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INTRODUCTION 

Both to ~ain experienoe in the method. of mini~ district an,-lysis 

and to lee if suoh an analysis reveals information of value for the Lead­

~ille Mini~ District, Colorado, are the purposes of this paper. The 

method used is to oorrelate data published by various souroes in a coherent, 

easily ~i.ualized torm and to seek ~eneraliZ&t1ons r.~ardi~ ore emplace­

ment thro~hout the distriot. It is de.ired to learn what are valid 

~uides to ore and what influences affected the position of the orebodies -

structure, tavorable beds, depth zoning, proximity to intrusions, etc. 

An understandi~ of tectonio forces applied thro~hout the re~ion is 

also necessary, the ~eneral picture of statewide ~eolo~io history bei~ 

searohed for its beari~ on the ores of this district. 

This paper offers several, diagrams illustrating features of interest 

and some dilcussion of possible influences and oorrelations. 

GEOLOG IC SETTING 

Leadville is looated in northeast oentral Colorado in the Mosquito 

Mountains cf the southern tip of the Park Ra.~e. between the Front and 

Sawatoh Ranges, formerly the northeast margin of the Paleosoic Colorado 

~eosynoline. The rooks of the re~ion are shallowly buried pre -Cambrian 

metamorphio basement overlain by about three thousand feet of Paleozoic 

quartzites, limestones, and ddlomites intruded by dikes, sills, and irre~­

ular massel of monzonitic rocks. 

After these rooks were in place and before the ore was deposited 

the region was uplifted, mildly folded, and faulted by thrust and trans­

verse normal faults connected with the Laramide revolution. 
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In Tertiary time ore was deposited chiefly as sulfides of lead, zinc 

and iron with yaryi~ ooncentrations of silver and gold. The ore formed 

replacement "blanket." in the dolomitio limestone, as well as veins in 

the siliceous horizons. Structural control has not been ~eneral~ reco~­

nized. Post mineral normal faulti~; rhyolite ag~lomerate intrusions; 

and the spreading of glacial debris over the lower regions. have oombined 

to obsoure visible relationships somewhat but have no direct effeot on 

the ore emplacement. 

DETAILED GEOLOGIC HIsrORY OF THE REGION 

Igneous aotivity and mineralization at Leadville are close~ related 

to Laramide struotural features, the understandi~ of whioh requires 80me 

baokground on the Paleozoic and Mesozoio oonditions of the Colorado 

region. 

Of the pre-Cambrian we only know that mica sohist and gneiss are 

present into whioh batholithic bodies of pre-Cambrian diorite and granite 

were intruded. Between the pre-Cambrian and the Cambrian there is a 

great unoonformity. 

In upper Cambrian time most of the state lay in the Cordilleran 

northwest - southeast sea, with Leadville out in the tro~h, and the 

nearest landmass about fifty miles northeast. About 180 ree~ of Cam­

brian Sawatoh Quartzite was deposited at Leadville, directly on the pre­

Cambrian basement. 

By upper Ordovioian tUne the axis of the geow.yncline had moved far-

ther northeast, leaving Leadville in about the middle of the tro~h with 

landmasses about sixty miles southwest and about 70 miles northeast. Dur­

~ this period about 120 feet of White Limestone was deposited at Leadville. 
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Gentle~ level uplift and subsequent erosion is believed to have 

ocourred from this sta~e until late Devonian time at whioh time the ten to 

seventy feet of Parting Quartzite was deposited at Leadvill • . Dur~ the 

upper Devonian and lower Mississippian. seas oovered most of the state. 

the important dolomitic Leadville or Blue Limestone bei~ deposited at 

Leadville to a depth of about 200 teet. By the end of Leadville t~me 

there were an estimated 1000 feet of Paleoloie sediments in the oenter 

of the seaway in Whioh Leadville stood. with shallowi~ margins. 

Durin& upper Mississippian time upwarpi~ ~tarted in a ~enerally north­

south axis. formin~ the anoestral Wet Mountains and Fl-ont Ra~e to the 

east of Leadville. but leavi~ the latter in ita tro~h. 

In Pennsylvanian time several landmasses ~ estimated at 1000 feet 

h~b were to the southwest and northeast of LJadville in northwest -

southeast antiolinal uplifts in the position of the pro sent Elk, Un­

oomp~re, and Park mountaina. About 1000 feet of Weber shale. sand­

stene. and quartzite "grits" were deposited over Leadv1l~e. 

In the Permian further uplift divided the former general geosynoline 

into three basins leaving Leadville still in a trough between the ances­

tral Elk and Park Range mountaina. 

Duri~ the late Permian and in the Triass io the San Juan MO\mtaina 

h~h area. some 100 mile. to the southwest. was deformed b,y further uplift. 

folding and faulting. During the Jurassio and Lower Cretaoeous further 

broad orustal warp~s occurred~ while leadville still. to all appearan­

oes. remained submerged. Xhis set the st~e for the Laramide revolution 

b.Y provid~ .everal positive areas against Whioh pressure could be ap­

plied; 1) the former buried tOolorado Ra~e" geantioline (now the Fl-ont 

Range h~hland) to the northeast of LeadVille. and 2) the San Luis -

Unoompahgre geantioline_ baoked by the San Juan uplift to the southwest ot 
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lAadv~ll •• 

The Laramide r volution of the olo.l~ Cretaoeoua had difterent et­

fect. on the half ot Colorado lyinS north of Leadville and that halt ~i~ 

south of it, Leadville appeari~ to favor the northern t.ype of action. 

Durl~ this re~olution the oentral seosynoline in whioh Leadville was 

looated was uplifted abOTe sea level for good, between the aotions of the 

Sawatch uplift to the southwest and the Front Rant;e uplift to the northeaat. 

The oentral region was uplifted to its climax but t~eoau8e of the narraw-

ness of the trough and the weakness of the thiok sedimentary column, 

thrust tault~ dominated the structure of the resultant (Park) mountain 

ra~e. It 3 

To the south, the thrust taults dipped southwest (into the Sawatch 

uplift) and th Paleozoic seo~clinal sediments w.re thrust eastward 

over the Cretaceous .trata. In the north, iuoludins Leadville, the thrust. 

~ 
dip northeaat under the Front R~e. Oyertur,ins and thrust taultint; to-

wards the west is characteristic at the Paleozoic geosyncline west of 

the Front Range from the south Park Rant)e north to Wyom~ whereas a 

similar zone of oppositely dippi~ faulted folds xtends through the Gor. 

and l4osquito Ranges south to the Sa~r. de Christo mountains. 

In Leadville the thrusts break thro~h the orests ot aasymmetrioal 

antiolines whose we.tern 11mb i. the .teeper. At l.a.t four such thrU8tS , 

•• sentially parallel and striki~ slightly west of north, are .een on the 

aocompany~ map, and two more of oonsiderable oontinuity are to be seen 

just east of that map, in the Alma distriot. 

An interesting feature of Colorado geology is the belt at early Eo-

oene porphyritio intrusive stook. whioh ooours from soutbJrest to north-

east at right angles to the Laramide oompre.sion, and is about 80 milo. 

3S.e references in BIBLlOORAPH! at end of paper. 
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l.~ and 20 mile. wide. This intrusive belt localizes all the intrusives 

of this period and a180 contain. most of the metalliferous deposits of 

Colorado either within it or alon~ its flanks. 

None of these intrusives appears in the Leadville district proper, 

but it 8eems to be mere than coincidence that Leadville lies directly in 

the center towards the southwest end of the belt. 

