, 2-10-79 28. 617 

r~~~1~:1~~f~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -----¥~- --- -27;26;:g=~- --i¥o~ili-

Do. 
Do. 
Do. 
Do. 

St. Kevin. 
California. 

Do. 
Sugar Loar. 
St. Kevin. 

allloroia. 
Do. 

St. Kevin. 
Sugar Loaf. 
St. Kevin. 
Sugar Loaf. 

Do. 
E mpire Gulch. 

ugar Loaf. 
all!ornia. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Sugar Loaf. 
aliloroia. 

Do. 
Do. 
Do. 
Do. 

Uall Moon. 
ugnr Loa!. 

Do. 
Call Cornia. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Buckeye. 
Alicante. 

Cnlilornla. 
Do. 
Do. 
Do. 

St.Kevio. 

Empire Gulch. 
Colilornia. 
Empire Gulch. 

Do. 
Do. 

ali!ornia. 
Do. 

Empire Gulch. 

Orn.ult.o. 
California. 

Do. 
Do. 

St. Kevin . 
Do. 

California. 
Do. 
Do. 

St. Kevin. 
ugar Loa!. 

California. 

Do. 
Do. 

St. Kevin. 
California. 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 

St. J> evio. 
California. 

Do. 
D o. 

Empire Gulch. 
Birds Eye. 

E llsh . S~evio . 
• Canceled; no patent. 
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Mining claims in Lake County, Colo., officially surveyed for patent from Sept. 10, 1870, to July 15, 1925-Continued 

Name Mineral Locat"JOD Area I D " t . t Ia ~s_u_r_v_ey_N_o_._-1------------------------------jentry No.i-------i (acres) ___ 's_ n_c_ or_ p_ ce __ 

Hidden Treasure ... ------------ - ------------------- ----- ---------- ------ ------ 3625 25-9-80 1. 174 1696 ---- -----------
!631 ---- ------------
5640--------- -------
5644------ - ---------
5645 -------------- - -
5619 ---·-- ----------
5650 -- ------ ------ -
;662 ---------------
;664 ---------------
;665 ---------------
)632 ---------------
;691 ---- ---- - -------
6692 ---- --- --- --- ---
6694 ---- ------ ------
6697 -------- --------
5701 ------------ ----
;711 sm- -----------
!729 ----·----- -----
;7!0 ---- ------------
67&1 ---- ----- ----- - -
;786 am ---------- --
580'1 ---------------
. 3 --------- -- - ----
584 --------------- -

76---- -- ----------
5919 ---- -- ---- ------
;9.\3 ---------------
;990 - --- ------------
6296 ----------------
V¥!7 ab .. - ---- -- --- -
6020---------- -----
flfll. ------ ---- ----- -
11)12 ------ --- ------
!057 ---- -- -------- -
il)69 ---- ------ ------
6076 ---- ---- ----- ---
6087----------------
6091 -------------- --
6110 ---------- - -----

6i64 -- -- ----- ---- ---
1173 ---- ------ -- ----
6180 -- --------------
11 ---- ------------
6190 ---- ------------
6210---- ------------
62!1 •.• •...•... .. • .• 
6232---- ------ -----
6200 ---------------
!Z79 ---- ------------
6291 -- ---- ----------
6333 ---- ---- -------
(1334 - - -------- - - ----
6357 -- -- ---- --------
6379 -- --------- -----
1380 ---------- ------
6391 ---- ------ ---- --
6397 ----------------
61~ -- ------- ----- -
&154 --- -- ----- -----
&155 ----- -------- --
&159 ----------- ---- 
&162 - --- •• J •••••••• • 

M&l ---- ---------··· 
&166 - -- --- ---- -----
Mi8 ---- --------- -- 
&190 ••• •....• •. •. . .• 
6.i03 ----------------

6~~~t~oi~"t:: ============ == ==~============= ================================== ~~ ig~~ : ~ 
~~~fif~~ e;t a~L--61):::::::::::::::=:::::::::::: ::::::::::: ::::::::::: : :::::::::: : ~~ 22, 23, 26, ii=\8=~~ :&: ~~ 
Wintry------------ - ------ -- - --- ---- - -- --- ------------------- -- -- ---·---------- 3329 ~SO 9. 666 

~~~~~~~La~~ ·i'sA";;ison(25:::::::::::::::::::::::::::::::::::::::::::::::::::: ~~ 31-8-;fl~~~ ~: ~ 
Or.tober ------ ---------- -------- ----------------------------------------- ------ 3262 3(}-9-79 . I 1 

~r··i,Potn~"rEodtih~e-rs\)e··~w ::<~>=~~~~~~~~~~~~~~~:::::::::::=~==========: : ::::::::::::::: • ~3~4goo~ ~~~ ~: ~ 
• ------ --- -2-.:..:J·o-···:,9·- j·- -;_-9-.2--1--Clyde ..• -- ------- ------ ----- - ------------ ---- ------------------ ---- ------ -- -- 3746 , 

P aterson ... ----------- ---------------------------- ---- -------- --- -- --- ----- --- 3392 - IG-79 1 10. 307 
Massive placer------- .. . - ------------------ -- ------------- ----------------- 3362 26, 27--9-SO 160. 000 
Elbert placer--------------------- -------- ------------------------------------ 3361 33-9-80 132.256 Coruelius. _________ ____ ________________________ __ ____ _ ---- -- - ---------------- - 3470 29, 3G-9-79 . 6SO 

~r~~1r~~~~~e~~~;<~~5==:::::::::===== ================================ ====== H~ 1 • ~E~ ., ~~: ~ 
~i'd0~~~ :~~\ • .1!?6urn"(il):::::::::::::::::::::::::::::::::::::::::::::::::::::: m~ 12

' ~r=~~ 1~: ~~ 
~b~l~~~~~~~~~- == ========== = ========== == ======== ========== ==========~===== ==== m~ 31, 3~9-~ 2~: ~~ 
~:~~~~-iiiace~::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: · · ···a4si · -------- ··a2.:..:s=79· ··47:· 94--
Mnvllower aud Sun !lower (2) --- -- ---------------------------------- ---------- 3546 3(}-9-79 6. 073 

¥ou1i·n~ :::::::::::::::::::::::::: :::::::::::::::::::::::::: :::::::: : ::::::::: ~~4 2~~ 1~: ~~ 
Peak L ode aud P alisade mill site (2l-- -- --- -- -- -------- - ------ ------ --- ---- -- - 3352 25-9-79 15. 125 

~~~~~;;;~'~f_\_\~~~~~~~ '~:~~~~:-!:i:!!-l~!-~!~-l!~~l~!~ll ~~)~~!!~~~! 1 ii ~ m· 
Caribou-- -_--- --- ------- -- -- -- --- -------------- ---- - ----- - ------ ---------- -- -- ~44~ __ 1~-SO ~-~ 
Yellow Jacket.----------- -------------------- ----- ------------------ ---- -- ---- 325 31 SO, 6 9-80 . 

Unkuowu et al. (5) --- ----- -------- ------- ---- -------------------------------- { :l!79 } 26-9-79 46.36 · 

il!~;~;\l\'~~;:;;;~;\\\j\\;;:;;;;\l!\li:!\j\;jiljj;;~\\;:;~~j;\;: I 
~~~~~~~~~~=~ ===== ===:==== = ========:==================== ===== =========== ==== =- ·· -- ~~~~- ---- ---~~:~e~r --~n~--
Alico and Marjory (2) - · -- -- --- -- - -------------------- - --- ---- --- -- ----------- ~60 ~l-9-79 2. 538 

~- ~- ~-- "a".lCi"vaie-nti-ne:::========================::::::::==== = ====~ ===:::: ::: 3:l ~t:t=~ ~: ~n 
P~ggj. McCallum ...... .•.••. ---- - -------------------- -- - --------------- ------ ~~ 26 35-9-79 10. 326 

~N£~~~I~u~~t=~~~~·~~~~~~~=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i~ 16 ~t~E~~ &~~ 
Black Cloud .... •.•• . •.. -- -------------- -- ------- ---- - -- -- ··- - ···-·------- ----

3590 
' 33-9-79 7. 549 

Free Coiuago eta!. (2) ---- -------- -- -- - ----- ---- -- -- - -- -- -- ---------- ----- -·:: 
4473 3

2 33-9-79 4. 973 

ifu~~i~?s·~~:!:~<~!~:::: :::::::::~:::::::::::::=:::::::::::::: ::::::::::::= :: : , n~ . ~1=~~ l :~ 
J1m Blaine •••• -- ------------------ ---- ------ -- ------------------ -- -- ---- ----

3699 
35 3~79 10.133 

llv r litL •...•.•...... ·------ --- - -------------- - ----------- ---- -------------- - 13' 24-9-81 ~ 10.331 
i.il :::::::::::::::: Extension opper KJOg •..••• •.•••..• ------------ ----------------------------1 ffl~ 

3
6- '

1
.
1
_9- 1 10.331 

~79 :::::::·:::::::: ~~~el .Ar"ei:liC(2):::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 3s;4 2~~7~ ~: ~~ 
a.;go ______ ____ ______ l ummi~ and urnmit o. 2 (2l------ -- ----------- -- - ------- - ------ ----------- ) ~4~ _

1
o-

79 
19.663 

; \~!!~~~\\\\!-~! !~~~lillJ~'~\\\ll~~~;;;;;~;;\~-~lll~\lll~\))::;;;;\\lllll~\ll\\ll\) ~ "}~ illi 
1129 . .•• -----------. John Wa ouamaker ot al. (2) •••••• • •...•••.• - - ------------- - -- -- --- ---- - ------ IJ- 11- 2 } · 

Thistle ct a l. (2) -------- ------ ---- - - ------------ - ----------- •• -- •••••• : ••..••. ---- -37io· ··- is,"i9"2ii=ii.:..:·i- ~ --46:006·-
A. M . 'l'homns et al . (5) ••••. ----------------- ------------ ------------ ----- - --

38
66 '1 11- 1 10. 331 

H1~~::~~~--:i~: ~~;:::: ::::::::::::::::::::: ==========: =====:::: :: :::=:::::::: :::::~i~: :::::::::: ~~~i~=1== ~=~~:: 
ora and Orouud Il og (2l------------------ -------------- -- --------------- ---

491
3 19-9-80 10.331 

. ,;~;:;;-;;;::: i!liiii:;;;:;;;;;;;;;l;;:;;;;;:;;;;;;;;\;;~;;;lj)jj~jjj)jjj:j~j;j :::::j: :::: ::;i: ::li. 
: Jg :::::::::::::::: MorrinlOC o. 1 ot al. (3)------------------ ------------------ -- ---------------- :$87l 36-9-79 4. 408 
~11132.., 1 -::::: :::::::::::::::::: :: :::: :: Oiamoud Field . ·--------- ---------------------------- -------------- ---- ------ 3961 1~ 16 21-JJ- 2 28. 547 
..., \Vhito Quail et nl. (3) - ---- ------- ----------------------- ---------------------- 3962 ' ' 15-11 2 30.779 

Gold Dug et al. (3) ------ ----- --- -- -------------------- ------------------ - ---- -
• Canceled; no pa:eut. 

Ca!Horuia. 
Do. 
Do. 

