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ore was for the most part immediately overlain by rhyolite, but in one place a sliver of pyrine
limestone was observed between the ore and the rhyolite, and in the Ely Central shaft, situated
about 626 feet east of the pit edge, 90 feet of limestone was found below the rhyolite and above
the pyritized porphyry that was found at a depth of 555 feet. On the north side of the Copper
TFlat pit there are exposures of metamorphosed limestone heavily charged with pyrite, which
appear to represent masses of the sedimentary rock that are surrounded by porphyry.

During the excavation of this pit the porphyry ore was found to be interrupted by two
dikes of rhyolite and by a dikelike body of breccia, which contains fragments of rhyolite. These
dikes, which are from 20 to 50 feet wide, strike somewhat east of north and dip steeply toward
the northwest. In one place finely disseminated metallic copper was noted in soft decomposed
rhyolite near the walls of one of these dikes.

Near the eastern side of the Copper Flat pit a flat-topped body of unenriched porphyry was
found about 150 feet below the original ground surface. This mass of worthless rock, which
occupies a rudely elliptical area about 250 feet long and from 100 to 200 feet wide, is known
from drill records to carry from 0.2 to 0.7 per cent copper down to an explored depth of 150
feet below its top. Above this essentially barren rock there was 100 feet of ore of nearly 2 per
cent grade, which is flanked on all sides by ore, that -extends to additional depths of 50 to 100
feet. The material of this horse has escaped the enrichment that has converted the adjacent
rock into ore probably due to the presence of a flat-lying dike of fine-grained rhyolite, which
prevented the copper-bearing waters from penetrating it. This suggéstion is based on the
observation of a thin body of rhyolite in three places, and, though it is not known that this
rhyolite was coextensive with the area of the horse, it seems probable that it was and that the
intrusive rock had been for the most part removed by the shovels when the overlying ore was
mined.

" For the eastern or Copper Flat section of the ore ground the average thickness of the ore
was estimated in 1911 to be 190 feet, and that of the immediate overburden to be 87 feet. As
indicated on Plate XI the width of the ore ground is here from 700 to about 1,300 feet.

Mining began near the eastern part of the Copper Flat section and as operations were
extended toward the west a change in the composition of the ore was noted. The chemical
composition of approximately 3,000,000 tons of ore mined prior to September 1, 1910, indi-
cates the presence of less than 5 per cent of pyrite, and ore of this sort, as treated in the milling
plant, furnished about 1 ton of concentrate for every 10 tons of ore. Ores from the west
side of the Copper Flat section and from the Liberty pit are reported to carry considerably
greater proportions of pyrite, and this is indicated by the fact that during 1913, when most of
the ore treated came from the localities stated, the average ratio of concentration dropped to
6.94, or, in other words, 6.94 tons of ore furnished 1 ton of concentrate. Where pyrite is most
abundant it occurs in the form of films deposited along joint fractures, and in general it appears
that this film of pyrite has been much less effective in precipitating chalcocite than the sul-
phides that are disseminated through the body of the rock.

The siliceous carbonate ore that has been mined by the Nevada Consolidated Co. came from
the Copper Flat pit. This material consists mainly of quartz of the type that usually occurs
in veins, but samples examined by means of the mlcroscope were found to contain a little
orthoclase. Material obtained from the lowest exposures in 1910 contained chalcopyrite in
grains coated with chalcocite, but to a depth below the original surface of nearly 200 feet this
ore appears to have contained very minor amounts of sulphide minerals, and the copper present
occurred mainly in the form of malachite and probably in part as brochantite.

This material occurred as a body of irregular shape surrounded by porphyry ore. As
exposed in 1910 it had a length from south to north of nearly 600 feet and an apparent width
of 100 to 200 feet.

In the central section, opened by the pit named after the Hecla claim, explorations have
shown that the compact body of enriched material that carries more than 1 per cent copper
occupies only the central part of the porphyry intrusion, and that its width is locally hardly
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more than 400 feet. The average thickness of the ore body was estimated in 1911 at 280 feet
and that of the overburden at about 100 feet. _ '

In the western or Liberty section, the ore ground was supposed, prior to explorations
carried on during 1913, to have a width of 400 to 500 feet.” Estimates made in 1911 indicated
an average thickness of about 193 feet for the body of available ore and of about 155 feet for the
overburden.