The belt cannot be asoribed to antiolinal uplift but is believed to 

follow a line of tensional stress at ri@;ht a~les aoross the laramide oom­

pression. It appears to oross the mountaina at about the re~ion dividi~ 

the northern Colorado re~ion of northeast dippi~ thrusts and the southern 

re~ion of southwest dippi~ thrust.. Little ooherent evidenoe of north­

east faulti~, fis8uri~, or intrusion is seen in Leadville proper but 

thi. orientation dominates among most Colorado veins. 

Conolusiona Drawn From Stuqy of Be5iona1 GeolOGY 

Re@;ional ~eol~io oondition. have 8li~bt effeot on ore placement, 

exoept that the ~eneral Laramide northeast - sputhwest oompression and 

the fault~ normal to this axis, set the ~eneral direction for fissures 

and fault. in the area. Xhe northea-.t dippi~ pre mineral thruat fault, 

haYe had a @;reat d.al to do with ore placement - proYidin« ohannels in 

many instanoes, brecciati~ and foldi~ wall rook to some extent, con­

taini~ veins, and having parallel veins in sheeting zones alon@;side. 

Xhese thrust8 dip towards the Front Ran~e uplift, steepen~ in depth 

toward it, and may be antithetio faults ao.ompany1~ and flanki~ that 

uplift. (It appear. more likely that they are related to that uplift 

than to the relatiYely minor - but oloser - Sawatoh uplift to the south­

west, away from whioh they dip.) However the position of the orebodies as 

seen on maps does not indi ate ~eneral ali~nment with the axis of this 
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STRATIGRAPHIC COLUMN OF THE LEADVILLE DISTRICT 
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taulti~. 

Some s~e.t1on is ottered by the ore pattern on Iron Hill and in the 

atro~ly veined re~ion east ot the Weston Fault ot a northeast - .outh­

we.t localization ot the ore pattern. Thia may be partly attributed to 

the northeast - wouthwe.t direction ot tension openi~. that would ari.e 

trom the northeast - southwest axis ot oompression, particularly it any 

uplitt had ooourred alon~ this belt. The general oorrelation of the ore 

ali~nmeDt with the similarly direoted belt of Eooene intrusive stooks 

may be .i~nificaut in the li~ht ot a possible ali~nment ot tension op­

en~s. Also the faot that the ohan~e in oharaoter ot Laramide upli:t't­

thruattas efteot. is approxomately divided by this intrusion belt may have 

importanoe, mak1n~ it an area intermediate between different~ behavint 

r.e~iou. to the north and to the south. 

However, with due re~ard for the.e possible theorie., it appear. 

:from data recorded that local irre~ularitie8 have had the most in:fluenoe 

on the final placement of the bodies where they ~e. 

GEOLOGY OF THE DISTRICT 

An abbreviated discus.ion of sedimentary and i~eous bodies should 

.uffioe. 

The sedimentary aucce.sion is .een in the accampanyi~ ~eolo~io 

oolumn, of whioh the ohief ore blanket beari~ horilGn is the dolomitio 

Lead~ille limestone whioh is quite ~eneral1y overlain with White Porphyry -

althQ~h the latter ia also intruded in every oonceivable attitude throu~h 

and below as well as above it. are is also found in less extensive re­

plaoement blankets in the oader White Limestone whioh is less dolomitio, 

thinner, and :frequently interrupted with shaly layers, apparently mak~ 
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it less subjeot to large soale replaoement. Vein ore is found .. Iso in 

the several quart21te IIElbers .. nd .. djaoent to .. nd within igneous mas.sea 

to .. slight extent. chiefly depend~ on looal perme .. bility due to strue­

tur .. l oonditions. 

In the distriot i~neous intrusive porphyries have .. olose rel .. tion­

ship to the ore. They were intruded dur ing the Laramide disturbanoe. 

duri~ late Cret .. oeoua or ear~ Tertiary time, chiefly as sills associated 

with sever .. l stook-like masses, and as dikes .. pparent in pre-Cambri .. n 

rocks. These sills were, .. s mentioned, ohiefly oonoordant but quite un­

prediot .. ble looally both as to .. ttitude of passage thro~h the sediment., 

and to the horizon whioh they nay inbude. The porphyries are somewhat 

unoertainly divided into White (musoovite granite or salio ,ranodiorite) 

and Grey (granodiorite to quartz monzonite) altho~h they are too similar 

for re .. dy distinction. Cross cutting and *ther relationships establish 

the White as the e .. rlier, more abundant, and .~enerally higher th .. n the 

Grey. but the Grey i. more closely tied in with the actual ore solution 

pa .... 'eways. indicat~ the ore deposition ocourred not long after its 

empla.ement. Also a few late Terti .. ry or Quaternary post mineral rhyo­

litio .. gglom.rate neoks. or pipe-like bodies are seen but without struo­

tural importanoe. 

STRUCTURE IN THE DISTRICT 

at prinoiple interest in this .. nalysis is the traoi~ down of the 

structural behavio~ of the district for inapite of e .. rly emphasis of 

non-atruotural control of ore deposits, recent general work points more 

and more to the universal import .. nce ot struotural feature. in the looa­

tion of ore deposits. Leadville, a blanket-replaoement type of distriot 

of gentl~ fold~ and block-like fault1nc has not been emph .. tioally de-
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soribed in the li~ht of its struotural features. 

FOLDING 

Averase tre~ of major folds i8 between north and northwest. bei~ 

,enerally un.~trieal. the antiolines ha~~ their steeper west 1~b8 

broken by steeply east dipp~ premineral reverse faults. From the Pa­

leozoic history of the re,ion. the oonstant thickness of the bedS. and 

the shallowness ot burial of the pre-CambriaiL basement. which has been 

fissured in relatively tew plaoes, it seems reasonable to suppose that 

the toldi~ ot the beds now seen actually repre.ent. warp~ and not oon­

fit;urat1on of the surfaoe of the basement. The ma~netude of the foldi~ 

is minor - thore beint; no sha~p foldin~. and faulti~ occurrillt) predom­

inantly wherever stresses beoame ~reat. Fold~ a. now observed on oro •• 

seotions is somewhat augmented. espeoially in the Y0Ulll!:er. upper beds 

by the intrusive porphyry sills whioh have bawed the beds looally some .. 

what unprediotably. even breaki~ through them in places. 

FAULTING (See map for locations.) 

As mentioned. the oloseness of the crystalline pre-Cambrian base­

ment to the surface means that deep faults have not had sufficient 00-

ver to die out in folds. or bedding faults as they approaoh the surtace. 

Bence fault~ predominate. in the structural picture, bu~ tied in very 

0108ely with are ohannels and with the intrusives. 

Four main periods of ~aulting have been reoo~nized: 

1. fissures and local faults oaused b,y the intrusion of the porpQy­

rie •• ~enerally obsoured by later activity. but ot undoubted importanoe. 

2. northeastward steeply dippi~ reverse faults. auxiliary faults. 

and fissures aooompanyi~ re~ional deformation. possibly antithetio faults 

aooompanying the Front Rallt)e uplift to the northeast of Leadville. Some 
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of this ~roup also were acti~e in later normal faulti~ periods. 

3. normal faults and fissures formed subsequent to foldi~ but 

prior to ore depoaition. 

4. POlt mineral normal faults dippi~ southwest. now the most oon­

spicuoul faults of the re~ion. but not considered in this paper beoause of 

their laok of relation to ore placement. 

These features are all explained fully in the literature. and ha~e no 

place in this paper except insofar as they bear directly or indirectly 

on ore deposition. The faults are shawn on the accampanyi~ map, from 

which their areal relation to the orebodies may be seen. Veins. where not 

included in the main faults. are also shown on the map and their pattern 

is of interest. 