Uuiou Gulch . 
Empire _Gulch. 

t. KeVJu. 
Do. 

Califomia. 
Do. 
Do. 
Do. 

Empire Gulch. 
Do. 

California. 
Do. 
Do. 

Sugar Loaf. 
California. 
Sugar Loaf. 
California. 
St. Ke\>in. Calif oro in. 
St. K evin. 

California. 
Do. 

t. Kevin. 
California. 

Do. 
Em pire Gulch. California. 
St. Keviu. 
Ca lifornia. 
T ennessee Park. 
Birds Eye. 

t. Kevin. 
Sugar Loaf. 

t. Kevin . 
Oali!ornia . 
Empire Gulch. 
AlicauLO. 
California. 
Empire Gulch . 

Do. 
Lake Creek. 
Empire Gulch. 

ugnr Loaf. 
California. 

Do. 

St. Kevin. 
Homes take. 
California. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

'l'wio Lakes. 
California. 

Do. 
Do. 
Do. 

Empire Gulch. 
California. 

ugar Loaf. 
t . KCVIO. 

Twiu Lakes. 
California. 
Empire. 
St. Kev in . 

Do. 
Do. 
Do. 

Twiu Lakes. 
Do. 
Do. 

Do. 
Do. 

California. 
Do . 

Do. 

Twin Lak 
t. Keviu. 

Do. 
Do. 

Sugar Loaf. 
California. 

Do. 
Do. 

Red Mouutaiu . 
Do. 
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Mining claims i n Lake County, Colo. , offiC'ially suTVeyed for patent from S ept. 10, 1 70, to J uly 15, 19£5- ontinuect 

Survey o. 

6933 -- - ------------ -
6949 ---- ------ - --- - -
6965 -------- - - -- -- --
6971 -- - - - -- ---------
7003 ---------- ------
7005---------- ------
7014 ----- - ---- - - ·---
701 ------ ---- -- -- --
7071 -- -- -------- --- -
7124------ - -- - -- ----
7125 ----------- - - ---
7141 ----- - ---- ------
7142 a. m--- --- .... 
7180 -------- ---- ----
7197 -------- -- --- ---
7210 --- -- - - ----- - ---
7226---- - - ------- - --
7230 --- --- - - - --- - - --
7233-------------- --
7242-- -- - - -- - --- ----
7256---- - -- - --- -----
7259 ------ -- --------
7269 -- ---- - - -- - --- - -
7294 - -- - ·--- - --- - --· 
7306----- --- -- - - - -- -
7314 - -- ----- -- - - ----
7316 - ------ · - - - - ----
7344 ---------- - - ----
7365- - ------ - - - -- ---
73~2 -- - - ----------- -
7557 --- --- - - - -----·-
7572 -- - -- --------- --
7579 ----------- ----· 
7581 ------ ----- - - -- -
7620----------------
7725 ·-· --- --------- · 
7759---- -------- ----
7 68 - --- --- - ---- ----
7 75 ------------ - - · · 
7 gg --- --- - - --- - - - - · 
7926 -------------- -· 
7928 - - -- ---- --------
7933 ---- - - ---- -- ·--· 
7997 ------ - - ---- - - --
7998------------ -- --
8015 - ----- -- --------
8036----------------
8040 ---------- --- ---
8052----------------
8060----------------8201 _______ __ ___ ___ _ 

215 ----- - - --- ---- --
8232------ -- ----- -- -
824 ----- - ----------
8249 ------ --- -- ----
8300 ------ - -- --- ----
8328 ---- ------ - -- ---
8361 ----- - ---- -- - -- -
8457 ---- -- ---- ---- --
8466 ------ - -- - ---- · -
8469 ------ - ---------
8509 --------- -- -----
8512 - - ---- ---- ------
8514-- - --- --- ----- --
8515- -- -- - ------ - - --
8521 ____ __ __ ___ ____ _ 

8536 - - ---- --- --- ----
8554 -- -- -- -- ---- ----
8576 a. b --- ---------
8594---- -- -- ------ --
8595 --- --- ------- ---
8613------ ---- ------
8621 -- - - · --- --- - ----
8650 ------- - --------
8658 --- -- -- - ---- ·---

727 ---------- - -- - --
728----------------
779 -- - - ---- ·---- ---
17 --- - --------- - --8835----------------
1 ------- --- - - - - --

91 - -- - -- --- -------
942----------------
979- -- ---- ----- --- -

0 ----- -- - - -- ---- -
982- -- ----------- --
990 ---- ------ ------

8991 ---- -------- --- -
8996 --- - ---- ---- ----
999 -- ---- -- ---- ----

9010---- - - ---- -- ----
9039----------- - ----
9073-- ---- -- - --- -- --
9074 - --- --- ----- ----
907 - -- ------ --- - -- -9099------------ ----
9105 -- - --------- --- -
91Jl ---- -------- - - - -
91!2 - -- --- ----------

• Canceled ; no paten t. 

rune Locn tion Area 
(acres) District or Place 

·rwio Lakes. 
St . K evin. 
Twin Lakes. 
Californ ia. 

Do. 
Empire Gulch. 

Do. 
California. 

Do. 
T win Lakes. 
Calirornla. 

t. Ke vin. 
California. 

Do. 
St. Kevin. 

alifornia. 
no. 
Do. 

Oranite. 
a lifornl . 

Do. 
Do. 
Do. 

California. 
!:lair Moon. 
Oranite. 
'!' win Lakes. 
Callroroia. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

English 0 ulcb. 
Do. · 

California. 
Do. 

Do. 
Do. 
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Mining claims in Lake County, Colo. , o.{]i.cially surveyed for patent from S ept. 10, 1870, to Jttly 15, J9g5-Continued 

survey No. arne I Mineral Location 

------!---------------------·------- entry No. I-------! 

Area 
(acres) District or place 

9119 --- ------- ------ Annie C. et al. (4) · ··-· ·- -·----- -- ------ ---- ---------·---------- ---------1 6358 9-79 32.209 California. 
9177---------- ------ Cro,yn PoJOt et al. ( >-------- ------ ---------------- --------- ------ --- ------- 3008 15,16-9-79 72.317 Do. 

~ ~:::::::::~ :=:: ~g;~I~~;~r;~:::~H:@:::~:~H: H:: :_ ~ -m : :::_: :~:::~ -;~- -- ----- -~~ , -,~ ~J 1 ~· 
9269 ____________ ...• 

1 
nesurrcctwn o. I et al. (I D) -- -- ---- ••••••• •• •••••••• ___ •••••• ••. ____ __ __ ____ 3972 22-9-79 , . 14S: 169 I no: 

9')74..----------- -- -
1 
M~rkt Jr.et al. <3>------- ----·------------- ---- ---------------------- 3922 8-1D-79 22. 7 Empire Qulcb. 

9275 -------- ----- -- - Ei_k o. 1 et nl. (10) --------------------- ----- -- ------ -- -- ---- --------------- - 3935 { 3J~79 J} 100.7 0 Do. 

mr ~~=~===~::::::: 1 ~~:~irfott~:;j~:~r~~~=============================::::: ::::::::::::::::::::::::' i~i <:SE~I I 20.
715 ~~~~::~~lch. 

9292 ---- ---- -- ----__1 Manhattan et al. (10)..... . .............................. ... .. ........... . .... 4107 { 31 , 3~7~ Do. 

:J :::::::::::::::=' ~~Ws~ i~8¥~~e~-~8ii~:::::::::::::::::::::::::::: :::::::::::::::: :::::::::::: ~~ r2E~~ 10. 247 califo~~~a. 
930I-------- -------- ~w Duffalo and Carleton (2) ------------------------------------------- --- -- 4038 5-lo-79 15 600 Empire Oulcb. 

California. 
•rwin Lake~>. 

Empire Oulrh. 
California. 
Empire Oulcb. 

alifornia. 
Empire 0 ulch. 

Do. 

9371 ·--------------- E;vehue Valsh eta !. (2)- -- ----- ------- ------ ------------- ----------------- --- - 3992 4.5-1D-79 1 1 528 E~: 
~;i am·:::::::::::: 5*~~:tdcte~\~~::::::::::::::::: :::::::: :::::::::::::::::::::::::::::::: :::: ~~~ ~5~h~g::~~ 21: i3~ c~ii~g~nia. 
9377 -------- •• •• ---- Ango~a placer ------------- ----···· ------- ---- ----- •.. •.••..•••.•••.... -- --- --- 4034 16-9-79 r 5 . 930 Do. 

~ m:::m :: m ~f.i~ii:''H : ::::~:H~m~:::m~ :::~::~:::: - :: ::-::= ::~:::~~:~ · ":!~1- -- -w,~~- ;~ m-' c:,'~:,:~" 
9413 ------ --------- - Golden Eafle .....•... ·------- ----------------------------- --- ... •.•. --- -----1 3950 S. 17-ID-79 1 041 I Unlon Gulch . 
~14 ---------------- Mud ill e al. {4>--- ------------ --------- -- ---------------------------------- ---------- -------------------------- --- -
gm -------- ---- ---- Kauffman--------- ------------- -- ----- --------- --- -- -- ---------------------- -· 3969 3a~79 2. 071 alifornia. 
9422 ---------------- Roady ashe al. (6> --- ------ ------- ------------ -- --- ------------ ----------- _l 3949 9, 16-JD-79 61.986 1 Union Gulch. 
9424 --------- - ---- -- Pussy ct al. {16). .. ---------- --- ------------------ - --- --- ------ -------·- --- -- -- 4094 14, 15, 23, 22-ID-79 I 152.527 Do. 

E~ ::::::::::::==~= g~sJ~~,;~t;~=~;~::::::::::::::::::::::::::::::::::: :::::::::::::::: ::::~:: ~~~ s, Ii2E~~ I 2t ~ I ~~~~~~~Icb. 
9443---------------- olorado To. I eta l. (21) .. -- -- ·---------------- ------------------------------- 4102 26,Zi,34,35-ID-79 213.1 nion Gulch. 
9444 . •.. --------.. . . Little Dot. .. . . --------------- -- -- •..• ----- --------- --------------.......... . . 4000 32-9-79 J. 974 nlifornia. 
944 ------ --- -- ----- B~lle or the West et nl. {4) •.•• ------------------------------ ------------------ 44 27-9-79 29.272 I Do. 94 ........ ___ . .. .. Della nee No. 5.----------------------- ______ ------ ______ ____ -------- ______ .... I_ _____ ,. ___ ••• ________________ .... ____ _ 

~92 :::::::::::::::: r.~~~-~~~~;~;=~~=~=:~~~:: ::::::::::::::::~::::::::::: ::::::::::: ::::: ::::::: Hrz · ir=E~~ 5

~: ru 
9470 ------------.... Mineral and Puzzler (2). ------------- - - ------- ---------- ----- ----------- ------ ~ 3957 1 21,22-9-79 7.883 1 

9497 --- ------------- llnrd Times and Good Times (2) - -- ---- -- -- ---------- ------ ------- ---- --- ---- 3965 22-9-79 15.1 6 
9509---------------- Argonaut----------- -- ---- ---------- ------ ------ -- -- -- ------ ..... --- ---------- 4010 32-9-i9 . 086 
9010 ....•••. ----.. .. Birdie () . ..... .. .•••... •. . .. .....•.. ------ ........ ------ .••••• ------. __ ------- ____ ---- -- ••. _____ __ _________ . ------ ___ _ 
9012 ----- ------- ---- Ajax et al. (11) .. -- ---- -- ••.. ------ ---. ----- - ----------------- ----- ••.• ---- --.. 397 6-1o- 112.80 
9022 ........ •. •..•.• Whip . ...... -- ----- - .. .. ------------ ... ......•. . ... ------ - ... ..• ----------.... 39 I 29-9-79 J. 896 

~ :::::::::::::::: ~t'.tuwe-,;::::::::::: ::: ::: ::::::::: :::::::::::::::::::::::::::::::::::::::::::: m~ ~: ~-t~~ g: m 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

ugar Loaf. 
Oaliforuia. 