As the result of excavations along the approach to the Liberty plt from the north, ore was
discovered on the Oro and Josie claims during the summer of 1913, and by churn-drill explora-
tions this body of enriched material was found to extend over portions of the Wedge, Champion,
and Montana claims. Between the Josie-Montana section and the previously dcveloped Liberty
section there is a dike of rhyolite-bearing breccia, from 15 to 100 feet wide, which tlends nearly
east and west and dips steeply toward the south.

RUTH GROUP.
LOCATION.

The property of the Nevada Consolidated Copper Co. that is known as the Ruth group
consists of 36 claims and fractions which have an aggregate area of about 455 acres. The
property extends along the central mineralized zone for a distance of about 14 miles; its east
limit is about 3} miles west of Ely, and its west limit somewhat more than half a mile east of the
Copper Flat ore pit. In the southeastern part of the group the Turkoy and Bully Boy claims
adjoin the Cumberland claims of the Jupiter group of the Nevada Consohdated Co.

HISTORY.

The body of porphyry ore covered by the Ruth and adjacent claims appears to have been
discovered in 1901 by Grey and Bartley. The ore top was reached in an inclined shaft at a
depth of 120 feet, and after explorations had been extended to a depth of 300 feet control of
four claims, including the Ruth, was acquired by M. L. Requa and F. W. Bradley. Several
adjacent claims were secured during 1902 and 1903 and in 1903 the White Pine Copper Co. was
organized for the purpose of more fully developing the property. During 1904 explorations
were continued in the Ruth mine, shafts were sunk on the Columbia and Last Hope claims, and
the Ruth ores were tested by means of an experimental mill erected at the mouth of the shaft.!
In 1904 the Nevada Consolidated Copper Co. was organized, and the properties of the White
Pine Copper Co. and of the New York & Nevada Copper Co. were transferred to the new com-
pany in 1905. At this time the proved ore in the Ruth mine was estimated to amount to
2,400,000 tons, showing an average grade of 2.6 per cent copper. Underground development
was continued during 1906 and 1907, and by means of churn drills the general limits of the
ore body were determined in 1909 and 1910. In 1909 the Ruth ore body was estimated to
contain 8,000,000 tons of ore that had a copper tenor of about 2.5 per cent.?

From 1909 to 1911 churn-drill explorations were made in parts of the Ruth group where
masses of mineralized porphyry occur. Though the chalcocite-bearing rock was found to be
essentially coextensive with the porphyry no ore bodies of commercial value were developed as a
result of this work.?

' LOCAL GEOLOGY.

Except for a narrow strip of Arcturus limestone on the Lizzie Buchanan claim and a small
patch of obsidian on the Copper Queen claim, the area of the Ruth group is occupied by porphyry
and by limestone belonging to the Ely formation. The area lies within the principal zone of
intrusion, and as elsewhere along this zone both the masses of sedimentary rock and those of
the invading porphyry have been for the most part intensely metamorphosed and thoroughly
charged thh pyrite or with pyrite and chalcopyrite.

1 Requa, M. L., Experimental mill of the Nevada Consolidated Co.: Min. and Sci. Press, vol. 97, pp. 90-95, 1908.
3 Nevada Counsolidated Copper Co. Third Ann. Rept., for the year ending Sept. 30, 1909.
3 Nevada Consplidated Copper Co. Fourth Ani. Rept., for the year.ending Sept. 30, 1910.
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Two large bodies of porphyry that lie mainly within the group and two smaller bodies on
the Josephine, August, and Last Hope claims are shown on the map (Pl. X). The outlines of
the smaller bodies are very much generalized because of poor exposures, and probably there are
other occurrences which were not detected on account of surface débris.

According to the data obtained from underground workings and from drill-hole records it
appears that the walls of the porphyry bodies are almost everywhere highly inclined. This
attitude, taken in connection with the extremely irregular outlines and the broad rather than
narrow plans of the porphyry masses, indicates that the intrusions are essentially cross-breaking
in relation to the stratified rocks which they invade. Comparison of the relative positions of
the porphyry edge at the surface and in the workings of the Ruth mine indicate that the wall
on the south has a northerly dip of about 60° and that what may be called the lateral walls on
the east and west are both steeply inclined in a westerly direction.