ORE DEPOSITS AT LEADVILLE (See map for locations) 

1. HYpothermal or contact metamorphic ores. 

Implyi~ h~h temperature ~enesi8 close to the parent intrusi~e body • 

• uch ma~netite-specularite beari~ ores are found in abundance only in 

the Breeoe Hill area. adjacent to the Breeoe Hill monzonitio porphyry 

stook. They oocur replaci~ the limestone in blanket fashion but are 

limited in extent and law in oommercial~alue except where precious me­

tals have come in with later p,yrite. 

2. lIesothermal ore. - ~eiJ1a • 

.Altho~h blanket replacement depolits are the most important in the 

distriot. a lar,. number t ~.ins a180 ocour. All the produotive veins 

except six lie east of the Weston Fault. in four prinoipal ~roup8 - the 

Ibex. Bi, Four. Resurreotion. and Ella Bee ler - and two minor ~roups -

Iron Hill and Carbonate Hill - as well as a few important isolated veins 

such as the Winnie-Luema. Sunday. and Silent Friend. 
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Veins intersect all formations exoept the plio-pleistooene rhyolite 

a~~l~erate, and tend to crols rather than stay within beds, same pa8si~ 

from one formation to another in a ftbewilderi~ succession." Recent 

taulti~ hal broken throu~h same veins but not affected them s.rious~. 

They tend to be more continuous in the alternati~ sedimentary bed., 

and tend to die out in the massive porphyry layers. 

Most of the lar~er veins are in faults of oonsiderable lize; for in­

.tanee the Ella Beeler, in the ~ston Fault; the Silent Friend, Nevada, 

Winnie-Luoma, Modoo, Garbutt, and Ibex No. 4 in the faults of the la~ 

names. 

Most of the veins do not outcrop on the surface, frequently provins 

discontinuous between auccessive mine levels. This is tho~ht to be due 

in part to the sha~ Weber beds, in whioh faulti~ tends to die out in 

local flexures. 

MOst of the veins dip at hi~h a~les. from 700 to 900 altho~h a 

few deviate fram this rule. Rough~ oonsidered the veins shown may be 

considered to belo~ to three main systems acoordi~ to their strikes. 

and it is noted that the veins of one system do not interseot those of 

other systems. 

The veins tend to be fairly irre~ular not only in strike and dip 

but in such features as minor parallel veins, pinohes and swells, horse., 

and branchi~s. Parallel veins frequent~ carry more value than the ~ou­

~ier main fault. Where veins out limestone layers, replacement lentiole. 

or blankets tend to form in every case except where fault ~o~e effect. 

ively seals oft the limestone from the solutions. 

Most veins are unobserved in their terminations as the.e are too thin 

to be ore but they are seen to pinoh to a knife-e~e or to fray out into 

uneoonomioal veinlets in various instanoes. Thinn~ is seen both hori-
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zOl'ltally and vertically, some veins appear~ to be oompletely surround­

ed by undisturbed country rook. Terminations appear to be independent of 

oO\m.try roek exoept that the Weber shale. aro otten the bed in whioh the 

vein dies out upwards. Some veins terminate in lar~e blankets in the 

limeatone ju.t beneath an impervious bed - usually porphyry_ others send 

shoots out into tho 11mestelne beds they pass throu~h but continue upwards 

undiminished to other horizon8. Where .uoh offshoot blankets from veins 

ooour they ~enerally are elongated parallel to the vein or to splits or 

extensione of the veill. 

The downward limits of the minor veins may be in one of tho blanket 

deposit., or they may, as i8 th case with all major veins, continue 

out of 8i~ht dOwnward beneath the level of eoonomical ore. 

Avera,. le~th of Leadville veins is short - 700-800 feet - and 

the avera~e width quite thin - three teet - altho~h some are up to 1200 

feet lon~' and 100 feet wide looally. Their avera~e depth is impossible tc 

estimate. 

Veins are for the most part replacement along shear zones and to minor 

extent cavity filli~. The prinoipa1 or~inal mineral is pyrite, aocom­

panied by minor amounts of sphalerite, ~a1ena, ohaloopyrite, ar~entite, 

biamuthinite, and r.:=are11 tetrahedrite and pyrar~yrite. Principe.l ~a~ue 

ia quartz and sericite with minor siderite and ma~anosiderite and 1001.1 

barite. Ores are divided into three classes 1) PJrite - chaloopyrite, 2) 

h~hly siliceoua, and 3) mixed siliceous sulfide ore. Secondary altera­

tio. and replacement i8 common with the vein ores as it is with the blan­

ket bodies. 

In wall rook of quartzite, granite, or porphyry, mineralization cou- . 

it&ta of replaoement of fra,ments within the sheeted zone, with abrupt 

walla on either side, although 1001.1 variations are seen. Stockwork. 
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have been developed where the veins connect with shattered quartzite, 

Weber "~rits" or porphyry at fissure intersections. Only four suoh bodies 

have been found - the Ibex, Antioch, and two in the Cord mine. 

In limestones however replaoement is the important trend - f~ if 

any veins passi~ through limestone without 80me lateral extension due 

to rep1ac mente If near their upwards termination the veins may just 

terminate in suoh a blanket replaoemeJrt body. 

3. Mesotherma1 ores - blanket bodies. 

By far the greatest part of the tonna~e of ore that has come from 

Leadville is from the limestone replaoement blankets although smaller 

rep1aoement bodies are also known in th quartzite and Weber "~rits" 

bodies. The ro~hly radial arran~ement of these bodies about the Breeoe 

Hill intrusive is their most striki~ feature, but their looation seema 

to be principally oontrol1ed by other struotural features suoh as the 

reVerse and normal faults and fissures formed subs quent to the porphy­

ry sill intrusions. 

The most apparent relation of the ~ariou8 wall rooks is that the 

shales of the Weber and partioularly the porphyry silla aoted as imper­

vious blankets keepi~ the solutions beneath them, lead1~ them to re­

plaoe ohief1y the Blue limestone - most extensively capped by these beds -

and the White limestone, whioh is less widely so oapped, and slightly les8 

favorable to bei~ rep1aoed as mentioned above. 

However an almost infinite series of variations on this general 

theme appear. The diagrammatio representation of the various horizons 

and situations under whioh blanket deposit. are known to form gives 

some notion of the oomplexity of the total problem. The safest statement 

can only be that looal conditions control the continuity, form, and size 

of the body, and the beds between which it forms. The fissures bri~int 
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the solutions up playa role ot tre~ndous importance as w.ll, and these, normal 

or reverse taults, are teature. of looal variation. 

RelatiQn of the Blanket Bodies to the Veins 

No oODDlu.1Te eTidenoe in the way ot cross outt1~ relations has been 

tound to show that either the blankets or the veins came earlier or later 

than the other. Where visible, evidenoe points stro~ly to essential~ 

oontemporaneous formatian, the veins torming Where tissuri~ predominated 

(in the east ed~e of the distriet) and the blanket. where the dammi~ layer. 

ot porphyry eto. were not fraotured to a great extent, in the west ed~e. 

Hi~her temperature minerals ot earlier introduoed metal. may have tormed 

in the veina, and lower temperature minerals ot later introduoed metals may 

be in the outer replacement bodies, but there appearl to have been on~ one 

period of metal introduotion reasonably extended in ttme. Ore, as tound in 

the blankets may be classed accordiDS to the dominant sulfides as pyritic, 

Iphaleritio, ~alena, copper (minor), allot whioh ~rade into the commonest 

type of all - the mixed sulfide ore. oomposed of mixed pyrite, sphalerite, and 

galena with subordinate quartz and ma~anosiderite. Small quantities of 

ores high in bismuth, silver and ~old are tound looally. 

Temperature zoning about the Breeoe Hill staok is noted in part with 

the ma~netite-apeoularite-silioate gangue be1nt closest, and siderite and sul­

fides turther away in blankets and veins. Evidenoe i8 inoomplete hawever 

and the zoning is not extenaive enou~h to be generally important. 