Do. 
Do. 

9.137 ------ .. . ---- --- Part of Chicftai n ..•..... .. .......... .. ..... .........••. ........ . •.......•• . . .. ----- - ...•. --- ..• ------- ------ ••.. ------

:~ ::::: ::::::::::: ~~~ :tn~ . ~3s~-~~~~~~~=~~:::~:~:~:::::::::::::~::::::::::::::::::::::::::::::: ~~ ttz~ 2~: ~ u~~~:~i~~ch. 
:L:::::::::::::: ~.fo~e hristo:: . ••••..• :: - ~:: :::::::::::::::::::::::::::::::::::::::::::::::: ~g;> 29-11-;9 10:331 Granite. 

1 .•••••. --- ------ Brown --------------- - .••... •..••••.•. -------- --. --- ------ ------ ---- -- -------- 41 13-9-80 10.139 California. 
---- -- ---- ---- -- Part or May Queen .•••....••••.• ----- ----- ---- ---- ----- --- ------ ------- ------ 39 1 19-9-79 . 386 Do. 
·· -- ----- -- ----- g~~~~~~t-~~·- ~~>_ : ~ ::::: : : ::::·::::: ::::::::::::::..:::::::::::::::::::::::::::: ~~ 14, 2~~r=7~ 2~: 6s~ 'l'wi~0Lakcs. 

:L:::::::::::::: Four Per eot •••• ------ ------ -------------------------- ---- -------- ---------- 431'2 13,24- 0 4. 219 California. 
11676 ..•...•• ____ ..•• Jasor . ----- - ____ . ___ ••.••••. ____ •••. ..•..•..... _ •.. _ ... . -- -- ----- - ------------ 4119 24-9-80 7. 202 Do. 
170'2. ••. ••••••••.•.• Bard hance nod W. 0. (2) ... . ... ---- ------- ----- ..•. ____ -------- ------ ---- 4009 8-ID-79 20. 561 Empire Oulcb. 
1116 ....... . •.•• .•.• Fniry Eitel , o. 1 et nl. (3) -- ---- -- •••••. ·---------- ---- ------------- ----- .... 411 4, 9-10-79 30. 370 Do. 

~ :::::::::::::::: ~~~r~?~uciZ ei:aC<3)·:::::: ::::::::::::::::::::::::.::::::::::::::::::::::::::: ~o1i ~~~ 6: gg~ C'auPo~~ia. 
~4~ -- -- ------------ ~"nl"·iow ____ ______ ____ _____ ________ ______ -·---- ------------ ----- - ·----- ------ 3~2 ~~~~ ~n~~ g~: 

j mm~m~~~~~~ ~5*;;~~~~~m~m~m~~~m~~~~mmmmm~~~~~1}~~~~~~~l~m~~~~~~~~l~ ~~~ 13
' h=§ij ~:ill I E ~~~ a I h 

9l •.••.•.•..••••.• Emma t nl. {4>------------ ----- ------------------ ---- ---------- -------------- 4055 4, 5, , 9-ID-79 29.326 (;'n~Jre. u c. 
9916 ---------------- Omega , o. 1 eta!. {1 ) ••...• •..•.•.• __ .•..... . .. ____ __ .... .•... ___ _ ----------- - 4109 16-9-79 163.502 alit;rma. 

:k:::::::::::::::: !f~k:~~~~:::::::::::::::::: ::::::::::::~::::: :· ·:::::::: :::::: :::::::::::::::::: :m ~~w U01 ! . .n~:a 
1 

h 
193s ••••.• •••• .••... Dcrlln o. 4 ct al. (4)-- ------ ---- ---------- ------------ -- ·---------------- --- 4 2 34,35- 1D-79 41.015 Um~ u c · 
0936--------- ---- -- - P~hnnr ---- ------ -------- ••••••.• . _ .. _____ .•. __ •. ________ •. ___ .•. _____ ... _ ..•. 4003 33-ID-79 ~0. ~0 Do. 
Vll39. .•.•. ••..••.••• DI·Motallic o. l e al (JO) -------------- ------ ------ - - ------------------- ----- 4067 23-10-79 3. I I r o .. 
l'l.\8 ------ ---- --- --- _m uggl r nod Star or llope.. •• ---------------------- -- ------------ --- --- ---- 4076 3~9-~~ 1~: m E~~ ~y~nl8.ulcb. 
111% ••••••.•. . ------ Frid ay ta l. (5)------------ --- --- ------------------ -------- ------ ----- -------- 4031 5 ID- 1 ~ . 
IIXXlll .... . .... . .•..• ohtmbine ---------- --· ---- ----------- ------- -- -- -------- -- -- ---- -- ------ ---- 4059 ~=9-~~ ~~: gg j n 'n~~~a. 
:1* ::::::::::::::: LTiue ~;Y:::::::::::::~~:::::::::::~:::~:::::~:::::::::: :::::::::::: ::: :::::: !8';~ ~9-I~ 

25
· ~~ Eo. 

10090 ....• .•. . ....•• s.nglnaw Volley 0.1 et nl. (3>- ------------------------ -- ---- ------------------ 403~ 22
1
•
7
-9-7•9 19· . .,_,,2 D 0

0
: 

10098 ····•·•·• . ••.•• 'Ji.SSJO OL al. {3) ---------····· .•• ••••..•.....•• .. •...•..••..•..•••. ---- --· ------ 401. " 
:~:~ ::::::::: :::::: Ale. onder placer. ••••... --------------- --------- -- ---- ------- ------- ------ ·--- -----4(144" ·------2-ii::i·--79" ---51:550·1 Empire 0 ulch. 
0 O~ld Duckleet al. (6) --- -- --------- ---- ------- -------- ---------- ---------- --- - 4061 ' 5-9- 79 10.1.310 Cnlilornla. 
:~10 ::::::::::::::: t:,t~l~n~i~~~!~-~:_9_1~_<:~! :::::::::::::::::::::::::::::::::::::::::::::::::::::::: 40M 13- 0 2. 044 Do. 
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Mining claims in Lake County, Colo., officially s"rveyedfor patent from Sept. 10, 1 70, to July 15,19:86- ontinued 

Survey No. Name 

10230--------------- Golden Eagle et al. (3>------ -------------------------------- -- -- -------- -------
10345 · -------------- Florence' o. 1 et al. (3}---- ---------- ---- ---------- ------ -- -------- --- --- --- ---
10354 --------------- Little Maggie o.1 et al. (2).----- -- --- -- ----------- --------------------------
10382 --------------- Yalu. o. 2------------ ------------ -- ---------- ------- -- --- -------- ---------- --
10389 ------ --------- Mary et al. (9) ------- ---- ------ --- ------- --------- --- ---- --- ---- ----- - --- ----
10412 . ____ •• •. __ •• -- Zoo •••••••• • --- ___ .•• . ..•.•.•..•• . -- ------ ---- ------ ---- --- - --- - · ------ ------ -
1044 ------ ------ --- Vestibule et al. (4) ____ --------------------------------------------------- -----
105JJ ---- -- --------- Wandering Refugee ..... ------------------------ ---- --------- -- ---- ----------
10512 ______ -- -- - ---- Kansas Boy---------------- -- ---- ----- ------- ------ -- ---- --- - -- --- ------- ----
10i71 -- ------ ------- Favorite and Blanche (2)-- -- -------- ---- - -- -------------- ---- -- -- -- ---- -- ----
10807 ....... ......... Minnesota et al. (5}------------------------------------::::::::::::::::::::::: 
10840 ------------ --- Lafa yette o. 1 et al. (4) .. -- ------------------------- --
10844 -------- ------- Seigniorage et nl. 12 ...... ------------ ---------------- -- ------------ -- -- --- ----

Location 

4,5- IQ-79 
16,22,--9- 79 

16- 9-70 
21- 79 

7, 9- 79 
13- 9-0 
9-1Q-70 
5-IQ-79 
5-IQ-79 
21-9-79 

14- IQ-79 
14- 70 

23,27- 9-79 
10872 --------- ------ Mary---------- ____ ------------ -- ------ -- --- --- -- -------------- ---- --- --- ---- ---- -- --- - ------------ ------ -- ------ ----

m~r ::::::::::::::: f.~~.a~~~:M~~~~:!?~:::~~=~~~~~~::::::~::~:~:=~~~ ==~==~~::::::::::: : :: : :: :::: -----~~::· ---- ------~E~~- ---~:~-
JJI2I ________ _______ Blue Belle o.let al. (8) .. ......... .. .. -- -- ----- -- -- ------------- -- --- -- -----

0 24 
9- · 

7 

m:I ::::::::::::::: ~~~?:ff~~i;;::::::::::::::=~~~ ==:::::: ::: :::::::: : ::: : :: :::: ::::::::::: ::::: :J~i r~t~~~ 4 ~: i~ 
11237 --------------- Fourth or July o. 1 et al. (4) ----------------- ------------------ ---- --------- 4 0 13 9-80 70-060 
11238 ---- --- ---- ____ om met et al. (9) ------------------ ------ ----------------- -------- -- --------- 417 - 9- 5. 416 
11264 ----- ---------- Gold Belt ' o. 1 et al. (3) ---------------------- ------ ---- -- ------------- --- ---- 421~ 11, ]!- 9-~~ 30. 900 

H~ ::::::::::::::: i~r~t~:~~=~=~t=;~::::::::::::::: ::::::::::::::::::::: : :~: : :: :::::::::::: :::: Hh 11

• ~8=~~ ~: m 
11297----------- ---- General Grant et al. (2) ------------------- -- ------------ ------ ------ ------ --- 4191 , 17-9-79 20.054 
11323 --------------- Steam Boat and Pilot (2) .. ---L------------------------ --- -- ----- -- ----------- 4137 17-9-79 20. 5 

m~ ::::::::::::::: ~~i~~~:::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::=l H:~ ~:=E~g 'I ~: ~~ 
11357 am ----- - ----- Virginia Dare and Mina (2) ---- -- ------ ------ ----------------------------- ---- • 439 12- 9- I I . 592 
11359--------------- County Line ---- ------ ------------------------------------ --- ---- ------------ 4132 l1- 1Q-79

1 

7. 74 
11375-- ----- ---- __ __ Stanton ' o. 1 et al. (2)------------------------------ -- ---------------- ----- -- 4133 n-9-79 15. 956 
11382. -- ------ -- ---- McGoff's Last Chance .................... ------------------ -- ---------------- 4142 33-9-79 . 4 

m: =~====::::::::: ~~:,-~ J)ii-."oor::::::::::::::::::::::~~=~=====~== ====== ===== ===== == = ===== ==~~== :~ ~~ 7~ a
9
: m 

