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INTRODUCTION 

The main body of this report treats on the hypo

thetical study of a hydrothermal ore body genetically related to 

magmatic intrusion and concomitant tectonic disturbamces. 

The summary and conclusions were fabricated after the study and 

analysis of available published and personal literature. 

Emphasis is directed to 1tl~e particular delineation of 

of the pattern of the mineralized zone. The departure from the 

normal space relationsl1ips of disseMinated . copper ore bodies was 

dependent upon the strong influence of structural features. The 

accompanying maps should serve to further brine: out this relation

s ~l ip. 

Special acknowledgement is given to J~. E. Wisser 

and Mr. ~.N. Pennebaker for their personal reflections in guiding 

the pattern and style of attack on the problem. 
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REPORT 

ELY, NEVADA 

Location. The Robinson Mining district, of whiCh this report covers, lies in 

a pass through the Egan Range, a north-south mount~n block,.am. is bounded 

by an area 8 miles long and li miles wiae. 

G~neral Geology 2f the District 

The Paleozoic sediments that are displ~ed within the exposed belt 

contain a variety of geologic types. Limestone i s by far t he most apundant 

rock, sandstone is present in important amounts, and siliiceous shales, COill-

monly resembling argillite, appear in two formations. 

Pennsylvania 

! Mississippi 

Devonian 

Ora.ovician 

,... Formation 

Arcturus Ls. 

Rib Hill Ls (Rss) 

Ely Ls (Cr) 

- Conformity 

Chainman shale 

Band Ls (C;) 

Pilot shale 

Conformity 

Nevada La (Dm) 

Eureka q'tzite 

Pogonip La. 

Description Thickness 

Massive, shaly bbds. 400' 

SS, Sanoyls, LiJney SS 5200' 

Massive to thin-bedded, grt3¥, 
blue, cark blue. 3000' 

Brittle argi lite, local 
Carbonaceous shale, sili ceous, 
shattered well to permit min
eralization 250-600' 

Dense Ls to medl.um coarse marble ; 
sparse chert, fairly thick 
beaded 100-475' 

Siliceous 

Thin to meiium bedded . 
chert. Massive bedS. 
to white. 

No 
Black 

Fine grained dense qtzite; no 
cement. 

Thick and thin bedded, grt3¥ 

250-850' 

4000' 

150' 

1400' 
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Intrusives 

"Ore Porphyry". Alwa;rs entirely altered., and original y a latite porphyry. 

Small to medium grained. Orthoclase phenocrysts are relatively small. The 

ground mass was originally probably glassy. It now is silicified, senci

ti zed, and contains th e magnesium mica, phlogopi te. 

"Peanut Porphyry". The texture v8r:'ies from dense, aphanitic to coarse 

grainei porphyritic material. It is a Monzonite or quartz Monzonite por

phyry. Where not aphanitic, t he rock consists of phenocrysts of orthoclase 

in a groundmass of plagioclase, hornblende, orthoclase, and quart z . Gener

ally, the "peanut porphyry" is later than the . "ore porphyrylt. 

Post-ore Rhyolite Group. The textures are very variable. It contains obs i d

ian, dense itti te rhyolite, and intrusive breccias. The breccias tend to 

work into til e best fra ctures. The bulk of t h e fragment s will be of t h e 

intruded rock . Where the breccia has picLeQ u p enough fragments of ore por

phyry, it male es some ore. The mai n body of the rbyoli te i s in the we s t end 

of the Liberty Pit. The form of the breccia i s often extremely irregular . 

Explosi ve Dreccia action exists s ometimes without rhyolite being introdUCed. 

The extrusive ;rhyolite series ha s a tuff a t its bas e, then a t hirty

foot layer of porphyritic pitchstone, then massive -rhyolite, mostly with 

abundant phenocrysts. Some d.ense gray r hyolite wt few phenocrysts is 

scatterEri in the area. 

General Structure 

A general. anticlinal structure runs east to west along the center line 

of the map. This is highly overturned and. distroted in t he we st. Th e fold 
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is here recumbent to the north; in the east part, the fold is more symmet

ric ale I n the west part the faults are fl t, dipping to the south in an im

bricated syste ' at angles not greater than 650 , normally. The Kimberley 

Footwall fault is the footwall of the syst. em. 