Although the local structures of the invaded limestones have not been made out from
direct observations of strike and dip, it is apparent from the areal distribution of the Ely lime-
stone and of the formations that lie next above and next below it (see P1. X)) that the lower beds
of the Ely formation outcrop toward the east and the higher beds toward the west, so that in a
general way the average strike of the strata seems to be nearly north, or transverse to the axis
of the intrusive zone, and the dip to the west. Along the edges of the metamorphic belt, both to
the north and to the south, the strike and dip are extremely variable, so that there is no evidence
in the structure of the surrounding rocks which would tend to show that the porphyry intrusions
have caused any general arching of the strata such as should be discoverable if the porphyry
masses were laccoliths rather than stocks.

The rock of the porphyry masses of the Ruth ares has been almost wholly sericitized and
charged with pyrite and with minor amounts of chalcopyrite, but along the borders of the two
larger intrusions there are a few places where very minor portions of the rock have escaped the
otherwise general metamorphism. Such essentially unmineralized rock was noted at the
southwest corner of the Kearsarge claim and on the Turkoy and Roosevelt claims.

Within the Ruth group the limestones of the Ely formation have been almost everywhere
more or less intensely metamorphosed. Though the detailed separation and mapping of the
alteration products has not been attempted on Plate X, several areas within which numerous
or large masses of jasperoid or bodies of partly silicified limestone occur have been outlined,
some of the outlying ledges of jasperoid have been shown, and localities where outcrops of
garnet rock were noted have been indicated.

At the surface the jasperoid is almost invariably deeply stained with iron compounds,
showing that the unweathered rock carries abundant pyrite. Massive outcrops-occur from
place to place, but elsewhere the presence of the jasperoid is indicated by the occurrence of
. loose gravelly material composed of angular fragments in which cavities are present that formerly ’
contained pyrite.

Where the jasperoid bodies present bold outcrops they generally have more or less tabular
forms and very sharp boundaries. In several localities these occurrences are flanked by marble,
whereas elsewhere they are bordered by limestone that shows very slight alteration. Prospect-
ing along the walls of these jasperoid ledges has revealed the presence of copper carbonates in a
few places, but nothing of particular promise has been discovered.

_ The assay plans of the levels of the Ruth mine show that locally at least the silicified and
pyritized limestones of this general section carry a few tenths of 1 per cent of copper, and most
of the jasperoid probably contains some chalcopyrite in addition to the invariably abundant
pyrite. However, the record of drill hole 17 (situated 525 feet east of the Star Pointer shaft)
shows copper in only one of 46 samples that represent a 260-foot section of pyritic jasperoid.

Outside the areas in which large masses of jasperoid occur the limestones are very unevenly
metamorphosed. From existing exposures garnet rock seems to have been extensively formed
only on the City of New York and adjacent portions of the Kellinske Hill, Blair, and Brilliant
claims. In this neighborhood most of the material at the surface is so decomposed and rusty
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that the nature of the alteration can not be satisfactorily determined, but on the City of New -
York claim there are showings of massive yellow and green garnet in a matrix of rather coarsely
crystalline marble. Pyrite and chalcopyrite are intimately associated with the garnet, and the
garnet sulphide aggregates are intermingled with irregular masses of dense magnetite. Limonite,
which oceurs, w1th t,he magnetite, has doubtless been derived from the oxidation of pyrite. The
garnet and magnetite outcrops occur within an area that measures about 400 feet from north to

south, and t,he most northerly exposures are nearly 200 feet from the edge of the Ruth mass of
porphyry.

South and immediately west of the porphyry mass of Kimbley Hill on the Turkoy, August,
Last Hope, and Columbia claims, and within the general area occupied by the porphyry on the
Spion Kop claim, the limestones have been but slightly altered, though the igneous rock has
been thoroughly charged with sulphides and only a short distance to the west jasperoid occurs
in large amounts.

In the northern part of the group the limestones that adjoin the principal masses of jasperoid
have been to a greater or less degree bleached and marbleized, but the more strongly altered
phases of the 1'ock are very irregularly distributed and general metamorphism’ does not extend
as far as the northern portions of the Roosevelt, Dorothy, and Sophie claims.

RUTH ORE BODY.

The mass of porphyry ore which has been developed in the Ruth mine is a blanket-like
deposit that covers an area of about 30 acres on the Ruth, Blair, Ingersoll, Kearsarge, and
Eclipse claims, and in addition a few acres on the Minnesota and Butcher Boy claims, which
belong to the Consolidated Copper Mines Co.