11421 --------------- Dexter et al. (7) .... -------------------- --------------------- ----- ------------- 4213 17, 19,20-11- 82 1 70.19 
11436 --------------- Little Bob ........ --------------------------------- -- ------------------ -- ---- - 4192 21-9-79 . 470 
11443 --------------- Cliff---------------------------------------- ---------------------------------- 4212 26-11- I 10.331 
11446 ------ --- ------ DiRmond et al. (2) -------------------------- .... ---- -------------------------- ---------- ---------------- ---- ----------
11468 -------- --- --- - Misanabie et al. (2)-------- --------------------- -- ---------------------------- 4112 15,16-9-79 16.280 
11478----- ----- ----- Mule Skinner.----------------------------- ------ --------------------- ---- ---- 4211 2 11 - I 10.331 
114.79--------- ------ Looney C. and Edwa.rd E. (2> ------------ -- ------ ----------- -------------- ~ 24-II---S1 20.662 
114 0 --------- _____ Jack Whacker ---------------------------------- -- -------------------- -------- 4210 24-11 I 10.331 
11485 ------- -------- Whale et al. (3) ------ -- -- --------·------------------------------- ·------ -- ---- 4175 li-1Q-79 30. 79 
11492 ---------- . ____ Cornucopia-- ---- -------------------- ------------ .---.... -------------- --- .... ~ -- - - - ---- --- --------- ---- .. . . ------ ----
11501 -- ----- .... ---- C. M. Fraction ______ .... --------------------·----------- ---------------- . .... 4213 33- 9-79 2. 954 
11555----------- ---- Gold Spoon o. 1 et al. (2)------------------------ ------ ------------ ...... .... 4159 34-9-79 15. 
11567-------- ------- Eclipse o. I et al. (5>---- -----------------------·--------------- ---- ---- -- --- 4150 14- 9-80 40. 24 
11614-------------- - John Lawrencl6 .... ---------------------------------------- -- --·--- ------------ 417 34-8-79 10.330 
11617 ------- -------- Pharmacist No. I et al. (2)--- ---- ------------------------- ------- ------------- 4265 19,3o-9- 79 1.19 
11622 ------ ..... ---- Sequah et al. (9) ----------------------------- ------- ·--------------------- ---- 4167 13, 14-9-80 68. 833 
11657 ------ · -------- Alpine ____________ _____________ ---------------------------------- -- ---------- 4162 27- 9-79 9. 290 
11668a. b ----------- W. J. Bryan .... ------------------------------------- ------ --------------- --------- ---- - ------------------------------11682---- ----- -- ---- John Reed et al. (JO)____________ _____ ___ __________________ ______ __ __ ____ __ ____ 4172 12, 1~ 79 9.034 
1169 ------------ --- Grover Cleveland------------------------------ -------- ---------- ---- -- -- -- --- 41 31- 9-79 6. 993 
11701 --------------- Honest John No.1 et al. (4)---- ------------ -------------- -- -- -- --------------- 41 9-79 33.764 
11715 --------------- C. K. and Quincy (2>------ -- -- -- ------ --------------------------------------- 4245 35-IQ-79 15.561 
11721 --------------- Hennesy. --------------- --------------------- ----------- --------- .. --- --- -- -- . 4165 24-9- 1 2. 242 
11741 --------------- Easton and Weston (2) .. ---------- ------------------------------ ---- -- ---- --- 4270 13-9-80 12.356 
11770 -- ------------- Cayuga placer__________ _____ ___ _____________________ ______ ________________ ___ 4524 23-9-80 12. 5 
11771 am .. .......... Brown placer-------- ---- -------- -- -------------------------------- ---------- - 4182 23-9- 0 7 . 323 
11777 ----- ---------- Bow------------------------------ -- ---------------- ------- ------ ------- ------ 4180 21-9-79 3.139 
11809 -- ------------- Extended Hope·----------- ---- -------------- --------------------------------- 41 35-lQ-79 . 437 
11 73 -- ------------- Ticket Broker No. I et al. (3) -- ---- ---- -- ------------------------------------- 4219 14 -9-79 24. 362 

g ~ ::::::::::::::: ~~~~dl) ===========================~ ========= === ===== = ======================== !ko:l 1 ~~o-~~ I~~: 
m~~ === ======== ==== f~g~kA. (ug:~~~5~~ ====================== =======~=== == = ==== = = ======= = = = = = ==== -----~~~ - ----------~~~~ - ---~~-~~ -
n~ ~~==:::::::::: ~~~~~nio-;;-nt:::== ==== ========: ::: :::::::::::: :::: : ::::: :: :::::::::::: :::: :::::: :~ 35

• 
3rs=:~~~ ~: ~ 

12046--------------- Chieftain------------------------------------------------------- -------------- 4312 29,31- 11- 79 7. 970 
12054 --------------- CoUin CampbelL __ ______ __ _________________ __ ____ __ _____ -- ---- -- ------------ 4313 35, 36-lQ-79 10. 3'l:l 
12064 --------------- Strike----------- -- ---- ------ ---------- ---- -- ----- --- -- ------------------ -- ---- 4256 19,20-9-79 . 462 
12065 ............... Berlin o.1 et al. (3>-- ----------- ------------ -- --- -- ------ ------------ ------- 4264 35-IQ-79 29. 146 
12067 ------------- -- James _______ ____ ___ _______ ____________ ____ -- ---- ------ ---- -- ---- -- ---- ---- ____ 4353 32- 9-79 

i;~~ ~ ~~ ~ ~~ ~ ~~~ ~ ~~~~ ~~~~~-;r~-~5~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~ ~~~~~~~~ ~ ~~~~~ ~ ~~~: _____ ;~~- ~- _______ ~~~~ _ ~--______ _ 
12079 --------------- D1amon S. et al. (6)--------------------------------------- ------------------ 4276 10,15-9-79 5 . 083 
~~ ::::::::::::::: yogin Campbell No.2..-- -------- --------------- ---- - ---- ------------- ------- 4417 35, 36-1Q-79 10.307 

~~1~ :::~:::::=:: ::: ~~#1~~~e~~~!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~ ~ ~~~~~ ----·:m· ---------~~~- -- -~~ !f 
1
2

167 --------------- ~ Bo~rd of Trade No.1 et al. (11)_______________ ______ _________________ __ _______ 5052 g 10, 15,16-9-79 106.194 

~ili6 ====~~=~~~::::: ~~~~ae_t-~~=5~~~:::::::::::::::::::::: :::::::::: :::::::: : :::::::::::::::::: : : : : !~ ~· ~7~ 72: ~ 
1224 7 - ------------- - ~ Bel n Francesaqd Nina (2)----------- ------------------ ----- ---------------- 4287 15; 22-o-79 1 . 697 

~~ :::::: :==== ==== ~~;~1ct;k:(i:::::::::~:::::::::=::: :::::: : :::::::~ ::::::::::: ::::::::::::::::::= :293 
29

' ~~~ 1~. ~~~ 
123 0 ----------- ---- ~ 0 .. K. and Five Per Cent (2) -------------------------- ------------ ----- -- ____ 4391 13, 24-9-80 10. 142 

l~!3 ::::::::::: :::: Pn~~~mi:::::::::::::::::::::::: :=~~~===~~====== ==:== ==:: : :::::::::::::::: : m~ ~~~ i: ~~ 
12~g------------ --- Hams No. I eta!. (5) ------------------------ ------ ---- -- -------------------- 5027 14,15-9-79 51. 57 
~2443 -------------- -~ ~nzlh~r o. 1 et al. (4 ) -------------------- ---------------------------------- 0988 9-79 1 712 

}~~ :::::::::::::: ~i~e~ ~~rem·~\~>~~;=~~~~~~~====~=~==~=:::::::::~====:::~::::::::::::::::: ·~ -~~~~~~~~=ttf ---~r~~-
• Canceled; no patent. 
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Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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Do. 
Do. 
Do. 
Do. 

St. Kevin. 
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Sugar Loaf. 
Birds Eye. 
Red Mountain. 

aliforola. 
Twin Lakes. 

California. 
Twin Lakes. 

Do. 
Do. 

Empire Gulch. 

California. 
Do. 
Do. 

Birds Eye. 
California. 

Do. 
Do. 

Aliraote. 
California. 

Do. 
nlon Gulch. 
ugar Loaf. 

California. 
Do. 
Do. 
Do. 

Unlon Gulch. 
allforn la. 
nlon Gulch. 

California. 
t. Kevin. 

California. 
Union Gulch. 
Lake Crook. 
caurornla. 
Empire_Oulcb. 
St. Kevm. 
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Buckeye. 
California. 

Do. 
Do. 
Do. 
Do 
Do. 

Do. 
D<> 
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Mining claims in Lake County, Colo., offi.cially surveyed for patent from S ept.. 10, 1870, to J uly 15, 1925-Continued 

Survey o. ame Mineral 
entry Location Area I 

(acres) District or place 

:~ ::::::::::::::: ~~~~J~ ~~:~~ :1::~:: :;::~:~~== :::::::::::::::::::::::::::::::::: :::_:_: -_--_- -_--_-: __ :-__ -_-= 
!2600------- -- ------ . I () -
!!626--------------- Gold Cham o.1eta. 3 - -------------------------

~-~j-~-\ jl_j_ \\\ i~~~~~t~'"\-ulo '\ ~l ~ ~) ~~~ ~~ ~~-~)) ~ ~ \ ~~ )) ~j~ ~: ::\ j\\ ll::: \jj~~ :~_:_l_:_:_ ~-~-
1:171 ·----
!7i39 --- --- --------- r:yn~Tri!-:: ::::::::::::::::::::::::::::::::::::::::: :::: ::::::::: : _-: :-_-_-_-_-__ -_--__ -
m~o ·-- ------------
m~ ~ ~:::: :::::::: ~}~~~n~~~1e~l-e~ ~ ~ ~~~ ~~~~~~~~~~ ~~~~~ ~:: :::::::::::::::::: = === ::_:_:_:_: -_-_:_: _:_:_::_-_- :_:_ 
!:1i93 ·-------------- , 
!2859 ------------- .• Aurora No. 1 et a!. (2) ______ --------------- -- --------- -- ----- - ------ ---- ------

!2857 --- Bartlett To. 1 et al. (Sl-----·-------------------------------------------------
!:!882 ::: :::::::::___ ChautauQuan -------- ------ ___________ _ -------- ________ . ---------------------
1 ------- -- - -
i2896nm. -----------
!2900 ·- ------ - ---- -
!2993 -- ---- --- ---- -
!3002 .• --------- ----
13021 -- ------ -------
!3016 --------------
!3017 -- - -- ---- ------
!3097 --- ---- --------
!3098 ------ --- ------
!3167 -- - -----------
!3173 ·-------------
!3195 · --------------

H 7 
4406 
4389 
4384 
4369 
4397 
5020 
4460 
4300 
4416 
4394 
4374 

30--9-79 
2!--9-79 
3(}--1}--79 
11-1}--81 

17, 20--1}--79 

16. 235 Californ ia. 
4. 754 Do. 