Conclu.icna and Speculations 

It i. not the purpose of this paper to reproduoe the substantial quan­

tity ot data about the Leadville distriot appearing in other publioations, 

- 13 -



aDd the fore~oi~ summaries have been brief. The ohief oontribution i8 the 

aooompanyi~ map whioh represents -a oompilation of several sorts of data 

from several 8ources, uot perfeotly adapted to the desired purpose; namely 

to draw a reasonab~ deoent .et of struoture contours for the district. The 

chief diffioulty with the contour8 is the faot that the top of the Blue 

Limestone, most si~nificant horizon, is enormously irregular d~e to the 

va~aries of the prophyry sills intruded into, above, below and throu~h it. 

Also its surface outcrops are almost all hidden under ~lacial debris and the 

data on its elevations is largely interr d from relatively infrequent mine 

openi~8. In the latter oonneetiOll further unoertainty is introduoed due 

to the erosion of great areas of the beds, requiriDt the projection of their 

remnants for the struoture contour. The postmineral normal faulti~ has 

Bot aided the presentation aterially by breaki~ the area into many dis­

plaoed blocks with oontorted ed~es. H~{.v.r th atructure contours are drawn 

in fair aTera~e relation to the aotual conditions,it is hoped. 

Disappointingly eno~h, no extensive oorrelationa of the struoture with 

the ore appear - at least very little appears which was not already atro~ly 

inferred by previou. writer. on the district. Gently folded basins and domes. 

uaually of orth-northwe.t alignment appear but the ore bodi.s have no visi­

ble relationship to them - oocurrin~ on the flanka of domes, antiolines. and 

syncliues, on the crests of dames and bottoms of tro~hs, runn~ oontin­

uously in belts directly across .uch featur ea, and be~ totally lack~ 

on other well formed struoture •• 

Thi. is a somewhat anomalous thi~ because study of the literature re­

veal. that most of the deposits disoussed owe their position more or 1e.8 

directly to fissure. or fault. of variou. sorts. The.e provided passa~e­

ways for the ore solutiona from their deep or~in to the beds where replace­

ment took plaoe. It is diffioult to visualize the struotures having form.d 
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as indioated yet having the faults and fissures ali~'"'.ned in apparently inde­

pendent directions. It is d finitely .een in and about the Tuoson Maid 

thrust fault that cre plaoement in more than six mines was direotly oonnect­

ed with openint;a produced by tha~ fault. It if was oaused by the same gen­

eral compressive-uplifting foroe. which induoed the gently structural feature., 

it i. strange that tne struoture should not bear oloser relation to the 

faulting, altho~h the latter was of minor displacement in the Tuoson-Maid 

area. The distinct laok of coordination of the orebodies with either of those 

features is taken to mean that struoture is of unimportant effect on their 

posititn, and that faulting and fissuring bas less effeot than som. oth r 

oondition. 

Thro~hout the part of the map west of the Weston fault minor premiDera1 

faulting and fissuring (unmappable on the soale of the map) is known to be 

of vital importanoe within most of the variousrines, however it makes no 

direot appearanoe on the ~egiona1 pioture. In this western area on~ six 

mine. have stoped vein deposita a8 such, the ore beint almost entire~ 

fram the blanket replacement deposits. There is a definite differenoe be­

tween this and the area east of tho Weston fault where upwards of 120 veins 

have been stoped. The Weston fault is a partioularly well-used fault line, 

registering both pre and post mineral movements of oonsiderable magnetude, 

and make. a strik~ division betw.en the two types of regions. Also sug­

gestive is the position of the Breece Hill stock next to the fault but appar­

ently conditionint; mineralization on each side of it if zonal theory can be 

trusted. (BYporthermal magnetite-speoularite-quartz-go1d ore ooours both 

in the Ibex group and the Penn group.) It is also interesting to observe 

that the ore bodies arrange th«mae1ves roughly radially to the Breec Hill 

.tock, altho~h acro.s suoh barren distanoes and faults as to force one to 

postulate coincidence rather than any direotiona1 oontro1. 

- 15 -



On the east side ot the Weston fault veins carry a relatively muoh more 

important share ot the ore, altho~h blanket replacem.nt •• till predomiDAte 

in bulk. It is in this region that the premin ral normal faulti~ ocourred, 

apparently both from tension (pointi~ northeast-southwest with the axis of 

compression) and from subsidence tollow~ the reverse taulti~ (pointi~ 

north-south to northwest-southeast across the axis ot oompr ssion.) The 

orebodies aligned with these faults tend to avoid the two indicatee areas 

of strong foldi~ and to have form d moltlY transverse to such fold~ and 

in areas flanki~ the crests of uplift. Of possible interest. and focusi~ 

attention again on the Breeoe Hill stock is the complex Ibex~Garbutt-(Ko­

doo?) group of faults which ourve conoentrioally around the indicated -ed~e 

of the stook. but across the Weston fault fram it. They also steepen in 

depth as they dip towards it. However in no other quarter does a similar 

fault system point to the stock. 

The areal distribution of the few stookwork. is not informative, looal 

conditions being known to ha~e determined their formation. 

In this discussion broad generalizations are attempted whioh are not suf­

fioientlY backed up by observed faots. The data that has been colleoted is 

only indicative and not complete due to 1) The great amount of information 

missed or lost during the period When the early mines were open, and now inao­

cessible; 2) Economio reasona - mines did not pursue veins .~ blankets be­

yond ore, and did not record veins and blankets on their maps if they did 

not show ore, 3~ The obscur~ effects of oxidation. although in fairness it 

must be admitted there would be very little to study about Leadville today 

if the valuable oxidized ores had not be-.n there; and 4~ The great number of 

minor, disoontinuous faults and fissures of local importance in a given mine 

or orebody but whioh are too small to map generally. 

CONCLUSION 

Although the possible importanoe of structural oontrol was southt, it was 
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not fOUDd in this study. It seems probable that re~ional struoture plays 

a minor role in this distriot. 100a1 features (inc1udi~ looal struoture) 

bei~ the important faotor. Re~ional oontrol is seen in the tremendous ex­

tent to whioh one bed - the Blue lim stone - carries replacement bodie., but 

this is more ohtmical than structural. 

Some of the fissure are passa~es are mineralized veins, many are too 

narrow and discontinuous to be veins - some are too fine to be found while 

mini~. Where no fissure is found it is aooepted that the ore solutions 

did not come thro~h such fissures but mi~rated a10nt the base of one of 

the impermeable overlyi~ bodies from a more distant trunk fissure for the 

distanoe required to fix the body whers now found. 

Veins and blanket replaoements are of essentially the same ~eneration 

of mineralization. the veins formi~ in quantity only Wh re there were 

suffioient open vertioal zones due to prevalent faulti~ (as in the east 

end of the district) and blankets forming in all portions of the district 

where the solutions came in lasti~ contact with replaoeable limestone. 

Although the orebodies on the map are divided into only three different ver­

tical positions, actually they ooour in as many as twelve different hori­

zons in the same seotion. a further e~ple of the local variation in the 

district. 

Lsadville appears. after this study. to be a district where 1) faultl~ 

has provided passa~eways for the are solutions to come up from depth to their 

present position; 2J' where lightly folded, unbrecoiated sills of porphyritic 

in,!l'"usive, and other unbroken beds. have provided impermeable ooveri~s thro~h 

which the are solutions could not readily dissipate upwards; 3) where beds sui­

table to metasomatic replacement (Blue and White limestones) were present 

under the impermeable layers and were replaced by the sulfide solutions 4) 

wherever suitable'aooess was provided by 100a1 conditions. 