The ore body was discovered in an inclined shaft, the mouth of which is situated on the
Tunnel Site fraction about.50 feet from the south side line of the Ruth claim. This shaft, the
inclination of which is approximately 41° NNW., was carried down to a vertical depth of -about
430 teet.  Four levels were opened, as follows (see Pl. XIII): First level at 125 feet; has 350
feet of workings east and 330 feet of workings west of the shaft. Second level, at 187 feet; has
drifts east 200 feet, and west 500 feet, and a total of 800 feet of crosscuts. Third, or main
level, at 302 feet; has two parallel drifts about 180 feet apart, which aggregate about 2,000
feet in ore, and 2,200 feet of crosscuts. Fourth level, at 416 feet; has a drift 880 feet to the west
and two crosscuts which amount to 420 feet. Sublevel W01kings above the second level amount,
to about 460 feet. In addition to the horizontal openings, which aggregate more than 8,000
feet, there are raises, mainly from the second and third levels, which amount to 1,850 feet S0
that including the shaft the total extent of the exploratory workingsis apprommately 11,000
feet. :

To provide for the operation of the Ruth mine, the Star Pointer shaft was sunk to a depth
of 460 feet and a haulway 1,400 feet long was driven from the 359-foot level to connect with the
third level of the mine at a point about 1,060 feet west of the Ruth incline.

By means of the workings noted above, all of which were completed previous to July, 1907,
a block of ground which measured approximately 1,200 by 250 to 400 feet had been systemati-
cally explored and found to contain a blanket of ore from 100 to nearly 250 feet thick. The
extension of the ore toward the north of the mine workings was determined by means of churn-
- drill explorations, carried on mainly during the year 1909, and as a result of this work the pre-
viously known area of the deposit was more than doubled.

The origin of the Ruth ore, its general nature, and the manner of its occurrence are essen-
tially like tlmt, of the ores of the other porphyry mines of the district. From the character of
the weathered material at the surface it is known that the rock of the porphyry mass in which
the ore occurs has been very generally metamorphosed and pyritized. Not only so, but every-
where that the rock has been penetrated by drills it is found to contain copper, and as a rule there
is good evidence in the assay records that the material just beneath the fully oxidized capping
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has been enriched through the deposition of secondary chalcocite. Though the distribution
of the chalcocite-béaring rock is thus to be regarded as corresponding essentially with the
distribution of the porphyry, the body of material that is rich enough, thick enough, and suf-
ficiently uninterrupted to be of value occurs in the southern part of the porphyry mass and
occupies hardly more than half of its entire area. (See Pls. X and XIII.)

In the mine workings which have explored the southern part of the ore ground the hori-
zontal limits of the ore blanket toward the east, south, and west coincide with the walls of the
porphyry mass, but toward the north the workable ore is either flanked by mineralized porphyry
that carries only minor amounts of copper, or the ore blanket becomes so thin as to have no
practical importance.

Wedges of oxidized rock extend downward into the ore mass so that the surface between.
the capping and the ore is one of great irregularity. If these irregularities are neglected, it
appears that the ore top reaches its greatest elevation in the southeastern corner of the porphyry
area and that the general surface between the capping and the ore lies at lower and lower eleva-
tions from the vicinity of the shaft toward the west, and from the southern edge of the ore
blanket toward the northwest and north. (See Pls. XIII and XIV.) The general slope of the
ore top appears to be toward the northwest within an area approximately 900 feet wide, but
several drill holes show that beyond this area the surface between the capping and the sulphide-
bearing rock rises, so that in the northwestern part of the ore ground this surface stands con-
51derably above its minimum elevation. As is indicated on the diagrams the oxidized capping
over the blanket of chalcocite-bearing ore ranges in thickness from about 110 feet to about 435
feet. Its average thickness appears to be c0n51derably more than 300 feet.

It is difﬁcult to make any general statement concerning the thickness of the Ruth ore
blanket. The block of ground developed by the mine workings is hardly more than 400 feet
wide. Though on the third level ore of average grade has been exposed at the ends of six
crosscuts, which trend north-northwest, between these workings and a line joining the nearest
drill holes beyond there is an unexplored area more than 300 feet in width. North and north-
west of this undeveloped area there are nine holes which show 50 feet, or more of rock that contains
more than 2 per cent copper, and of these nine holes four show from 95 to 150 feet of this material.