.549 1 Do. 
30.993 French Gulch. 
30. 993 t. Kevin. 
10.035 Alicanta. 
41. 299 California. 
20.662 St. Kevin. 
10.331 Alirante. 

. 66 California . 
36. 534 J Do. 
10.331 Empire Gulch . 

.549 
2. 94 
I. 29 

10,307 
19.652 

Twin Lakes. 
California. 
Twin Lakes. 
Cal ifornia. 

Do. 
Empire Gulch. 
Calirorn ia. 

Do. 

Do. 
Do. 
Do. 

St . Kevin. 
California. 

!3218 . __ __ __ -------- Ka ti c_- ----------------- ------------------------------ - -----------------------

:~ ::::::::::::::: ~~~~t_o-.-1-8ii<i-oii;:x-No:-ic25::::::::::::::::::::::::::::::::::::::::::::::: !t>g ----------fr~f ------- ---
!3238 ___ ----- ____ --- Volunteer -- ------------------------------ ------------------------------------ 4466 21-1}--79 

Do. 
Do. 

Do. 
!3246. -------------- St. M ary eta!. (2l-- ----------------------- ---------------- -------------------- 4461 Hl-11- 2 
!3251 ---- --- - ------- J . 0 . Frartion ------------------------------------------ ---- -------- -------- -- 4552 ~79 
!3304 --------------- Aetna et al. (3) ---------- ------------- ---- --- -------------- · ----------- - ------- 4570 14, 23-1}--79 
!3314 --------------- May D. o. 1 eta!. (6) ------------------------- --------------- ------ ---------- 4497 23- !}-7g 
!3340 _ -------------- Emma et al . (2) - ------ ---------------------- -- ------------ -------------------- 4540 1(}--1(}--79 
!3344 _ ------ ---- _- -- Medium----- ---------------- - -------------- - ------------------------------- 4641 ~79 
!3400 _ ---- ------ ---- Em boJite ------------------------- ---------------- · ----------- ---------------- 451 7 20--1}--79 
13427- -------------- Birds Eye No. 1 et al. (6l ----------------------------- ---- -- ---- -· -------- ---- 4515 1(}--1}--79 

:~~ ::::::::::::::: ~ea~i·a ~·_::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: !~~ ~~~g 
!3.140 -------- ------- Secnndus ___ ----- ----------------- ·------------------------------------------- 4613 29-1}--79 I. 410 

R ed Mountain. 
California. 

Do. 
Do. 

Empire Gulch. 
California. 

Do. 
Do. 
Do. 
Do. 
Do. !3591 __ _ --------.--. Red Rock ____ ______ _____ --- ____ ______ ___________________ _________ __ ____________________ ---------- - _________ ______ ___ _ 

13599 ----------- ____ Hoosier Boy et al. (2) ·--------- -------- ------ - - --------- ----- -- -- - - ------------ 4556 12, 13- 79 17. 28 Allcante. 
13691 _ ---------- ---- Altamont No. 1 et nl. (7) _______ _____ ------------ ------------------------------ 4915 1Q-!}-79 72. 000 California. 
136 -------- ---- --- Golden and Cord (2l---- ---------------------- ------------------------- -- - --- - 4606 22,27-8-79 20.149 English Oulcb. 
13702 --------- ------ Leadville eta!. (6l----- - -------------------- - ---------------------------------- 47 7 1}--1(}--79 55. 120 Empire Gulch. 
13716------------ --- Bug o. 1 eta!. (5)------------------- --- ---------- ---- ------ ---- ---------- ---- 4601 22, 27- -79 43.944 Enfllish Gulch. 
13717 ------- -- ------ Gloucester et al . (6)------· -- ----- -------------------------- -· -- ---------------- 456R 36-9-79 51. 429 Cahrornia. 
13141 ----------- --- _ General Sheridan et al. (3). ---- ----- ----------- ---- ---------------------------- 4640 8, 17--9-79 30. R93 1 1 Do. 
13754 --------------- The IJittle Joe mill site ______________________________ ---------------- ------ ---- 4672 24-11- 1 s. 000 I Do. 

:l~~ ::::::::::::::: ~~~r o:·:i:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :~r ~~ 10:~ I €~: 
1377 ------- -------- Governor- -- ---------------------------- - ------------------------------------- 47 6 2--9-79 10.331 

1 

Birds Eye. 
1 ~0 - --- ----- ------ Bohen and Lane To. 1 et al. (3). --- -------- ------------ ----------------------- t{?=~} 30. 606 Uwon Gulch. 
13850 --------------- Cecil et a!. (5) ________ ------------ - --------------- - --- ---- ---- ________ ----- --- 7, 1(}--79 47. 213 Empire Gulch. 
1 7------ --------- Don No.1 et a!. (3)--------------------- ------- ---- ---- -- -- ---- --------- ------ 14,23--9-79 30. 65 1 Ca lifornia. 
13905 .•• ----- ------- L . W . and F. B. fraction ---------- -------------------------- ----------------- 27-~79 1. 716 Do. 
13~0 ------ -------- - Woodbine --- ---------------------------- -- -----------------------O----------- I 1}--79 2. 544 Do. 
13942 ----------- ____ Greater New York No. 1 et aL ----- ------- __ ---------------------------------- 26, 27-1}--79 45. 550 Do. 
13951 .-------------- Miller .. -- ---------------- --- ------------------------------------------------- 2-11-92 9. 349 Lackawanna. 

ll~~ ::::::::::::::: Ic>.~:_e_t-~~5~~=~~::::::::::::~::=.::::::::~~:::::=.::::::::::::::::::::::::::::::: ~~7~ 3~: ~ ~~Vfr~~i!:· 
::~ ::::::::::::::: LJ~~~ --~~~:.::::::::::::~::::::::::::::::::::::~~:: :::::::::::::::::::::::::: ~tt~ I~~ C~~rr~:;;r:.· 
14192 ___ ------------ American Eagle eta!. (2) -- ----- __ -------------------------------------------- 16, 17-11- 1 9. 470 Twin Lakes. 
1124 ---------- - ---- Little Annie __________________ ------------------------------------------------ 25--11-80 7. 619 Granite. 
14268 __ _ ___ _ _ ___ _ ___ Boa ••. --------------------- - __________ -----_------------ ____ ------_----------- 18-9-79 3. 969 California. 

::~7 ::::::::::::::: v~~~~~c ~::::: :::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::: ~~~=~~ ]Z: ~ Or~~~ 
11291- -------------- Vesuvia ct al. (2)------ -------------------------------- ----------------- ------- 4-1(}--79 17.811 Empire Gulch. 

!~ ~:~~~~:~:~~~::~1 t!~~ :o;l~~;;~c~;:~~~~~~~:~::::::~:~:~~::-:~::::~~~~=~~=~~~~~~~::~~~=~~j Z§ ~· ~ "'"!f'' 
::m :::::::::::::::, 8li~~I:~~~-~:.::_t_~:·.~_::::::::::::::::::::::::::::::::::::::::::::::::::::: 35, ~-10::~9 ;g: ~g ~~~f~r~th. 
::m: :::::::::::::: g~~h .Dni~<:t.--· o: -iei ·ai :::::::::::::::::::::::::::::::::::::::::::::::::::::: i~D::::~~ 11: ~~1 A lican te. 
14406- ---- ---------- Prince or Wales-------------------------------- --- - -------------------------- 1 1~~79 6. 320 Sugar Loaf. 

::m ::::::::::::::: ~~~~e rL£~~r.::.~~:-~:~_::::::::::::: :::::::::::::::::::::::::::::::::::::::::: 22, 26, ~=+~~ 1~: ~!2 ~~~}~~~~ch. 

J!:!i :::::::::~::::: 1 ~~~~i~ ~:;:~~:~~:~~): ===================================~================ :::::: E~ 1~: ~ ~~~i~i~i~.u lch. 

~ ~:~~:~~~::~~::
1 

~~f.f.f~t~~(:~::::~:~~::~:~;~\~\\jl\~~~~~~~l;j:~;ll\~\l~:j~~:l;;;l~j .. ·--lill- ffij [ j !~}J~~~;. 
• Canceled; no patent. I ]I! ill site canceled. 
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M . · z · · L k C t C z offi,.,;ally surveyed for patent from Sept. 10, 1870, to htly 15, 1925- ontinued 
~n~ng c atms tn a e oun y, o o., "" 

Survey No. a me 
-----i---___ __:_ _____________ ! 
14727 ... ------------ Winner . ........•••...• ----····--· ••. --···--- -----·-·------··- -··---·-·---··-
14741 · ···---------- - South Down et a l. (4l---···-·------···-···-·--··-··-··--··-- ------------------
14769 ............... T. 0. M . . .... ......... ................. ------·· ------ ·- ----------------------
14769 .. . ............ J. I. M .......................................... .......... ·----·---------· ···•• 
14769 ... . ........... J. A. C. K ....... ............................. ................ . .............. . 
14792 ... · ----------- Maine o. I et al. (10i .............. --· --- ···• ------·· ·•·· ---- ·--· ·------ ·· ·· · 

Mineral 
entry No. 

4691 
4708 
4760 
4761 
4883 
4704 

Location 

19-9-79 
27,34- - 79 

20--9-79 
2()-9-79 
2()- 79 

12, 13--9--79 

Area 
(ncros) 

14841 . -- ------------ Banner .... . .................. ·-· .... ---· .......... · ·• ··· ---- ---· ···-------- · ·----4729· .......... 2i::·::79" ···io~iial· 

ug~ : =======:======! ~:~~~~~~<4>======:::::::::::::::::::: :· __ ---~~ ~:: :::::::::::::::::::::::::::::: :~~~ ~~~~ ~~: ~ 
1492n .. . ............ Ma1d o. I et al. (4)..... ...... . . ... . . ... 4770 22, 23- 79 51.688 
14986 ............... 

1 

Isabell~ No. 1 et nl. (5) .... .................... ---·---··· ------ ·· · ···--···--· ·· 26--1()-79 20. 527 

~~g ::::::::::::::: ntur~~~y-~~:.1-~t-~~--~~~:::::::::::::::::::: :::::::::::::: ::::~::::::::: :::::: ··-··mr 1i=~1& ~8: ~~~ 
15054 .. ............. Prince Rudolph No. 1 eta!. (2) ..................................... --· ··• • 4919 3--9--79 61.9 6 

~rm ::: :===========\ ¥~r~~~= ~;-~~= ~~~~==:::::::::: ::: ::::::==~==~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~~~~~~ :~ ~:=E~~ ; M 
15103--------- ------ P. K. o. 1 ot a!. (3)........................ 5033 16--9--79 20.662 

m~g ::::::::::::::: ~{.e~i~~u~;_r~ :; :1: m::::::::::::: : ~::::::::::::::::::::::::::::::::::::::: •17 26-1()-79 20.527 
15121 ............... H. Alexander-----------·----·-------- ---------- ----- ------- --- ------------ -·-· ·· ----···--------- ---------··------··· · 

~~ ;;~~;;;!;~;;;;; ~i~tad{~'·rm;(;:~~:~;(~;~~;i~;l~;:~~ii;)ii;;~;i;;ll;~~;;;~~~;l;;;~l ···· -~· ·· ···· ····~1· · ·· ~··~· 
15313 ............. .. Hortense o. 2 et al. (2)....... ......... .................. ... . ------------ 4 67 29- 79 4. 17 15320 ... ........ .... Mabel . .......................................................... . 

rn~ ~~~·i~~~:~~·:i: ;~~~~~-~:··~ '···~'~'·.~:~:.·~i~·~:~~~~~:lll~:::~:- ~:l:::l:~l:::l::::····l?~ · ····· .~~~~ · ·· · :r ~· 
1~439 ..... .......... Camp B!rd No. Ictal. (2)............... . . ....... . ........................... 