- 17 -



2. Emmon., S. F. 
IrTi~, J.D. 
Lo~hlin, G. F. 

3. LO' ... r~, T. S. 
Burbank, w. S. 

4. Lo~hlin, G. F. 

5. Behre, C. H. Jr. 

6. Lo~hliD., q. F. 
Behre, C. H. Jr. 

7. ChapnaR, 13. P. 
Steven • ., Jt. E. 

8. Chapman, E. P. 

9. Lee, H. S. 

10. Lo~hl1a, G. F. 

11. Blow, I.:. A. 

12. Ar~all, Pllillip 

BIBLIOGRAPHY 

nGeolo~y and Mtn~ Industry of Leadville" 
USGS MonoGraph 12, 1885, and Atla •• 

"Geolo~ and are Deposit. of LeadTille n 

USGS Prottesaiona! Paper 148, 1927, and 
tolio ot illu.trationa. 

"Ore Depo.its a. Related to Strati~raphi , 
Struotural and I~eou. Geolo~y in the We.tern 
Unit.d States n Cm.pter VI Part V Ore Depo­
sit, ot the W •• ter. Stat •• (Lind~ren VOlum.) 
AIME, New fork, 1933 

"teadTi11e Distriot, Colorado." Ore Depo.it. a. Related to Struotural Feature. (Newhou.e 
edition} Prinoeton University Press J 1942 

-aevision ot Struoture and Strati~raphy in 
the Mosquito Ra~e and Leadville Distriotn 
Colorado Soientific Sooie!f ProoeediDGs 
Volume 12 1929 pa~es 37 - 57. 

, "Preliminary report on the West Slope of the 
Mosquito Rant;e in the Vioinity of LeadTille, 
Colorado" Colo S01 Soo Proo Volume 14, No. 
2, 1939J pa~e. 49 - 79. 

"Zonint; of Ore Deposit., Leadville Distriet" 
Eoonomio GeolOGY, Volume 29 No.3, May 1934 
pa~e. 215 - 234. 

"Silver and Bismuth bearint; Galena trom lead­
ville· Eoonomio GeOlW Volume 28, No. 7 
November 1933, p~e8 6 8 - 688. 

~ewly Reoo~nized Features of Mineral Para~en­
e.ia at LeadTille" MininG Technol!5Y Septe~ 
~ 1939, (Teohnical paper 1103) 

"Pyrite Deposits ot Leadville" TAIUE Voluu. 
6.1, 1920, pa,es 66 - 70. 

"Guide. to Ore in Leadville" USGS Bullet1n. 
779 1926. 

"Geol~y and Ore Deposits ot Iron Hill, 
LeadTille, ColOl"ado" T.LlME Volume 18 1889, 
Pa~e. 145 - 181. 

·Siderite and Sulfide in Leadville Ore 
Depo.its" Mini. Soientitio Pre.. July 11, 26 
1914, Pa,.s 50-54, 128-135.. 



to aooompa1l1 

lIap ot LeadT,1lleMilli1l5 Distriot, Colorado 

Geolo!y and horizontal eontrole Trao.d trom Plat. 13, Professional Paper 

148 "G.ol~ic Map ot Leadvill. ~ni~ Distriot, Colorado" b.Y J. D. 

Ir'Yi~ and G. F. Lou~hliD., scal. 1:9600, sur'Y.y.d 1D 1911 but ~.o­

lotio data pr.sumably eorr.ot.d to d.te ot public.tion, 1921. 

V.ina in •• st.rn part: Plat. 56, Prott.s.lonal ~per 148, pat. 181. 

F.ult., Dated aocord~ to Plat. 39, Prott.ssional Paper 148. 

Orebodi.s, Aeoord~ to Plat. 3, USGS Bull.tin 119, 1926. 

Structur. oontours, Dra1m at top of Blu. (Lead'Yill.) Limeston. trom data 

taken chietly trom plate. 14, 15, 16, 11 ot Protte.aional Paper 148. 

In many instances the Blu. Limeston. is seen in several wid.l¥ .epa­

rat.d horizons ia the same .eotion (up to 100' verti.al spr.ad between) 

.0 it is not oertain in many e •••• that the aotual top ot the tormation 

i. bei~ contoured. Additional uncertainty ari ••• in that 100.1 contor­

tions, and .plitti~ at the limestone by the intrusion ot the porpbyr,y 

aills have oau.ed de'Yiations trom a ~.neral surtac., r.nderi~ a oertain 

amount at ta'Yera,i~t nec.ss.ry to produoe the contours. The third tao­

tor ot inacouraoy in the deri'Yation of the oontours i8 the necessity tor 

projeot~ the Blue out over areas wh.r. it is actual~ m1s8i~, and me.s­

urint this extrapolated proj.cted position ot its top, rather than the 

actual top. Where inaoouraci.s due to the l.tter two tactors were m.t 

with, the uncert.inty ot the contours is indicated by da6hi~ the lines. 



LEADVILLE 
R.C.Pearson, Ogden Twete,T.W.Stern, H.H. Thomas, 1962: Age of Laramide 

porph~ries near Leadville, Colo. uSGS PP 450-C/ C78-C80. 
C78 Laramide orogeny began with homoclinal tilting of strata on E flank 

of great anticline to W,mpw marked by Sawatch range. Some faults during 
til t in g and accompanying upl i ft but most formed later,du~ng a sage 
marked by porphJry intrusion and uplift of fault-block Mosquito Range 
on E. Of 30 porphyrires,15 fall into well-es t ablished sequence. ManJ 
faults can be dated b] relation to this sequence. 

Oldest porphyrJ, ~ando, 70 m.J. Youngest,Lincoln,64 m.J. Helation 
to faulting suggests t hat climax of Laramide orogenJ at ~eddville 
to k place in only 6 m.J. This span is only a fraction of ootal time 
of Laramide orogenJ. Uplift,regional folding and much erosion occurred 
before stage of faulting and intrusion. Mineralization & wanTIng fault 
movement continued after. 

Climax in earl, ·aleocene (Holmes,1959);late K (Kulp,1961). 
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September 28, 1907. 

Genesis of the Ores of Leadville. 
B.l' S. F. EMMONS. 

*The explanations given in the original reports on the 
Leadville district of the origin and formation of the ores 
in limestone have been in many respects very generally 
misconstrued in subsequent publications. In some of 
these the writer is assumed to have stated that the ores 

- . were brought in by waters descending directly from the 
surface; in others, that the metallic contents of these 
waters were derived from the overlying White porphyry, 
neither of which views he actually held . . It would seem 
that the authors of these publications must have formed 
their opinion from reading only the preliminary state­
ment; published immediately after the close of field work 
in 1882, rather than from the more complete explanation 
given later in the Leadville monograph. In the former1 

it was briefly stated with regard to the origin of the 
deposits: 

1. That they have been derived from aqueous solu­
tions. 

2. That these solutions came from above. 
3. That they derived their metallic contents from the 

neighboring eruptive rocks. 
In the final report2 this statement was made more 

explicit, as follows: 
- With regard to the immediate source from which Lhe 
minerals forming these deposits were derived, the follow­
ing conclnsions have been arrived at: 

1. That they 'came from above. 
2. That they were derived, mainly, from the neigh­

boring eruptive rocks. 
By these statements it is not intended to deny the pos­

sibility that the material may originally have come from 
great depths, nor to maintain that they were necessarily 
derived entirely from eruptive rocks at present immedi­
ately in contact with the depOSits. 

_ A- 'The facts and reasons on which these conclusions are 
..... based will be given in the following chapters. 