North-south normal faulting prevails in the east pa rt giv ing horsts and 

grabens. The anticlinal structure is plail1ly seen in the horsts. In the 

graben the structure seeu on the erosion surface does not fit in ~ell with 

the anticlinal featu~, indica ting either a consiuerable hori~ontal component 

to t h e movement or the north-south faults, or that the anticline was over

turned prior to this north-south faulting. 

Intrusion 

The intrusion zone of ore " orphyry bodies follows a prollounced. lineal 

trend from east to west for nearly 6 miles. In t n e western area , however, 

the intrusives have workcCl into the ~one of compression faults, and appear 

low down on the flank of the anticline. 

The are porpnyry bodies rest upon an irregular sedimentary floor, so 

that the definition of a stock aoes not fit. They have workea in along 
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bedding planes, and arched t he roofs, as h ' ve laccoliths. In pl aces the in

trusive has ruptur ed and engulfed par-tions of t he roof fault structUI'es, so 

that it appears ragged ana irregular. 

Bodie s of 0 e porphyry prefer shale-limestone contacts. Lones of pro

nounced faulting gave s till easier pathways for the intrusive. 

In the Emma and Ruth mines, the peanut porphyry appears to be later than 

the ore porphyry. Both porpnyries were intruded, cooled, and fractured pre

mineralization. 

Metamorphism 

Hydrothermal metamorphism is confined to the main \("ones of intrusion, 

and grades in degrees outwaru. from t he local. areas of t he channelways through 

which the magma rose fro m its igneous reservoir. 

The limestone was silicified by metasomatic replacement forming a 

Jasperoid rock. ChalcedolV in many pl aces fills fractures in the earlier 

quart z . The quartz grains als o have small inclusi ons of fluorite, apatite, or 

calcite. Sulfia.es in seaIU<3 and bunches are dis semina tea through the rock as 

grains snd irregular aggregates. 

Some ·of the limestone is altered to calcium silicate. Bodies of 

pyrite or pyrite and magnetite occur adjacent to areas wherever t he por

phyry is pericitized, t he shales essen tially altered , or the limestone 

I1jasperized l1 or changed to garnet or tremolite. 

The Pilot and Chainman shales were converted to pyritiferous hornstones. 

The gold ores of the Chainman, Aultman, and Revenue mines came from a 

blanket deposit between the Joana liIOOstone and the Chainman shale. Pyrite 

is a rollstant constituent, and they cont ain , as well, wallastonite, epidote, 

calcite, pyrite, magnetite, pyroxene, sericite, zoisite, and brown mica. 

The porphyry was altereu by va rious chan ges in the hydrothermal 
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solutims;' The initial alteration was followed by quartz bering solutions 

which deposited the silica in existing fractures. Sulfides later entered, 

and deposition occurred involving metasomatic processes as well as fracture 

filling. 

Correlation of Literature 

In the course of analysis of the written material on the area, a con

siderable divergence of opinion has been expressea by various geologic 

authors concerning the major structures. 

Consequently, correlation of the featuIes has been one of examining 

the most recent surface and underground mapping, and superimposing on it the 

earlier areal maps of different author s in an effort t o show consistent sig

nificant controls in the €:,enesis of the intrusion and miIlerali~ation . 

It was hoped in this way that a reasonable explanation could be given 

for the geologic facts by rejecting anomalous ana inconsistent mappigg, 

while at the same time assemble relevant material that would aid in the recori

structim of a logical interpretation of the tectonic, and occurrence of 

the igneous geology, in particular. 

One of the main characteristic features of this re&i on is the lineal 

extent of the ore porphyry intrusion from east to west. Most recent papers 

show the intrusions rudely paralleling an east-west anticline, while earl ier 

work indicates the magma as cross-cutting a series of north-south folds. The 

later papers indicate continuous igneous intrusion along the east-west 

flat fault planes, while earlier papers report in their vertical sections . 

intermittent feeder channels through which the molten material was fed near 

the surfa ce from the deep reservoir. However, most literature does show 

the magma spread out into the adjacent country aw~ from the fault plane 
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forming roll-like bodies, or "chonoliths". 