4854 17 
26--JL-

1 
20.6

55 1~440 --------------· Camp B1rd o. 3 et al. (2).................................................... ,
1943 20 2

j 
28 
__ 

79 1
7 

5
sa 

15453 ............... Pan Handle et al. 12) ...... .... . ............... ... . .... . ........ .............. • • · 
15491 ..... .......... London Extension No. 1 et al. (6)............ ........................... ...... 4984 35- -79 61.! 10 
15507 ............... Evin.... .. .................................................................... 4. ~6 I~ -71 0420 
15509 ............... Killarney ~t. al. (3) .... .............. . ...... ........................ .. ........ ~67g 23 2 

~ 9 ~: 33~ 

m~ ~~~~~~~~~~~~;~~ ~ii~~~ft,JE.~~~1~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---- -~7~3- ---------'-~~:;:~- ---~:~:-
15736 ....... ........ Philip o.1 et al. (6) ------------------ - - --- ----------~---------- ·--- --------- 5057 IO,ll , l4,1fi-~-79 60.09~ 
15743 _ ........ .... . . Big Johnnie o. 1 et a l. (.'i) ----------- - ------------------- -~-------------- ···· 4911 22-10- 79 51.3$3 
~~~ :::::~::::::::: ~~~k~~\:r"ill ei:acc2i·_-_-_-_-_.._-_-_-_-_-_.._.._.._.._-_.._._._.._._.._.._.._.._.._.._.._.._.._.._.._.._:.._.._.._.._.._ .._.._::--..--..:.._.._.._ .._.._.._.._:::: :9~ 1

' 
2
' 

11
' ~=g=~ 28: ~~ 

15863 ........ ....... Lorraine G.ihson et al . (4) -----------------------· ---·· -- - · -·-----------------· 4933 29, 32-11-79 30-350 
15864 ....... ........ Inez.................................... ........ . ............ .... .......... .... 01306 9- 1 . 924 
15865 ....... . ....... Inez 1 o. !. ...................................................... ............. --- ------- ····----······------ ---- ------
1S8il ....... .... · .... Gertrude ......................................................... c............ . 491 24-9- 1 731 
15880 -----------·--· Belle or Granite mill site...................................................... 0526 29-11- 79 5. 0 

mgg ::--..:::::::::::: ~:~rs~~=~====:====:=======::::::::: =====: :::::::--..::::::--..::::::::::::::::::::: --- --~~~- ---....... ::~~:~- .. -. ~~~~ -
15965 . . ............. California..................................................................... 4920 29-ll-79 10.331 

~~r:~ :::--..:::--..::::::: ~~~~e~0~;-¥oi-'ki3::::::::::"..:".."..::::: : :::::::::::::::::::::::: :: ::::::::=== : !~~~ ~~~~ £ ~~ 

mn ~~~~~~~~~~~~~~~ E4:~-~~~~~~~5~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ;m /: rEf=~i ~: ~~ 
16178 ............... Northern ......... .......................................................... .. 5112 I - I 10.203 
16193 --------- ----- Bonnie Bell .............................................. ............ ........ . 4991 28, 29-11- 79 002 

lg~g :::::::::::::--..: 8~gre~~~=~==~===~~===== ==~==::::::::::::::::--..::.._.._.._.._.._.._ ::--..--..--.. --..-_:.._.._-_.._-_-_._.._-_.._.._._.._.._ ... · · · · ·5004· ---····- --3i ::9::79- ---iii~iii5-
16'266 . ...... ...... .. General Lawton .................................... . .................... . ....... .. .... .. .................. ---- ------
16267 ............... Mamie Ross et al. (9) ........................................ .... ............ 5044 28, 32,33-11-79 66.000 

~~?~ ::::::::::::::: ~rJ!re: ~~~~~-~~~~~:: ::: ::::=::::::::::::: :::::::::::::::: =:: :::::::::::::::::: :::::~~~~: ====== ~=~~~~ .... ~~= :===~= ~~;= 
!I:.~·-·:~~~~~~~. t!lef~1~~~.~~:~:~:~:~~~~=~~~:~.l\l.\l~\ll :::~ :::~::~il:~~l:::::::: .I ~ ~.~\~ ·~ ~ 
16417 -·--· · ..... ... . Ele,-enth Hour et al. (5) ....... . .......... ·-·······--· · ·· ········· ------------ 5167 28, 29-11-79 4 . 907 

~~ ~.m:::.~·j:=: l~~~r~;;::~~·~":~mm: :m :: ~mm m:~m.m :mmm~ i ... ~;~ u 
16734 ------------- ·· Gold Coin No.1 et al. (4) .. .... .. . .. . ... ------······-------------·--· -- -----· ~~ lo-9-79 40.060 

~ :~;:: ;jjjj;:~:: ~w~~~~·,.,::~~::~~~::•::~:::;;::::i~::~)::;;::~::~I:~j~::;~:~~:~:. ; ... ~ :jPJJ it~ 
• Canceled; no patent. 

District or Pht'll 

halk Ranch 
California. · 

Do. 
English Guich 
Union ulch · 
St. Kevin 
Birds Eye. 

Do. 
Calif om in. 

Dn 
Dn 
Do. 

nion ulch. 

California. 
Do. 
Do. 
Do. 
Do. 

nomestake. 
California. 

Do. 
Do. 

Oirds F:ye. 
Sugar Loaf. 

Do. 
Rod Mountain. 
'!'win Lakes. 

Do. 
Do. 
Do. 

Chalk Ranch. 
Dirds eye. 
St. Kevin. 
Birds Eye. 
English Gulch. 

Do. 

Do. 
Do. 

Union Gulch. 
Two Bit Gulch. 
Granite. 

Do. 
Independence. 

Sugar- Loaf. 
ranite. 
aiifornla . 

California. 

Granite. 
Do. 

Twin Lakes. 
Granite. 
Twin Lakes. 

Do. 
California. 
Empire Gnich. 
Twin Lakes. 
Granite. 

Do. 
Twin Lakes. 
Granite. 
Birds Eye. 
English Gulch. 
Cnli!oroia. 

Do. 
Twin Lakes. 
CaJJfornia. 
Granite. 
Calltornla. 
St. Kevin. 
Allcante. 
Twin Lakes. 
Buckeye. 



MINING CLAIMS IN LAKE COUNTY 361 
Mining claims in Lake County, Colo ., officially surveyed for patent from S ept. 10, 1870, t.o Jt,ly 15, 19$5-Continued 

Survey No. 

16912 ------ .-- ---- --
17042 ------ ---- -- - ·-
170.17 ----- -------- --
!i089 ------ ---------
17164 ----- - ------ --
17165 --------- ------
17156 ---------------
17160 -------------- -
17212 ---- -------- -- -
17243 ------- --------
1724 ------- ------ --
17250 ------- ----- ---
17256--------- -- -- --
17268 ----------- ----
17312 --------- ---- -
!7342 - ---- ----------
17385- ------------ --
17412 ------ --- ------
17437 ----- - ---- - ----
17440--------- --- ---
17501 ------------- --
17521- ------ ----- ---
17542----- -- --- -- ---
17619 --------- -- - ---
17743 ---------------
17 9 ----- ----------
17841 .. ---------- -- -
17 4--------- ------
17906 --- - -----------
17915 ---- - -- ---- ----
17923----- ------- ---
17925------------- --
17927--------- -- --- -
171H ----- -- ---- ----
17968 - --- ------ - ----
17972---- - ------ ----
17998 ---------- -----
18013 ---.------- ----
18023----- ----------
18045 -- ----- -------. 
1804 ------- ------- -
18067-------- --- ----
1811 ~ - ---- -- -.-- -- --ISI21 . ____ _________ _ 

I 132-------- -------
1 136. ----------- ---
18137---------------
1 163-- ----- -- ------
1 184------ ------ ---
1 189.--------------
18227 a. b -- --- ----- -

I ----- -- --- -· - - -
18932 ----- -- - --- -- --
1 4 ------- -- - -----
1!960 --- ---- --- -----
1 009- --------------
18976 --- -- -- -- ---- --
11017 ---- -- - ----- - -
IQ II6. ------ . - ------
19134 -------- -------
19139------- --------
19140 . . --- ------ - . . -
IQI ---- - - - ---- - --
IQI93 - -- - -- - -- ---- --
19109 .---- ------- ---19231 _______ ___ ____ _ 

lll24 ----- ------ ---
IQ267 ---- --- ----- -- -19268 ---- -----------
19273.--- ---.- - . ----
19287 --- ----· -------19287 am __ __ ____ •.. • 

IQ289 --------- ----- -
19296 ------- --------
:~ ::::::::::::::: 
19314---------------

:::7::::::::::::::: 

Name 

------------------------1 
Mineral 

entry o. Location Area 
(acres) 

Twin Brothers et al. (3) ------ -------- ----- -- - ---- -- -------- ---- -- ------ 5110 2-9-70 
E lectric et al (6) ------------ -------------- ---- ------ --- --- .. -------- 5211 26- 11_ 81 i~· ~ 

lr~~f!~i,i\'"l\t\l\\\\)l);:;\l)\\\l\\~)~\;;;:;;;;:;;;;;:\\;~:~::: ·····~ · · ·· ·· i!!~~· . ·~:~ 
Dommwn No. et a!. (21>- ---------- · - ------------------ ----- ------------- -- --- 5244 31--9-79·36-9-80 214 . 176 
Butterfly and Homes take (2) - ------- - ----- - ---- -- ---- ------ --- --- - --- --- ---- - 5210 ' 2-11- 1 20: 423 

lff~t~r~mm~mm.m\mmmm.m:·m::m=m: mmm::: ~~ 1~ i ~ 
Willard et al. (3) - - --- - - - ---------· --- - -- - - ---- ---- -- ----- --- ------- -- --------- 5239 28, 29-8-79 so." 993 

~~;r£~:-~:~~-~!~=~
5

!= ============~·=====~=~====:=================== ==~========== ~ 28. 29. 31, 3~~~~ l = Great Eas.tern et al. (3) - - - ------- -- ----- --- --· --- - ---------- ·- --- ------ ----- - 5238 22, 27-{}-79 21."249 

~:~J':f .. ~,,;;;;:c;~;;";;;i;;;;;;;;;;;:i;i;;;;;;i;;::;(:i;iii;;;;: ~ ~li ;; m 
Great O'Sullivan - ----------- - -- ------------- - - -- - - - -- --- --- ------ --- - --- - -- -- 5297 30,31-9-79 1 ." 523 

~~t,f~~.~£H~"t,~~\\\\\·\\\·~:l\~\\\\~~\:~\~:~. \\\:~~.l\!ll.ll;\\ \l :::::i: ·~=·=~~· ·· ·~·~ · 
Last Cbauco N o. 1 et a!. (7)- -- ---- ----- ----- ---------------- -- ---- -------- ____ 5326 11: 2(}-11-81 12:317 
F. X . 0 - --- · -------------- - - ------- -- --- -- ---- -- ---- -- ---- -- - - ---- -- ---- --- --- 5338 29-9-79 1. 402 
Lucky Bald win •••• . -- -- ----- ------------- .-- --- -- -- ---------- ------ --- --- - -_ _ 5332 20, 2!-{}-79 2.007 
Exchan2e o. 1 et al . (4) - -- -- --------- -- --- .- ----- -- ---- -· --- ------- -- ------- - 5352 23, 24- 8-80 41.324 
Adirondack ____ ___ ___ -- ---- --- - ------------------- - ----- --- - ------ ------ --- --- 53'?1l 3G-9-79 .075 
Mulberry e t al. ~8) - ----- - --- - --------- - ------ --- -- -- -- - - ------ --- --- ---- -- ---- 5356 9,16-9-79 64.928 

L~~~~~ ~~--~3--~=::::::::: :::::::::: ::::::: ::::::::: :::: :::::: ::::: :: ::::::: ~~i 14
' tt7~ ag :~ 

Geo. F . M nahan et a!. (2) -- ------ --- - ------------ --- ---------- --- - ----- -- -- -- 5343 2-{}-79 16.528 
Con!ldence et al. (3 and mill site) -- ----------------- - ----------- ----- ------- --- 5362 7,16,17-11-81 21.602 

unnyside No. 1 et a l. (4)-------- -------- ------------------- ------ ------------ 63U 31,32 -79 38.584 Little M aude ___ ___ __ ____ ______ ------ ______ ----------- - - __ . ___ ____ ------ ____ __ ___ ------- __ __ ________ . ______ _ ____ _____ _ 
16 to L----------------- ------------ ____________ . ______ ---------- ________ ------ ____ __ __ __ ____ __ _ . ____ .. _. __ _ . ____ __ ___ _ 
Young American et a!. (2)------------------ ___ --- ------ ---- -- - ---- ----- --- --- - --- -- --- - ------- _ --- - - ---- ___ --- -------
Parrott mill site ____ _________ ·- --- ------ ----- -- ---- -- --- --------- - ------------ - 018 20-11- 1 5 

O)' Ote ____________ ______ __________________ ______ -- ---- -- ---- ------------ -- -- - - 037 35,36-10-79 9. 63 
M . ~ ----- -- --- ------------- - ------------ - --- - - ------ - --- -- ------ ---- -- - ------ 0128 2(}-9-79 . 41 
One Hundred & H alcyon (2>- ------- - ---- - - --- --- - -------- --- ----------------- 085 1 ,19-9-80 5. 824 
Delphian & Is tbmls n---- - ------------ --- --------- - _ .. ---- - -- ---- -- ------ ----- ---- ----- - !9-9-80 5. 24 
Gold Sulph ide ' o. 1 e t al. (10)---- ------ -- -- --------------------------- ------- 5360 31,32- - 79 97.64.2 
Emmet et al . (3l _ ----------- -------- - --- ---------- ----------------- ---------- -- 5368 18, 19-11- 1 22. 244 
Golden Key et al. (5)- --- ----------- ------------ ----- ---- ------ --- --- ------ -- -- 0545 16,17- 11- 1 29.270 
H and Saw------------------------------ ------------------------------ ---- ---- OS 25-{}-80 2. 406 
L ast Chance. ______ __ . . - - ___ . __________ __ -- - - -- _. ____ . ____ ----- -- - _______ ___ __ (•) -- -- ---- - ----- -- -- -- --- --- ----
E . A. C- --- - --- ----- - - - - --- - -- ---------- ------- --- -- ----- ------- ------------ -- OJ 19,20-9--79 2. 328 
Aurum ___ --- - - ____ . ___________ ----- - ---- --- --- ____ __ ---- ---.-- --- ___ ------ --- 04 21-9-79 . 126 
01ct Pnn , Old P nn os . 2 nnct 3. a nd nnn ysid (4) ----···- ---- --------------- 0556 13-11- 81 34.94 
lludson _____ ___ ------------------- - -- - ------------ - - - -- - ---------------------- 0653 3(}-1 1-79 10. :131 
Genevie9 --- ----- ------- -- --- --- - -- --------- - ----- - -- ____ --- -- -- - ------- - ---- 0753 35-{}-79 10. 311 
Roya l . - -------- - ----------- ------- - -- --- --- - ------- - ----- -- ------- - -- ----_ ___ 0582 17-{}-79 . 449 
Almena -- -------------- ------------ - ------- ---- - ----- -- ---------------- ------ - 0594 19,30-9-79 .057 
Dennis ____________ ------ -- ----- --- ____ ------ - ----- -- -- - -- - ------------- -- - --- 7 21-9-79 1. 6 

eptembor -- -- - ----- - ------ - ---------- --- ------------ -- - - --. ---- ------ -· -- - --- 0634 . 28-{}-79 1 3. 4 

~t~~~i'fi.('';i;:~::::(((jjj;:;;l;~i\jtl::;;;!: ti;l;i\\~\!;:~:;i:~; ... ;1~ I '· ~;~ \:: ;;:~: 
Golden Gata - -- -- ------ - --- --- -- - ·--- - - ------- - - - ____ ______ __ ------------ - --- 0754 23- -80 ~ .559 
~~v~lt,lle l~n ? (~ld, Rita M. Willow (4)------- ------------ --- ----------- -- ~ g~~ ~1+ i ~t 1~ 

r~n~ti~: ~:~ -~~~:~~~~:::::::::::::::::::::::::::::::::::::::::::::::::::::: o~~ 1 ~~=~~~ 1 
3~:m 

anestota ___ __ __ ______ --- -- - - ---------- ______ __ ___ _ ____ ____ __ ____ __ __ _ _ _ _____ 084 7 1 79 7. 409 

Lanph!er o. J ct al. (17) . --- - - - -- ------ ----- - - ---- - ---- -- - ------------------ 0851 5,6, 7, -9-79 170 .907 

District or place 

Birds Eye. 
Twin L akes. 

Do. 
Ca liforni a. 

Do. 
Do. 

Buckeye. 
CalHornin. 
Empire Gulch. 
Red Mountain. 
California . 

Do. 
'rwin Lakes. 
California. 

Do. 
D o. 
Do. 

St. Kevin . 
Twin Lakes. 
English Gulch. 
California. 
Granite. 
Independence. 
California. 

Do. 
Do. 
Do. 
Do. 
D o. 
D o. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Lak Creek . 
Do. 

California. 
Do. 
Do. 
Do. 
Do. 

Independence. 
Cal ifornia. 

Do. 
Twin Lakes 

Creek . 
Cali fornia . 
H alf Moon. 

Do. 
D o. 

L ake Creek. 
Union. 

alifornia. 
Independence. 

Do. 
California. 
Lake r ek . 

Do. 
California. 

Do. 
Do. 

Twin Lakes. 
Dewey. 
CalHnrnia . 

D o. 
D o. 
Do. 
D o. 
Do. 
Do. 

Independence. 
I ndependence. 

D o. 
Do. 
Do. 
Do. 

California. 
I ndependence. 

D o. 
California. 

D o. 
D o. 
D o. 
D o. 

and Lake 

Ground Dog o .1 ct a!. (2)-- - -- - - ---- - - - -- - · ----- ---- - ----- -- -- -- ------------ 0819

1 

27-{}-79 I .794 

Lanphter os. ,19, 20 (3). __ . __ --- _. ___ •.. _ --- __ ---- __ ------------ ___ --- ------ ------ ---- ---- -- ------ --- - ---- -- ---- ----

Olga 1o. 2, Silver King and H . A. (3) __ __ -------- -- -- ---- -- ----------- -- - ------ (/) { !9-~ ~ :::::::::: 
Independence. 

Do. 
California . L one tar t ol. (3) --------- --- ---- --- -- -- - -- - ------- - --- --- -- - ---------- ---- - - 10101 i -{}-79 22. 71 

Groat Repu bli c and Pitc her (2>-- --------- ------------ - - ----- - ---------- ----- - 0832 19-9-80 15 .7 1 