At the time the preliminary report was in preparation, 
capitalists were being urged by J. A~den Smith, State 
Geologist, to sink deep shafts immediately down to the 
Archean, on the theory that, since ore-bearing solutions 
came from below, the Leadville 'ores must necessarily 
have ascended through fissures in the underlying granitiC 
rocks, and the orebodies found there, being nearer to the 
source, would be more valuable than those found in the 
limestone, his belief being that "these fissures and 
deposits will be extensively and profitably worked for 
centuries after the' contact deposits now operated are 
exhausted." 8 

In the light of the geological in"estigations he had 
made, this seemed to the writer a mistaken idea, ~hich, 
if followed, would result in pecuniary loss and migh~ re­
tard the development of the district; hence he made his 
statement strong, and, as results have since proved, rather 
too unqualified. 

Geological stUdies of ore deposits up to that time had 
been, mainly, of veins that follow nearly vertical fissures 
in the rocks, of which the most natural explanation is 
that they are formed by ascending solutions; and in 
ordinary mine reports, for which, as a rule, but little 
~tudy of the general geology of the district was deemed 
necessary, the rather perfunctory statement was gener­
ally made that the vein materials" came from below," 

_. without any very definite understanding on the part of 
the writer of what these words implied. 

It was, moreover, generally assumed, that all waters 

·Abstracted from Bulltin No. 320, United States Geological Survey. 
'The Downtown DIstrIct of Leadvllle, Colorado.' By Samuel Frank­
lIn Emmons and John Duer Irving. 

lSecond Ann. Rept. U. S. Geol. Survey, 1882, p. 234. 
2Mon. U. S. Geol. Survey, Vol. XII, 1888, p. 379. 

circulating within the crust of the earth came originally 
from the surface, descending under the influence of grav­
ity and ascending again under the influence of heat-­
either the normal increment of heat within the crust, or 
that due to proximity with some cooling igneous mass. 
The modern idea that cooling igneous masses have 
given off enough occluded water to furnish a continuous 
underground circulation was then, and for many years 
afterwards, not considered tenable. 

In undertaking the study of the Leadville mines, the 
writer proposed to take a new departure in making, as a 
preliminary, a thorough study of the geological structure, 
not only of the immediate vicinity of the mines but of 
the whole mountain region within a radius ' of about 10 
miles around, and to base his attempt to explain the 
manner of formation of the ore deposits on the geological 
data thus obtained, quite independently of whether the 
resulting explanation accorded with current theories or 
not. As it was his first study of any important group of 
ore deposit'>, he did not feel competent to go into abstract 
questions about their origin, much less to present a gen­
eral theory of ore deposits, as some seem to have assumed 
he did; hence, in speculating as to the source of the 
metals, he thought it wiser, as the iLOportant object was 
to furnish a guide to the miner in his search for ore bodies 
(as stated 'explicitly in the text, Monograph 12, p. 572), 
"to leave out of consideration altogether the ultimate 
and purely speculative source and to confine the investi­
gation to the more immediate source, about which it was 
possible to obtain some actual and demonstrable evi­
dence." Then, after stating that the commonly recei ved 
explanation for vein deposits is that they have been 
formed hy directly ascending heated solutions, he said: 
"In the case of the Leadville deposits, the inadequacy 
and even falsity of this explanation, except as applied to 
the ultimate source from which the metals may have been 
derived, is readily apparent." He then proceeded to give 
the reasons for this statement. by showing that the form 
of the orebodies was such as to lead to the conclusion that 
the ore-bearing bodies entered the limestone from its 
contact with the porphyry sheets. These contacts being 
the main channels of circulation and mainly at the upper 
surface of the limestones, "the few approximately verti­
cal bodies [of oreJ that have come under obi:lervation 
afford no evidence that their walls form part of a channel 
through which the ore currents came up from below;" 
hence, he concluded, "the above considerations seem 
sufficiently conclusive evidence against adopting upward 
currents as the dIrect source of the ore deposits of Lead­
ville." 

In further argument against the necessity of resorting 
to the unknown depths to find the source of the metals, 
the authOl'proceeded to give the result of chemical tests 
of the country rocks, especially those of igneous origin, 
which showed that small amounts of vein material were 
found in most of the latter and that most of the varieties 
of porphyry, except the White porphyry, contained 
appreciable aD?ounts of silver. Then, without attempting 
to decide which particular variety of porphyry the 
metals came from (which he explicitly stated was "too 
difficult because of the amount that had been removed by 
erosion sinoo ore deposition") he said: "The foregoing' 
reasons seem to favor the probability that the ores LIlay 

have been derived, in part at least, from one or more vi 
the bodies of porphyry which occur in the region." 

While the intimate genetic connection between the ores 
and porphyry was established, as he conceived, with 
reasonable certainty, he admitted that there was still 
some doubt about the ultimate source of the metals, re­
lJlarking: 

It is 8Report on mineral and other resources of Colorado for 1881 and 
1882, p. 64. that in future years, when mine work-.... ----~----------------------------~~----~~~------
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ings shall have been extended over areas where the ore 
horizon exist'3 at considerable depths below the surface 
and other eruptive chaunels have been found and critic­
ally examined, evidence may be obtained that ore solu­
tions have ascended along these channels from below. 

The idea that was in his mind in saying this was that 
inasmuch as the Gray porphyry within the mineral area 
is a distinctly later eruptive than the White porphyry, 
if the channels were. found through which this porphyry 
had reached the Blue limestone horizon these rn'ight 
prove to be also the channels through which the 
ore-bearing solutions had reached that horizon. 

In the time that has elapsed since the Leadville report 
was written some of the conclusions have been severely 
criticized by prominent geologists, notably the genetic 
connection of ore deposition with igneous eruption and 
the metasodlatic replacement of limestone by ore, but 
practically all of these conclusioils may now be regarded 
as universally admitted by economic geologists, with the 
exception of the determination of the source of the 
metals. With regard to this, it may be said that in 
treatises on ore deposits written within that time the 
general opinion seems to be that the writer wrongly con­
ceived the ores to have been brought in by descending 
waters, but that mining engineers who had become more 
familiar with the deposits by later and more continuou"i 
underground observation had proved them to have been 
brought up from below by hot ascending solutions. 

Having already endeavored to show in what respect 
the author's statements were misconstrued, it may be 
well to see how far these statements are justified by a 
careful consideration of the articles on which they were 
based. 

posits, and his conclusions from actually observed facts, 
'3uch as the origin of manganese in the oxidized ores, and 
of secondary enrichment, especially of zinc in the upper 
part of the sulphide bodies, showed remarkable acumen 
in observation and reasoning. The more theoretical part 
of his article, relating to what the writer would have 
called the ultimate source of the metals, is, however, less 
satisfactory, because, while professedly intended as a 
refutation of the writer's views, it starts with a miscon­
ception of those views, and also because it brings no ob- • 
served facts to support those which he proposes as a sub­
stitute for them. 

The miseonception consists, first, in his failing to ap­
preciate the fact that the writer was speaking only of the 
immediate source and declined to discuss the ultimate 
and theoretical source, and, second, in his mistaken as­
sumption that the writer stated that the metals were 
derived from the White porphyry. The main part of 
his argument is devoted to the refutation of this latter 
mistaken assumption, and is purely negative; but, when 
he comes to his positive assertions, he simply gives as the 
alternative source the word 'below,' the use of which the 
writer had deprecated because of its indefiniteness; and 
as to the manner in which the solutions reached the pres­
ent locus of the orebodies, or what the writer would have 
called the immediate source, he says:l0 

That such ascending solutions more readily pene­
trated the limestone along the planes of contact of the 
igneous and sediment;:try formations, and through zones 
of least resistance in the latter previously marked out by 
the intrusion of the porphyries, and gradually replaced the 
limestone with the metalliferous contents in the form of 
sulphides. 