I have compared in detail the fault structm-es by Pennebaker with the 

surface geologic map by ' Spencer. The Footwall fault coincides favorably with 

the north outcrops of the monzonite porphyry in the Kimberley area. The Flat 

f ault forms a rough south boundary of the linear outcrop of the monzonite. 

In the same ar ea. tD the north, east of Ki.Jlberley, the Footwall fault 

also coincides with the one siue of the fingers of the monzonite that 

extended beyond. the main line of intrusion, giving confirmation of local 

control of the emplacement of the cross~utting intrusive. 

In general, the axis of the anticline shown in . Pennebaker's map 

strikes in the same east-west dh-ectiw as the moozonite. Severe faulting 

has dissectea the anticline into several offset parts. But e~trapolation 

of the faulted elements to their pre-fault position tends to add momentum 

to the expression that the entry of the magma bodies was stronglY influenced 

bJ this fold ani the related axial faults. 

The portial. of the anticline in the western part of the area, accord

ing to Pennebaker's map, has suffered overturning and more severe faulting 

th80 the eastern segment of the fold. The axis of the overturned Cold 

follows the western extension of the monzonite outcrop. The major east

west faults in the west axis of -the fold are parallel to the line of intru

sions. 

The north-south faults seem to b~ve less direct influence to the control 

of the magma. 

Thenarth-south grabens s eparated by a horst and boonded by normal faults, 

in the Ruth area on Pennebaker's map probably formed during the regional 

Tertiary warping when similar down-thrown blocks were created in the Basin 

Rane;e. 
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The followirig summari~tion ana conclusions emphasize the more recent 

and more t'14c..v.t".>4j"~ work aone bJ Pennebaker, and papers by him have largely 

influenced the f oundation of the genetics of this area , as outlined below. 



Geneti c Summary 

Relation of Folding to F.ulting 

The major fault structu:JeS m ar t h e western limit of the anticline 

are clearly northeast and northwest structur es. Here t he sed.iments are most 

severely distorteci and overturned.. The major ~fault pattern is accompanied 

by a large number of smaller subsidiary fractures striking in directions 

closely parallel to these master structures. 

The movement in t he northwest diroction is in most places clearly later 

than the northeast faults, as the latter commonly terminate abruptly against 

the plane of the former. 

In my opinion, the faulting may be an expression of two stages of un

rest. After the deposition of the Paleozoic sediments, the area was subjected 

to impulses of compression from the south. 

Representation of the stressed area may be done bi the strained ellip

soid with axis of greatest and least s train. Two fault surfaces should de

velop, both striking east-west, but one dipping to the north , the other to 

the south. 

Due to the general bnittleness of the beas, they shoulo. dip greater than 

45 degrees. 

During the formation of the anticline, shearing stre s ses are initiated 

either by the slipping of the upper beds over lower bed, or by the actual 

thinning of format ions on the limbs of t he east-west fola. Usually only 

one fault will be produce9, as relief is generally easier in one tension 

directicn t.an the other. This fault will dip toward the easiest relief and 

strike at right angle s to it. 
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A rotational effect ma,y well h dve been introduced during the overturning 

of the anticline . As a conse~uence, the shear planes along which faulting 

occurred were a compromise oetween those tenaing to form by direct compression 

and those tending to form by rot ti nal stress . One very compromise is a 

thrus t fruIt dipping t owa rd t h e active stress to the south . Since similar 

east-west low-aDtSle thrust fa.ults dip to the north, the relief in tension 

in both directions wa s pr obably aboot the same. 

F ----.-- 3 IV 

I 
If til e rotaticn is carried to a rd.her high aegree , and the folding 

approaches a recumbent type, these fWllt surfaces may h--:ve a very low aip 

angle . The Flat fault in the we t pdrt uf t e area dips at approximately 
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45 , and IDBJ well represent such a struct~ associated with t he overturneQ 

anticline . 