~~~~ ~~~~!~_'_e_t::_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_::-_:::::::::::·.::::::::::::::::::: :: 1 l:~6 ~~ ~:~ 
1. K . - - -- --- ------- --- · ---- -- -- ____ -- --- ---------------------------------- -----1 0856 28-9-79 5. 5 
Greater New York D ---------- - ---- - ------------- ---- - - --------- - ----------- - 0845 27-{}-79 10.013 

• Canceled ; no patent. I Suspended. 

Ind pend once, 
D o. 
Do. 

California . 
Do. 
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362 GEOLOGY AND ORE DEPOSITS OF LEADVILLE MINING DISTRICT, COLORADO 

Mining claims in Lake County, Colo., officially surveued for patent from Sept. 10, 1870, to J uly 15, 1925-Coutin ued 

Survey No. a me 
M ineral 

entry No. Location Area 
(acres) District or Place -----Sangamon fraction and Quarto (2) . -- --- ------ - -- -- ------ -- -- -- --- -- - -- -- ---- -- 0 72 a 6~:g<J4 }California . 

Acme et a!. (9 and 3 mill sitos) --- - -- --------- --- ----- ------ - -- --- -- ---- - -- - - -- 0104 b 15. Lackawanna . 

~~Fa~~ ~~~-~-~~~:~.6~-~2}. ~:::::::::::::::::::::::::::::::::::::: :::::::::: :::: ~~g~~ 20 : ~~ ali~~~ Ia. 

19388 -·----------- --
19357 a. h----- ------
19365 ------- --------
19423 -·- - - - ----- -- - · 
19518------ ---- ---- -
19526------ ----- ----

Dauntless et al. (2) -- --- - - --- - -- -- --- --- --------- -------- ---- ---- --- -- - -- ---- 0
01

1
1
185
43 

41.182 Lake Creek. 
Humbug'et al. (5) ------ ---· -- ---- - --- -- - - ------- - -- -- -- - ---------- - -- --- -- - - 51.684 Do. 

:9529 - - -- -- - - --- ----
19544----- -------- --

L one Star et al. (6) ---- ---- ---- - ------ -----· - ----- --- - ------------ ----- - --- -- - I 01159 { 1, 2- 11_ 82 } 97.951 {H~~c~.oon and Lacka. 

19581 ••••• ••• ____ __ _ t~!~ -~:~!~ -~!.:::::::::::::::::::: : :::::::::: ::::::: :::::::::::::::::::::::: ----iii23A" · - - - - - --- -~~0::79- -----: 2oi· CnJUornla. 
Mauser No.1 et al. (2)------------------ --- --- --- - ---- -- --- -------- - ---------- 01253 3- ll- 82 3 . 701 Lackawan na. 19616 - ----·-------- -

19621--------- - - -- - -
19634 -·---------- -- -
19660 ---- - ------- - --
19669 a. b.----------

r~~~~~~~~o:~::::::::::::::::::::::::::::::: : : ~: :::::::: :::: :::::::::::::::::: 8H~ iEE~ oJll ~::~~:~a~cce 
Mount Champion No. 1 et aL. --- - - - -- ---- -- ---- -- --- - ------ --- --- --- ---- - -- i 01365 36-1o-82 10 Half Moon. · 

19730 ----------- - --- Hawk No. 1 et a l. (24) - -- - -- -------- --- -- - - - ---- ----- - -- -- -- - -- - - - -- - --------- 01587 1o-9-79 475. 622 Oo iiJornia . 