In hole 2, and also in hole 18, 150 feet of good ore was found, and assays of samples from the
greatest depths showed, respectively, 2.2 per cent and 4.0 per cent copper. Another place where
the full thickness of the ore may not have been determined is in hole 15. Here 85 feet of rock
which averaged 2.5 per cent copper was penetrated. A sample of the third 5-foot section from
the bottom showed 2.2 per cent copper, and samples from the two sections below showed 1.9
per cent and 1.4 per cent,

Within the block of ground developed by the Workmgs from the Ruth incline the thickness
of the enriched material that is regarded as being of workable grade appears to range from 100 or
perhaps 120 feet in the western part of the mine to a local maximum of 250 feet in the eastern
part. Though the ore top is approximately 200 feet higher in the vicinity of the shaft than it is
in the western part of the mine, the bottom of the body of ore that carries say, more than 1.8
per cent copper does not exhibit a corresponding slope but is so nearly horizontal along a line
parallel with the mine drifts that, though practically all of the third level workings are in ore of
average grade, only subgrade material appears in the drift on the fourth or bottom level, which
is 114 feet deeper than the third level. '

In August, 1910, water was standing in the Ruth shaft at a point about 70 feet above the
lowest mine level or at an elevation slightly less than 6,700 feet.

A chemical analysis of a composite sample of matenal from 5,000 feet of mine workmgs, ,
made in 1904 by Herbert Ross,! showed, for the Ruth ore, copper 2.61 per cent, iron 6 per cent,
and sulphur 5.34 per cent. If the assumption is made that the ore carries 0.6 per cent of chal-
copyrite, corresponding with 0.21 per cent of copper, the copper remaining would allow for 3
per cent of chalcocite, and the sulphur then left would be sufficient for 8.5 per cent of pyrite.

t Lawson, A. C., The copper deposits of the Robinson mining district, Nev.: California Univ. Dept. Geology Bull., vol. 4, p. 337, 1906.
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This calculation indicates that altogether the sulphide minerals in the average ore amount to
about 12 per cent, but the estimate is not entirely satisfactory, because about 1.8 per cent of iron
shown by the analysis is not provided for.

Extensive tests made in 1904 showed that in milling approximately 7 tons of the Ruth ore
will furnish 1 ton of concentrates. :

CHALCOCITE IN THE KIMBLEY HILL PORPHYRY MASS,

The rock of the intrusive mass that outcrops on the Kimbley and adjacent claims has
been metamorphosed and charged with sulphides in essentially the same manner as the rock of
the Ruth intrusion. Though churn-drill explorations have shown more or less enrichment of
the primarily mineralized rock, beneath the oxidized capping the distribution of material that
carried more than 1 per cent copper was found to be so irregular that it seems entlrely unlikely
that any of the chalcocite-bearing rock can be profitably mined.

MINOR PROSPECTS IN THE RUTH AREA.

Before the discovery of the body of porphyry ore in the Ruth mine, prospecting had re-
vealed several ocourrences of copper ore on claims now included within the Ruth group, and in
one place a body of oxidized ore is reported to have been worked as a source of gold. Though
these deposits do not offer any particular promise of commercial value, they are of interest in a
consideration of the ore deposits of the district as a whole,

The material mentioned above as carrying gold occurs near the center of the Kellinski
Hill claim. As seen in shallow workings the dcpos1t appears to have been a gossan derived from
a somewhat siliceous pyritic replacement body in limestone. Along the outcrop the ore has
been excavated for a distance of perhaps 30 feet and the thickness of the deposit appears to have
been from 2 to perhaps 6 feet. The ore layer strikes northwest and dips northeast, apparently
at an angle of about 20°. Above the ore layer white marble is exposed, and the deposit probably
conforms with the original beddmg of the limestone. No information is at hand in regard to
the assay value of this ore.

About 250 feet west of the common end line of the Blair and Pine Grove claims a jaspery
vein from 1 to 3 feet wide has been opened by a shaft. The strike of this vein is nearly north
and its dip about 65° W. The shaft is perhaps 50 feet deep, and though green copper minerals
were found no lateral work was done, so that the conclusion is warranted that no body of ore
was discovered. The wall rock is limestone that has been only slightly metamorphosed.
Though the attitude of the bedding was not determinable, appearances indicate that this vein
breaks across the stratification.