The consequential formation of t he overturned folo i n the «e~t part of 

the anticline, to t he north, was t he result of increas ed intensit; of tIe 

force i mpulses whico exceeded the elastic limit of the rocks involved . Con-

comi tant minor warping of' t e entire area was of strong development • 

After til e creation of tue faults along t he limbs of the anticline, 

another f orce became active in tne re&i These new1.Y impinging east-

west forces couplea with the pre-existing north-south f orces to exact shear 

o 
planes at angle s of 45u to t he forces. 
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It is clehr, according to Pennebaker's areal geology map, that tne 

north-south fOICes were dominant during the early part of this secondary 

stage of faulting. The earlier northeast ·shear planes are cut off b.)' the 

later northwest shear zones _ bOll e of tla~.IX>rtheast faults turn after tra-

versing certain di~tance and strike in the airection of the later faults. 

In some areas, a series of parallel f'ault s arrayea someiVna t in eChelon 

and paralle to the major local structure, is an expression of failure in 

that particular area due to inherent weakness of the beds, or to a local 

concentration of for ces. 

ro'<:/l4'"rt -r / C) tV 

OUTC~O~ 

r 

64( .. /1:. T 5 

Instead of being applied at once in full strength , the east-west forces 

proballly began with surges that built up to a maximum value. I ao not believe 

that the earlier tecto ic agencies broke off completely before the operation 

of the east-west forces, but were overlapping aevices. However, i n some 

'pl aces, the northwest shear planes have been offset by the northeast faults, 

but the occurrellces are few ana less e]gnifi cant than the previous relation-

ship. 

It seems the mechanics of the shear movement began first to c ause 

sep~ration in toe northe ast plane . With passing time, the shear forces re-

solved themselves into stresses that sniftea in direction s o as to create the 
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major northwest shear surfaces. 

A further analysis of the faulted structures in the we st part of the 

region, shows the beds to have many local folds and warped planes with aiver-

gent axes. The extreme western part of the area is Clominat eQ by formations 

dipping to the west . 

In the region just east of Kimberley, the beds show a concistent local 

doming with the Nevada (Devonian) limstone along the crest. The correla-

t ion of the exposures and. dips in this area with those of the area directly 

north indicates a rua.e anticline instead of a dome, With the fold axis 

being nearly north-sout. 
", 

Tbe upturned beds along the flanks of this rough fol~ are greatly 

displaces ana h.~e been rendered a complex relationship along the break lines. 

This fold does not clearly appear to continue into similar repetitive struc-

tures to the east. In the eastern part of the ar :a; the warping and minor 

undulations of the beds are as numerous as in thewest secti n. Within as 

short a distance of five hun red feet, the beas may change strike direction 

by 90 degrees. This indicates the complexity of the area, and the submis-

siveness of the stratigraphy to warp under pressure. 

One of the most consi~tently dipping parts of the re~ian is north of 

Lme City, where the beas dip to the east ana southeast. Here, a. slight 

down domed warp with an open end to the southeast is t h e chi" variation 

in the attitude of the beClS. 

Along the western boondary of PennEtlaker f s geological map t h e beds dip 

generally to the west a.wB;! fran the broad north-south fold, ana. the rough 

concentric exposure of the beds bears out the existence of the broaa arching 

in th e wester n area. 
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Magmatic Intrusion 

Sustainea. movement along the east-west structures was responsiole 

largely for the locallization of the mon~onite porphyry. The lineal trend 

follows quite closely the axis of the anticline aDQ the ea~t- est faults , 

biv.iL.g close correlation. The propagatea igneous acti vi ty a s gui eo oo a r 

the surface along t his plane that projected ill depth the restless magma res-

ervoir. The relation of the intrusion in plan, to the seoiments is that of 

a long transverse oike , cross-cutting the paleozoic rocks it encounters . 

A study of the occurrence of outlying monzonite bodies indicates some 

defini te control exi ted near the enlargement ar:ea5. In nea.rly every instance , 

a major f ault is in conta ct with or is intimately associateo wit the outcrop 

of t h e intrusi on away from the central rone . That t he flOt magma utilhea 

these structures there is little oubt . As the material approached the sur-

face, t he weight of t he overlying beds became less, and at specific hori-

zons t he magma spread out into the layers. 

In the overthrus~ing of a block of folaed seoiments, the footwall seai-

mellts along the torn face of t he thru~t will tena to be separateo and o.is-

turbea along the planes of seoimentation b .J the friction of the overriuing 

block. 