The mining engineers to whose writings references The writer, in seeking for reasons for the location of 
had been made were Messrs. F . T. Freeland5 , Charles the majority of the orebodies in the Blue limestone, 
M. Rolker6 , and A. A. Blow7. Of these Mr. Freeland states:11 
did not discuss at all the source or origin of metals. Mr. The great intrusive sheets of porphyry are found to 
Rolker, confining himself to the direct source, objected follow it most persistently, mainly along the upper sur- A 
chiefly to the assumed statement of the writer that the face, less frequently along its under surface, and also ... 
ore-bearing solutions descended directly and exclusively cutting transversely across it. These intrusive bodies 
from the overlying White porphyry, inasmuch as his are also found at other horizons, it is true, but at none so 

persistently and so uniformly as at this. Thus both 
own observations show that on Fryer Hill, where he had ascending and descending currents would readily reach 
had been in charge of an important mine, the orebodies these beds, the latter trickling through the uniformly 
do not occur exclusively or predominatingly on the upper permeable eruptive rock, the former following up the 
contact of limestone with porphyry, and that theyap- walls of the channels, through which it was erupted. 
pea red to have a closer genetic connection with the Gray I Thus, taking into consideration the greater develop­
than with the White porphyry. His general statement ment of orebodies and intrusive sheets of Gray porphyry 
with regard to the deposits of the district, however, is as I which had been shown to exist at the time Mr. Blow 
follows:s wrote, the difference . in view ' between him and the 

They are found mainly as contact depQ.Sits between the writer is not essential, for he does not bring any facts to 
Carboniferous limestone and the overlying felSite, with bear against the latter's third reason for declininO' to 
additional or incidental ore accumulations in the lime- . " 
stone in irregular cavities, directly or indirectly con- acce~t ~;ward ?urrents as the ~ll'ect sour?e of the ore! 
nected with the plane of contact by irregular and often that IS, the notIceable absence, III the regIOn of great­
minute conduits, which a careful search reveals. est ore development, of channels extending downward, 

This statement, as far as it goes, is a confirmation of through which the ascending solutions might have 
that of the writer. come." Indeed, in his descriptions he speaks of the 

In a subsequent article in the same periodical9 the ores as going downward rather than upward, and when 
writer has pointed how far the apparent discrepancy of they occur along vertical fractures he does not suggest 
their views arose from a misconstruction, on the part of their continuation below the Blue limestone, but simply 
Mr. Rolker, either of his statements or of the facts. argues against their immediate derivation from the 

Mr. Blow's article, based as it was on nine years' con- overlying White porphyry, and is apparently no more a 
tinuousobservation of the practical extraction of ore in a believer in Mr. J. Alden Smith's theory than was the 
part of the region where the orebodies have ~een depos- writer. Yet the region he treats of is the one region in 
ited to a considerable extent along vertical fractures as Leadville where vertical cracks are most frequently 
well as on the more or less horizontal contacts and bed- found in connection with ores in limestone, and it is upon 
ding planes in the limestone, constituted an invaluable their occurrence that Mr. Blow founded his theory of • 
contribution to the geological history of Leadville ore de- northeast shoots as the prevailing form of Leadville ore-

5Sulphide deposits of South Iron Hill: Trans. Am. Inst. Min. Eng., bodies. Hence, the assumption of the various treatises 
1~~Oi;e!J~rll~8~lJ'ei~~i~~'Ibld, 1885, Vol. XIV, 1866, pp. 273-2g2. on ore deposits that the writer's theory as to the source 

7The geology and ore deposits of Iron Hill: Ibid, 1889, Vol. XVIII, of the metals has been disproved by Mr. Blow seems to 
1890 p p. 141>-181. 

SLoe. cit., p. 282. 
9Genesis of certain ore deposits: Trans. Am. lnst. Min. Eng., 1866, lOTrans. Am. lnst. Min. Eng., Vol. XVIII, 1890, p. 174. 

Vol. XV, p. 125. llMon. U. S. Geol. Survey, Vol. XII, 1886, p. 541. 
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The Ore Deposits of Lea ville,Colo. 

S • F. Emm ne. USGS pP. I if rr /1 2-7 
1- r~I/I;:;.!J <+ ).. o ,, ~ t./ ,~ ) 

Penn. W •• er f rmati n. G~ite •••••••• 940'. 
Shalee • •••••• 06300' 

Mise . and Dev.(?) Leadville (Bluel LS •• 200' 

OrdOTician. 

U per Ca rian. 

Yal e Ls. 
Parting qtzite •• 10670' 
White Ls •••••••• 120' 

Sawatch (Lo.er' qtzite. 
Transitien shale •• 0-40' 
~uartzite ••••••••• 50-140' 

Granite,cnei and echist. 

IntrueiTe sheet of 
whi te ,rani te • 

Intru iTe Rocks. The ac:e. t . tinitrue,i..on was late Cretaceous r early Terti­
ary. The earlier, the White ~ rph~Y ie a uecoTite granite r a salic ~ra­
noAiorite. as great Intruelve s~et etween the WDer ehales an the Blue 
Is, in the W rt f the istrict. In the eastern part there are everal 
smaller sheets, in the Blue 1 • 

I . , . , 

The later in'trueien" the Gra\ P rphyr~ ccurs as a number of intrusive 
s eets,ef which the largest over iee th~hite Porphyry in the NW quarter 
ef the istrict. Other occur in the Blue and Whi te Is. n1 the Transition 
~hales. They have 'ike-like effoheots. 

Faultinc. 1. The intru i n f these irregular sheets aistur ed the sedi­
ent.tes ecially the Blue Is. ,causing local fracturinc and faultinc. 

These are a guide t ore near the Gra~ Porphyry masses. 

2. F~ld nC and reTerse faultinc. The principal fold s are anti­
cline ,with N t NW treni,and centle eastern li.Ds an steep or Ter-turne 
western Ii j.,.r ken y reTerse faults. he main reverse faults in the Lead­
Tille area are the Cel rade Prince, n the NE edce ot Breece Hill,the Tucs. 
Yaid fault, exp sed in the inee ot Iron and Car. nate Hill., and an unname 
fault, a short iistance west ef the Tucson Maid fault, in I uthern Iren 
Hill. 

3. Small n rmal faulte and fissures at ri ht ancles t the ae oTe 
r everse fault •• 

Next in chr n81ecic sequence was prs.aaly the Breece Hill monzonit 
steck. Yenz nitic intrusien rollowed the peried of f Idin, and reTerse tault 
inc elsewhere in Celor o. 

4. Minor n rmal faults ,many with radial arrangement aro~nd the 
Breec Hill stock. 

It t 

• ". I I I 

~ ep sition toll.~ed the st ck-like intrusien at Breece Hill. 
k place at hi«her te peratures close t the mar«in f this intrusive 



t an further away. ~he whole sequence. intrusi n f White P rphyry to an 
including the dep siti n f the ore t ok place tn the late Oreaaceous or 
early TertiarY. 

5. Late Tertiary. Nor al faultinc n a lar~e scale. 01 ud City, 4t Pende~; Kika o-Iro -D e crou, iAdelaide, Koyer,Ulster-Newte.,Emmett; 
Kika (normal •• Te ent on ol~ reTerse fault);Pilot,Uo.quito (8 part). 

• 

After ore de osition and after at least part of the p st- ineral 
faultinc.there was an eruption of rhyolitic ac 10 erate, N of Breece Hill 
an NE ot Iron Hill. Four funnel-shpae pipes t ag=l erate cut oft ore­
.odie •• 

• • ' I ' 'I I fI t 

Bree e Hill Stock. The only ore within the stock is in the upper perti ns ot 
a few siiI! silIceous pyritnc Tein. enriched y chalcocite and C 1 • The 
w 11 are yritic porphyry. 