On the Blair claim, near the southwest corner of the Kearsarge claim, there is a shaft,
150 feet deep, which is inclined about 55° in a direction somewhat north of west. Immediately
below the soil and to a depth of about 30 feet there ar: strong showings of copper carbonate,
then for an additional depth of 60 feet the material is deep red, and below this green copper
minerals appear and are more or less abundant to the bottom of the shaft. The gangue material
is mainly rusty jasperoid.that occurs in irregular layers, and in the lower half of the shaft there
are large amounts of white clay. Because of the layered nature of the leached jasperoid and
the presence of the white clay, which is probably kaolin, this deposit resembles the ore bodies
of the Alpha mine in the western part of the district.

About 1,100 feet north of the Ruth shaft, near the center of the Copper Queen claim, a small
body of rich copper ore was discovered a fcw feet beneath the surface. Though the ground in
the vicinity is almost completely mantled by loose débris, this ore body appears to oocour in
jasperoid at a point about 100 feet from the east boundary of the Ruth mass of porphyry.
Several tons of ore, estimated to carry at least 20 per cent copper, that had been piled near the
shaft mouth, is said to have been mined in 1900. The ore is siliceous material that contains
green and blue copper carbonates and probably some brochantite and cuprite. Though the
shaft was not accessible in 1910, its depth is probably not more than 30 feet.

46462°—17—11
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On the Sophie claim, 1,400 feet northeast of the Copper Queen shaft, there is a tabular
body of jaspery material that occurs in slightly metamorphosed limestone. The rusty lode-
stuff outcrops at intervals for a distance of nearly 100 feet and shows thicknesses of 1 to 3 feet.
The strike of the ledge is about N. 50° W., and its dip about 45° NE. Though the inclosing
limestone is so massive that its stratification can not be definitely recognized, it seems probable
that this deposit follows the original bedding. As shown by an inclined shaft, material that
carries abundant azurite was found practically at the surface. Though the character of the
workings indicates that several small pockets of ore were cut by the incline, there are no lateral
workings to speak of and the lode appears to pinch out entirely at a depth of about 50 feet.

Though the metallic-deposits of the Ruth area are essentially copper deposits, such as
are characteristic of the central part of the metamorphic belt throughout the Ely district, the
more northerly claims of the group extend beyond this central zone and take in part of the
flanking zone, within which there are deposits of silver-bearing or silver and gold bearing lead
ores. Ores of this general type have been mined from a vein on the Hayes claim, and there are
minor replacement deposits of Jaspery material that carries lead on the Spemﬁc, Clara, and

Sunbeam claims.
ELY CONSOLIDATED GROUP.

LOCATION AND HISTORY.

The property of the Ely Consolidated Copper Co., which is situated south of the Ruth
group of the Nevada Consolidated Co., comprises 19 claims and has an area of about 370 acres.
The present outlines of the property are somewhat different from those of the group as it was
constituted when the company was organized, in 1906, several of the more southerly claims
having been acquired by purchase, and the Rising Sun, Northern Red Bird, and Famous claims
having been relinquished to former owners. As a result of these losses the Brilliant claim is now
surrounded by lands belonging to other interests.

During the year 1907 the property was under continuous development, and more or less
exploratory work was oarried on during each. succeedlng year to and including 1913. Though
several lots of ore from the Zack and Brilliant mines have been shipped, at no perlod has either
mlne been a steady producer.

LOCAL GEOLOGY.

The area of the Ely Consolidated group is ocoupied mainly by Ely limestone, though the
overlying Arcturus limestone is supposed to occur on the Zack claim and a small body of por-
phyry outcrops on the American claim. (See Pl. X.) Most of the claims of the group lie
entirely south of the zone within which the rocks are affected by thorough metamorphism, but in
the northern parts of the Zack and American claims and on the Brilliant claim the limestones
are rather generally, though not uniformly, altered.

DEVELOPMENT AND ORE OCCURRENCES.

The principal development work on the Ely Consolidated property has been done on the
Zack, American, and Brilliant claims.

The Zack shaft was opened to a depth of 435 feet in 1907. The materials penetrated
are said to have been highly ferruginous, and at a depth of about 400 feet a body of copper
carbonates was found from which a carload of 20 per cent ore was shipped in May, 1907.
Explorations on the 400-foot level during the autumn of 1910 resulted in the development
of some ore and the shaft was deepened to 500 feet. In 1911 ore was discovered at several
places on or below the 500-foot level, and assays were reported to show from 3 to 9 per cent
-copper and from $1 to $3 in gold per ton.! Previous to December, 1913, the shaft had been
carried down to a depth of 800 feet and levels had been opened at 600 and 700 feet. On the
600-foot level copper ore is said to have been found about 264 feet south of the shaft.