""7"ZJ;ft"/\/ ,4/V..t:' .)It~~/AT~.P 

8e.as 



/LL U 5 /K//7/0/V or- F#i./fRG£ #£ A/ T 

OF #AG#~ 4L. O/vG S£RRdTELJ 8ELJO/-1/G 
PLA#£S 



- 7 -

According to the diagram, the invading magms., especially near the sur-

face where the overlying sedimentary load is lighter ana wnere greater rela-

tive movement and disturbance of the beds would take pla.ce, broke away from 

its restric~ channel and enlarged itself laterally into the serrated and 

separated sediments to form these sill-like bodies. I also believe "stop-

ing" out action of the shale and limestone beds by metasomatic replacement 

will help explain the oocurrence of the interbeaueo magma. 

The Tertiary volcanism pourea out rhyolite and rhyolite tuff on the ore 

areas aIDd tje sedo,emtsj This later igneous activity may be related to the 

wide spread volcanism in the western United. States ciuring Tertiar.)' time. 

The :rhyolite moved up along pre-existing fault surfaces that experienced 

contemporaneous movement, flowing out on the surface, anci butting up against 

the older igneous masses elsewhere. 

The cold country rock Causea a rapid loss of heat by the early plutonic 

mass, causing freezing relatively soon after emplacement. This quick solia-

ification prevented the growth of large phenocrysts in the "ore porphyry". 

The second monzonite mass , or "peanut porphyryll penetrated along the 

pre-heated fault planes which theearlier magma ascenaed alo.ng. Since the 

earliest intrusive is a porphyry of rather small sizea crystals, and the 

latter intrusion is an igneous boqy of larger phenocrysts, a change in the 

physical environment during the two }ilases of intrusion is indicated. 

Complete evidence of the more slowly cooling "peanut porphyryll is that 

of the relatively large and abunQant feld.spar crystals. In the mechanics of 

crystal growth, the size of the grain is a direct function of the power of 

crystallizati an of the particular mineral , ana the ability of the constituents 
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to diffuse to established crystal centers. A material of high viscosity 

decrease diffusion rates, but a magma, even though relatively viscous, if 

kept in a liquid sta.te for a consicierable length 0f time, and if the power 

of crystallization is not too gre at, will oevelop cry stals of comparatively 

large siz e, such as exist in the "peanut porphyry". 

I believe automa tic brecciation of the peanut porphyry bi its loss of 

heat and differential contraction was largely avoiaeo bi maintenance of 

a stable low temperature gra.dient. Such a mechanism was impotent to provide 

for permeable openings. The country was heated to a uniform relatively high 

temperature by the "ore porphyry", preventing ra.pid los s of heat by the 

later "peanut porphyry". 

The grea test volume of ore itself is confined to the mon~onite in an 

are8_ limitea by the boundary of the faul t ~one. This, I feel, is · conclusive 

• evidence that the brecciation of the plutonic material was the result of pre-

mineraliz ation recurrent movements or "lagging IT effects along the east-west 

fault zone. The fresh brittle monzonite lying in t he wake of these resiaual 

jolts fractured extensively in the .. one of the fault. The "peanut por-

phyry", largely, has farther away fran the center of intrusion than the earlier 

monzonite. But, that "peanut porphyry" occupying space within the zone of 

rene~ed tectonic activity was sufficiently crushed and broken ith the ore 

porphyry, thereby ameliorating the condition for entry and deposition of 

ore minerals. 
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The ore solutions -.J.st be genetically related to the monzonite por

phyry bodies ;Df . space and time relationships are criteria. TheJ'ore occurs 

disseminatea in the igneous along the fault zone and out into certain adjac

ent sedimentary hori~ons. 

It is evid ent that the ore solutions came from below via permeable 

pas~ageways that m~ have coincided with the present east-west fault struc

tures. If the fault planes guided both igneous intrusion ana. the later 

minera1i2~ng solutions, it is logical that the fault served a common mag

matic reservoir which genetic ally relates t he intrusion to the mineraliza

tion. 

A signifIcant observatioo is that of the affection , preferentially, of 

the limestone by early siliceous solutions. The local movement brecciated 

the brittle limestone adequately to permit permeation of the area near 

the aureole of intense alteration and the center of emanations by the silica 

bearing vapors. The incompetent shale more easily flowed under stress, pre

venting the creati0n of minute fractures amenable t o t he entry of the s e 

solutions. 