~!~~80~-~~!~::: :: ::: ::::::::::::::::::: : :::::::::::::::::::::::::::::::::::::::: g;~g 111--+--79; it!=~g : ~~ Eg: 19797---------------

Maggie fraction.·-- - --- ---- ---------- --- -··· · -· · - - - --- -·------ ---- -- - -- --- ---- 0

0

::

5

2 { \: r1-11~o-1_
7 g
2

9 
2.055 Do. 

Ozark No. 3 et al. (2) . ---------- -- - - - - - - ------ ------- - ---:_____________ _______ { 41.322 Half Moon ned Lack&· 

19804 ------- ·---- --· 
19810------- -- --- -- -

19835-------- -------

19838 • -·-- - -•• •. ---- Inez •••• --- - .------ ----- -- -- -----. -- - --- ---- ---- •• -- ---- ------ --- · --- -- - --- ---
19847 ---------- - .... Colonel Duggan ------ ------ - --- --------------- --- ---- -- --- ------------ - --- -- -
19848 ------- -------- Annie G., Griffin No.2, and Hilder ----------- ------ ---- -- ---- --- ------ - -- ----
19868 ------- --- . •. __ Shamrock •• --- ------ ---- ------------- -- -- --- ---- ----- ----- ---- - ---- .•. - ---- - -
19009 ···-- - --- - - ---- Cliff_ •• . -------------- --- -- ·· .--- •• --- -- - · -·-- ---.-- - - --- -- -- · ••• . --· - - ------· . 
19910 _ ·-------- •••• Miner 's Dream and Gold King (2) --- --- -------- - - - - -- •••. -- ------ --------- -- -
19941 -----·-- -- ----- Mary Jane ----- - - - ----- ----- --- - - - ----- --- -- -- - -- - --- --- --- ---- -- - ---------
19976 k ------ - - -- -- - Climax No. 2-- ----- ------ --------- -- - --- ------- -- ---- ----- - --- --- --- --- --- -
19978 __ • ___ . __ .. •. •• Fox mill site ___ ___ ----- --- -- •• • ------- -- - . ••. . __ ____ ------ ____ -- ---------- --·. 
19979 .••.••.. . •• -- - - L iberty B ••• ···- - --- --- -------- - - ---- --- ---- -------- - ---- ••. • • ••• --- - - - - - -·- · 
19980 k •••••••• ____ • Rare Metal Nos. 12- 17 - -- ---------·----- ------ --- - - --- ____ --- - ------- - -- ------
20005 ----- -- --- - ... . Ma~ er N os. 3-10 • • - ------- --- - --- - - ---- - - ------ - - ---- ------ -- - - -----· --- - ----
20058 -···-------·--- Walsh No. I et al . (3l- ----------------------------- --- ---- -------------------· 
20065 - -- --- - ----···· T. M . Molybdenite Nos. 1, 2, and 5------- ------- - ------ - -- - -- ------ ---·------
20066 --- . ... . ... --- . Bull Dog·- -- -- -- -----------·--···-·_------------ ------ - ----- ----- -···------ ---
20086 --- __ .. --- - •• __ Atlas --------- • • __ . ------- - ____ •••• •••.• __ . .. ...... . .. __ ---------- ______ ----- _ 
20156 __ .••• . . . . .•• __ Colima ---------- - - -- -------- --- --- ------- ____ •• _. ___ ------- -------- •. - --- ___ . 
2D197 • __ ----. _ __ __ __ Wheeler _______ _ -- --- --- - --- - --- -- ___ ____ ___ : ••• .• -------- ____ ---- ··-- --- - -- --
2 )157 ---------------
20261 --- --------·---
20296 -----------···-

101942 

01998 { 
01997 
019 7 
02 162 
02168 
02484 
2405 

02411 
03120 
02439 
02993 

J 03231 
03117 
03116 { 

J 03352 
/03565 
103672 

I Suspended. k Partly in Summit Country. 

wauna. 
!. 845 Independence. 

18. 698 Do. 
35.09 
20. 116 
10.331 
2 .697 
20. 661 
I . 179 
5.000 

I . 4.36 
49. 4 7 

155. 046 
57.416 
65. 007 
9. 095 
8. 088 

16. 95 
. 011 

Do. 
Oallfornla. 
All cant... 

Do. 
Lake Creek. 
Alicante. 
!Jake Creek . 
Allcante. 
Alicante, Cons. Tenmilt 
Lackawanna. 
Independence. 
Al!cante. 
Independence. 

Do. 
Do. 

Californi a . 
Independence. 

alifornla. 



INDEX 

A 

Page 
.A . Y. mine, plate showing . •• • - -- --- -- -- - --· - - - - ----------- --- - -- ------ -- -- 144 

.Acknowledgments for aid ------- - ----- -- -- --- ---- --- -- - - - -- --- - ------ --- -- - 4 
Adelaide and Iron faults, area between, t rattgraphy and structure of ____ 103- 104 

Adelaide fanl t , description of -- - ---- -- - -- - - -- ------- - - ---- - --------- - - - --- -- 93 

.Adelaide Park, depth of oxidized zone in . . · - -- ------ ------ -- -- ------ -------- 251 
ore deposit-S in- -- --- -- --- --- -- - - -------- --- -- ----- ----- - -- - -- - -- ---- -- 293- 294 

Agglomerate, rhyolitic, age oL -- - -- ------------------------ - ----- -- -- ----- -- 59 
rhyolitic, Eureka pipe oL __ __ ___ ---- - ----- - -- -- -------- --- - --- -------- - 58 

Josie pipe pf -- - - -- -- -- - - -- -- --- --- -- -- - - -- --- ------ - ------- -- ------ - 57-58 
Ollie Reed pipe of - -- --- - ---- - ---- --------- --- -- -- - --- --------- ---- - 56-57 

petrography oL---- - ------ ---- - - --- -- ---- ---- ---- ----- - --- - ---- - --- 59 
structure and distribu tion of. _____ ___ --- -------- -- -------- --- --- - - -- 55-55 

Agglomerate-breccia matrix, thin section of, pla te showing______ ___ _____ ___ 48 

AliU\' ium, occurrence of - - ---- - --------- - --------- - ---- - --- -- ------ - -- -- --- - 20 
Alma district, ore minerals of. ___ ___ _ - -- -- -- -------- ----- ------- -- -- --_ -- - - 149 
Alterat ion, action of oxygen and carbon d ioxide in ________ __ ___ ____ ___ ______ 269 

proce es of. ___ -- -- ----------- - - --- -- ------ ----- ' --- ---------- --- ---- - 260-271 
supergene, age of - - ---- - --- - --- ---- ---------- -- ---------- -------- --- ---- 272 
zones of. __ __ ___ ____ ---- -- ------------- - -- -- -------- -- --------- - ----- -- -- 24 

Alunite, occurrence of ------- ---- - -- -- -- --- --------------- - ---- -------- ------ 176 

Aoglesite, occurrence of. ___ -- ---------- -- -------- - -- --- ------ ---- -------- -- - 164 

Ankerite, deposition of ----------- --- -------------------------- ------------ _ 21 9 

occurrence oL ---- - -- -- -- ---- - --- -- -- - - --- -- ------------- - - - ------------ 176 
.Antioch stockwork, description of --- -- ------ - ----------------------- - ---- 30,_306 
Aragoni te, occurrence oL .. - -------- --.----- - - ----- - -- -------- ------ --- -- --- 175 

plate showing __ __ -- --- - ------------ - --- -- -- - ----- -- ------ -------- -- ---- 176 
.A rgall, George 0., ci ted ____ ____ ------- - - - --- --- ---- - -- - ------ ------------ 290-291 

Argall, Phlltp, cited .• -- -- -- -- - --------------------- --------- - -------- ---- -- 153 
.Argentite, occurrence and habit oL ------------- - ------- - --- -- - -- - ------- - - - 167 

photomicrographs showing ___ _ --------------- -- - --- -- --- ------ --- --- __ - 176 
Arkansas River, va lley of. __ ____ _____ ____ ______ _____ _________ ---- ---------- 5 

Arsenic minerals, occurrence of. ___ -- - - -- ---------- --- -- --- - - - _--- --- -- - - --_ 171 
.Aspen district, oro m inerals of. __________ ______ ________________ _____ ______ 149,150 

Aurichalclte, deposition of. _________ __ -- -- - ----------- -------- ------ - ----- -- 270 
occurrence and habit of. ________ _____ ______ __________ __ ______ _________ 157-1 

plate and photomicrogra phs showing __ _____________ ____ _____ -- -- ------ - 176 

Azuri te, occurrence of. ••• -------- -- ---------- -- -- -- __ ____ ------ - --------- __ 166 

B 

Ball M ountain and Weston faults, area between, features of__ ____ _____ ____ _ 10 
Ballard mine, oxidized sil iceous ore in__ __ __ ___ ______ ___ _______ _________ ___ _ 227 

Barite, deposi tion of. •. __ -------- ____ -------------- ______ -------- - -- --- -- 218-219 

occurrence of------ -- -- -------------------- -- -- - ___ ---- -----------------_ 176 
Basic I rric sulpbat-es, occurrence and habit of. _______ .. __ __ -------- ---- -- 15,...156 
" Bazoo" porphyry. Su Lincoln porph yr y. 
Belgian mine, deposition of ore bodi of. ________ ------ --- - -- -- - - --- ----- -- - 239 
Bibliography of the district.--- -------- ____ ------------- -------- __ ---- __ _ 327-329 
Big Four II ure, location of. .. _____________________________ ____ _________ ___ 1 

Big Four group, location and general I LU re of. _________________________ 306-307 
Big Four vein, d cripUon or ____________ __ ______ ____________ __ ___________ 307-3C9-

1lismuth, ores contai ning, com position of. .. . _____ ____________ ____ ----- __ 205- 200 
production of, I 1912_______________________ ________ __________________ 133 

Bt muth minerals, occurren and habit of. .. _____________________________ 169-lil 

Bismu thio ite, alteration of- - ------ - - -- ---- ___ ___ ------ - - .. ---_-- -- -- ---- --- -
depo Itt on of. __ ___ _ -------- - ------------------ ____ -- ----------- - ------__ 211 
occurrence of-- --- ----- -- ---------- _____ ---- ___ _ ---- ______ ----- - -- __ 169-170 
photom icrog raphs showing _____ ___ . ___ _ .- ---------------_ __ ___ ______ ___ _ 176 

Bismutito, occurrence of-- -------------_ -- -- -- ---------- -- ____ __ __ -- - --- -- 17G-17! 

Dison fault, features of. ___ --- - ____ ----------- - - -------- ----- __ ----- --------. 
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