1 Min. and Sci. Press, vol. 102, p. 642, 1911; vol. 103, pp. 61, 789, 1911.
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As the Zack workings were flooded at the time when it would have been convenient to
examine them, no detailed statement can be made in regard to the geologic features of the
ore occurrences. The level of standing water is about 400 feet below the surface, which is
approximately the depth at which the first ore was discovered. On the 400-foot level the
ore carried only oxidized copper minerals, but in the lower workings some chalcocite occurred.
Material collected from the mine dump in 1910 includes marble, pyrite-bearing garnet rock,
jasperoid, and sericitized limestone. White clay, which is reported to occur in association with
the ore minerals, is probably kaolin which has been derived from altered limestone that carried
abundant sericite. :

In the vicinity of the American shaft the limestones are generally somewhat metamor-
phosed, and several ledges and bunches of rusty jasperoid outcrop. The shaft is situated near
the edge of a small body of porphyry which comes to the surface in the bed of a ravine. The
shaft was opened to a depth of 520 feet in 1907. Jaspery material found during the progress
of this work carries copper, lead, and silver. Water is reported to stand more than 100 feet
above the bottom of the shaft. '

North of the Brilliant shaft, on the City of New York claim, the limestones of the Ely
formation have been altered to marble, garnet rock, magnetite, or jasperoid. At the surface
on the Brilliant claim there are several bodies of jasperoid, but the intensity of the general
metamorphism diminishes very notably from north to south, and in the southeast corner of
the claim the limestone beds are essentially unaltered. In this immediate vicinity the strata
strike nearly east and west and dip perhaps 40° N. Though the rocks exposed at the surface
near and south of the shaft are only moderately metamorphosed, on the 400-foot level of the
mine the limestones were thoroughly silicified and heavily charged with sulphides, not only
at the shaft but toward the south as far as explorations had been made, so that here the move-
ment of the solutions which caused the metamorphism was closely controlled by the stratifica-.
tion of the limestone formation.

The Brilliant shaft was sunk to its present depth, 625 feet, in 1907. In 1910 explorations
were in progress on the 400-foot level, and at that time water was standing in the shaft about
35 feet below that level. All the accessible workings showed thoroughly metamorphosed lime-
stone irregularly charged with sulphides, and a large part of the rock exposed was dense
jasperoid that carries pyrite and very minor amounts of chalcopyrite. Small irregular bodies
of massive pyrrhotite which carries irregularly distributed chalcopyrite are associated with the
pyritic jasperoid. In workings west of the shaft a veinlike body of mixed sulphides had been
discovered and somewhat extensively explored. This deposit, which, as seen, had a thickness
of 2 to 8 inches, appears to follow the original stratification of the metamorphosed limestone.
It carries pyrite, chalcopyrite, sphalerite, and calcite, the relative abundance of the several
sulphides changing greatly from place to place. An assay of a sample of ore from this vein
is reported to have shown 3.42 ounces gold and 12.60 ounces silver to the ton, and 13 per cent
copper. ' . :

.COPPERMINES GROUP.

LOCATION AND HISTORY.

The property here called the Coppermines group, consisting of 33 claims and fractions with
an aggregate area of about 500 acres, lies north and east of the Ely Central group and north -
and west of the Ruth group.

Though ores carrying silver or silver and gold associated with lead were mined in the
northeastern part of the area many years ago, no extensivé developments were undertaken
until 1906, when the claims of the group were segregated by the Ely Mines Co. The property
was transferred to the Coppermines Co. in 1907 and to the Consolidated Coppermines Co. in
1913. .

The Ely Mines Co. began active exploration in the summer of 1906, and within the ensu-
ing year shafts had been opened on the Sunlight and Minnesota claims. The Coppermines Co.
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continued development by means of underground work on the Minnesota and adjacent claims
during 1907 and 1908, and by means of churn drills during 1909 and 1910. As a result of
these and subsequent explorations a body of porphyry ore was discovered which in 1913 was
estimated! to contain 1,900,000 tons of ore, the average copper tenor being 1.29 per cent.

LOCAL GEOLOGY.

As indicated on the geologic map (Pl. X), four of the sedimentary formations of the district
occur within the area of the Coppermines group of claims, and in the eastern part of the area
there are outcrops of porphyry. No exposures of rhyolite were noted at the surface, but this
rock occurs in the mine workings on the Minnesota claim.