The irrecular replace ent' •• dies near the stock are al ost entirely 
in limestone. Y st of th se nearest the stock are non-commercial. S e 
.locks or limestone enclose int e stock haTe been replaced y silicate i­
neral. and By cnetite and specularite. T e Blue Is., on the Nand E si es 
or t e stock has als .een re 1 ced y a~etite and specularite. These 
.odies are earlier than the yritic C 1 copper .od es and the silTer-leaa­
zi core. They only destroyed Is •• ef re Talua.le res c u1d reach it. I 
part. or the I.ex aine these acnetite-opecularite bod~es have Jeen s~tte re 
and recement ed y ~yr i t i c ~ old are . 

Other Siliceous R cks. Ore odies in ther siliceous rocke, includin, porph­
yry, Wi\er :rits, qu rtzite and gr nite are mostly lodes, one or more par -
llel veins in fis sure or fault zones. Their surface ind ications are de ris 
of silicified and pyritized rock, leached and ,hitened by reatherin • 
The trend f the produatiTe veins is mostly NNE, in the E part f the dist­
rict. The distribution of shale beds alternatine with those of ~rit ( ica­
ceoue feldspathic es.) influences the ore deposition. The Gar utt vein narr­
ows locally to streak where shale form" one or both walls, and its pay 
shoots pitch at lo,1f an«les along the Ilore replaces. Ie beds of «1"i t. -any 
Teine in the Ibex mine haTe been most preductiTe where they pass fr m si11-
ce us rock into Is. 

, , ' 

Blue an Jhite Le. The orebodies in these are low in silica, and cont~in 
Zn,~:xr.~ (The veins and stockworke in an adjacent t siliceous rock 
are mainly siliceous and valuable for gOld, with or without copper or sil­
ver). Where veins croaainc beds of 18. between roofs and floore of silice us 
r ck spread int. blanket replace~ent bodies,the replacement bod ies close 
to the vein fissure consist of siliceous cold are ,which grades within a 
short ~ stance ' into Zri-P sulphide ore, or in the oxidized zone into lead 
carbonate are. 

The Blue Is. i s thick-bedded, dolo~itic,with no free calcite,and les5 
than 3% insoluble. The White Is. is thin-bedded,with conside r able free ca l­
cite,lO-2~ insolu le,the beds separated by partings of shale. The Blue Is 
is more subject to complete replacement than the White. 

£ early all orebodies in limestone are covered by roofs of impervious 
siliceous rOck, mostly porphyry, but 9ol!letimes shale or quartzite. Some of 4t the thickest orebodies have floors of impervious rock. 
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Ore Channels.l. Tucson-Maid (Reverse) FaUlt. Displacement about 250'. For 
tEe m09t part the main fault was too full of siliceous gouge to serve as a 
channel. The ore open auxiliary fractures alon it served as channels. 
Where ore was deposited locally within the Tucson fault itself ,siliceous 
pyritic ore was formed in contact with the siliceous fault material and 
this ore graded int Zn-PD-A ore in the adjacent White Is. The siliceous 
ore was enriched by chaleocite,Ag,Au. The fissures in the associated bed 
of Cam rian quartzite near the fault contained an unusually rich ore,with 
the common sulphid i mine.ala acco3panied by an intergrowth of silTer and 
bismuth sulphides. This ore contained "14 oz. of silver per ton. 

In the Cord mine,orebodies replace asses of White Is. etween sheets 
of porphyry at the intersection of the Tucson fault zone and a mineralized 
NE fissure. 

The shales at the top of the Ca brian quartzite are less subject to 
fissuring than the quartzite or the limestone. 

Stringers may e "feeders" lead in to lar e replacement ore.odies. 

Oxidation subsidence is present. 

Alteration Borders o~ Casinf .Alteration near sulphide bodies consists of 
pyritization and si!Tcifica ion, man anosiderite. The silicification reache 
ja peroid in places. Too wide~spread for an ore-gui e. Near oxide silTer­
lead bodies,this zone becones "contact matter" consisting of iron-manganese 
oxide.,zinc carbonate,and basic ferric sulphates. The mangano-siderite en­
cas s orebodies near the trunk channels of ore solutions. The jasperoid 
encases them at greater distances,hence is a less definite guide. The vein 
matter found ·along the porphyry-limestone contacts in the oxidized zo.e de­
notes the area within which the oxidized orebodies may be found,nothin~ore. 
It consist. of mixtures of iron oxides,clay, alunite and jar site. It was 
f rmed by surface waters d .escendine throu«h pyritized porphyry, and has 
replaced the limest nee It is not a definite ore-guide,except where found 
in pre-mineral fissures. Where this contaet atter is hi h in ir n and low 
in ·clay or tal it is likely to be near n ore ody. A Co~on mode of occur­
rence of xidized oreboda •• ia for the lead carbonate,usually with moderate 
to hieh silTer content, to lie close to the porphyry r of,and t be flanked 
and floored y contact matter. Ore dies with an orieinal jasperoid caaina 
passed utward and d ~wari, after oxidati n, into brown-staine jasperoid, 
elew which the limest ne bec e stained, t some extent, by brown iron 

oxide or low-grade zinc car onate. Bodies of pure P,1Tite were oxidized 
to brewn iron oxide close to the porphyry roof, and surrounded ~ndunder­
lain ~y rown jasperoid. Shoots of lead carbonate ~ay be found within the 
br wn ir n bodies alone pre-mineral fissures. 

The oxidized orebodie~ in li~e~tone fall in twe classes: Those with 
casine~ or floor~ of brown jasperoi and those without thea. Where these 
casin e are present, lead carbonate and brown iron ore, with hieh or 
low silver content, are confined within or aboTe the casine. and fractures 
in the jasper id may contain com~ercial ~ilTer. Low grade zinc car onate 
will e foun~ here and there below the casin" and its t nnage ratio to 
lead carbonate ore will e low compared 1 with the Zn-~ rati in the av­
erage sulph;de oreb dye Where mangan -siderite as well as jasperoid acc-
o panie~ the ricinal re. dy. black iron,hi~h in silica, will e f un • 
Oxidized oreboMes derived from mixed sulphides without jasperoid ca~ing. 
include lead c rbonate underlain by zinc car onate and bordered in placee 
~y b%BKK ~XBX ox.x 
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DY r wn iron ore and black iron are or ir n-Mn ore low in si11ca. Th se 
derived from pure pyrite are brown iron are underlain and bordered by 
black Un-FI are. 

Enrichment in the xidized z ne was lar~ely residual, but in part due 
to d wnward c ncentration. Silver was c nverte t the chloride and romid 
without bein~ remoTed fro the lead carb aate sh ts, but the remarkably 
hi,h silver content in odiee nearest the surface suggests that the silver 
was in part c ncentrated downwar as the utcrops of the reb.dies were 
1 werei y er sion. 

There is some n tiTe c pper and argentite in the transiti n z ne ae­
twee. the oxide and the SUlphide la ket ore & es. Bel w this zone the 
sulp ide re was not enrichea. Pyritic re in the Tucs nine alone the 
Tuc80 -Yaid r ult, well el w the ttem f the Gxidized zone, is enriched 
by chalcocite ,associated with silTer ant lie Thie sulphide enricr~e~t was 
eTidently confined t ~yritic ores with small percentaces of cc~y and oc-
curre nly in 1 des and adjacent parts f connected replacment dies 
where pen structure and mar inal imperTi us clay selTa~es concentrate 
the d .award circulation. The chalcGcite eerveda as a str nc precipitater 
of A, n Au in the descen4inc surface waters. Gold is also reun c ncen­
trat , in bunches or mixe sulphide re,where closely associated with ZnS• 
It was carried down as soluble chl ride, and dipositei Y reacti n with 
Z.S plus ferr us sulphate • 

-I , 
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