Continued later movement fractu~d very pronouncedly t his chert area, 

providing for the entrapment of the later hypogone sulfide solut ions . 

The early hydrothermal soluti ons altered the feldspars and ferromag

nesium minerals to seriate and chlorite wherever they contacted the fresh 

igneous rock. 

The silica whicrl was introaucea early in minerali4ation was merely 

deposited in t h e limestone hori~ons instead of forming contact silicates. 

This type d: replacement occurs in a low temperature environment , ana helps 

to show some of the coDd.itions that existed at this time. 
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Penetra. ting mineralizin solutions ente ea. the fracturea. chert zo e and 

the brecciateu mon:6onite to form primary ore boClies, lihile aajacent unsilici-

fied sandstone beus are unminerali lGeU. 

The aiagrBlIl beloN shows how ore boa.ies localizea in the zone of chert 

and limestone horizons is cappea by fault structures. 

The basic sulfia.es of iron ana copper, as well as some lead and silver 

are the ore min~rals. The chief ores are pyrite , chalcopyrite . They have 

been completely oxidi ~a. above the ater table to malachite, other carbon-

a.tes, copper oxiC1e, ana native copper. The chief new Jlineral formal is 

delafo ssi te • The CuFeO, must contain 4 to 6 percent copper for a.irect smelt
i:: 

ing. Thus the primary lllineralization tr nsformea the igneous masses into 

lmv-grruie ores. 

M1ere too porphyry ore is ollah,ea., the ore is uneconomic. But low-graae 

ore is economic as a result of three factor 

1. . Large volume mining . 

2 . Simple metr ons . 

:3 . Susceptibility to low-cost mining methods. 
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The low grade ora also can be concentrated. The Liberty Pit ore body 

is near too wrface. Here the ore was oxidized giving uneconomic material. 

But at gre ~ter depths, the migrating copper is present as secondary chalco-

cite in the replacement of other primary sulfides. 

ome lead and silver ore boaies occur as replacement bodies in lime-

stone. The local control is by fractur ing. These ores lie farther from the 

intrusive contact at lower temperature regions than where the copper miner-

als were deposited. The lead ruld silver sulfide~ were oxiaized to PbCl
2 

and AgCl (ceragyrite), with little or no Qownward migration • 



ORE OC ~UR1l8 TeES 

and 

SA1TI?LIXG 

The great payable are bodies of the district are 

part of the porphyry mass, mineralized by pyrite and copper glance. 

The lower limits of oxidation is about 100 to 15() feet, very irreg

ular,and has no limit to the ground water level. 

The pay are lies unde l t~ zone of oxidation, and 

is about 400 feet thick. The copper values are not evenly distributed, 

and th ~ richer ground appears controllwd by local conditions,permitt

ing the f ree descent of surfaae watels . The workable are bodies are 

tertiary, not ~econdaI'J, and result from the leachinc; of the former 

secondary ores of the oxidized zone. 

Sample averaging yields 10 ~ pyri te and 3 .2!) ;' 

chalcocite. Eany parts of the are body carry 8 to 10 ;, copper. 

At Copper Plat, theporphyry are differs from tha t of tIE Ruth mine in 

an important particular, that is,in the zone of oxidation the copper 

has no t been leached out, but remains in the forIn, of carbonates. 

The are bodies are r f enormous extent. That of the 

Eure~a J.Une is 700 by 800 fee t. T,~a t of the Ruth mine bas a width of 

::>0 to ;:;50 feet, and has a known vertical thickness of ::;50 feet. The 

rock is leached for 50 to I SO feet down, carrying not over one half 

% copper. Below this, minute seams of pyrite and copper glance ocx::ur 

in dec omposed porphyry. At the :'"' F.uth Yine, the are bodies hec (j~e 

lew grade at a depth of 400 feet, the a pproximat e limi t of seco.n" ary 

enriC!.lJ1.ent. ""'ltC ore }lH S hI - a7e~'aC:8 vul' w of ..:. ...... :' cO~_1c r a t trw 
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