In the western part of the property, on the Herold and Sunlight claims, the Nevada lime-
stone is more or less bleached and from place to place is rather coarsely crystalline. Though
~ the rock is thus generally metamorphosed the stratification has not been entirely obscured,

and from observations in several places it appears that the average direction of strike is toward
the northwest and dips are from 45° to 60° SW. Within the area covered by this formation
there are very few indications of metallic mineralization, but in two or three places shallow pits
have disclosed small amounts of copper-stained material, and on the Burning Moscow claim a -
small pocket of chalcocite ore was encountered.

Two parallel ledges of dense jasperoid, from 25 to 50 feet wide and about 100 feet apart,
occur on the Sunlight and Herold claims. These ledges may be traced more than 2,500 feet
toward the northwest, in which direction they diverge somewhat and are accompanied by
flanking and intervening ledges of the same material. "All these tabular bodies appear to stand
nearly vertical and they must bave been formed as the result of replacement along a set of
fractures that break across the stratification of the limestone. Though most of the jasperoid
occurrences in the district present rusty outcrops, these bodies are almost free from iron stains,
so that the conclusion may be reached that they originally contained little or no pyrite.

The Nevada limestone area is bounded on the east by a strong fault, beyond which the

- Chainman shale appears at the surface within an area from 250 to 500 feet in width. Material
from several shafts (including the Sunlight shaft, said to be nearly 300 feet deep) shows that,
though the shale is so slightly baked that it retains its characteristic black color, much of the
rock is heavily charged with pyrite. The stratification of beds exposed in a pit on the fractional
claim that lies south of the Sunlight claim strikes somewhat north of east and dips 60° SE.
Though the dip of these beds conforms with that of the Ely limestone to the south of the shale
area, to the north on the Sunlight and Herold claims the general attitude of the shale is
probably more nearly horizontal.

The shale area is flanked on the east and south by limestones of the Ely formation. So far
as exposed these rocks appear not to have received any noteworthy metamorphism, except in
the vicinity of the boundary between them and the Chainman shale. Along or near this
-parting on the Sharon, Cliff, and Mabel claims there are rugged outcrops of iron-stained jasper-
oid that contain irregular cavities which were formerly occupied by pyrite.

As ‘already noted in describing the Ely Central property the area occupied by-the Ely
limestone is supposed to be bounded on the southeast by a fault which trends northeastward
across the Intervention, Mabel, and Roy claims. Though the existence of this break has not
been fully demonstrated, east of the fault trace, as mapped, there are prospect pits which
contain yellow and red earthy materials, such as are known in other localities to result from
the weathering of beds that belong to the Arcturus limestone, and fossils that serve to fully
identify this formation occur on the Ely Central Tutweiler No. 1 claim and on the Vanderbilt
claim of the Coppermines group.

Along the northwest side of the Arcturus area dips observed at two localities are toward
the southeast. Along the eastern boundary the attitude of the bedding is not definitely
determinable, but as the Ely limestone, which lies stratigraphically below the Arcturus,

1 The Coppermines merger: Min. and Sci. Press, vol. 106, p. 889, 1913.
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appears to the east the general structure in this vicinity is evidently synclinal. (See Pl. II, in
pocket.) The brilliant coloring of the decomposed materials that have been exposed in shallow
pits at several places is not regarded as an indication that the unweathered rocks are charged
with pyrite.

Immediately east of the Arcturus area, on the Cuba, Phoenix, and October claims, the
limestones of the Ely formation are essenmally unaltered but as the porphyry intrusion is
approached these rocks are more or less bleached and locally they have been marbleized or
changed to a soft white material rich in sericite, and in a few places nests of garnet have been

. developed in them. Compact bodies of massive jasperoid, most of them small, outcrop from
place to place within the area of general bleaching, and beyond this area, on the Tin Cup, Cuba,
Phoenix, and Hayes claims, there are veins and bed deposits from W]nch silver or gold-bearmg
lead ores have been mined.

The limestones immediately surroundmg the porphyry intrusion are known from the
underground workings to be irregularly silicified and generally charged with pyrite, but because

. the surface is almost entirely mantled by loose débris the areal distribution of these pyritio
materials can not be accurately delimited. Samples of the pyritic limestone which were assayed
during the progress of exploration work are reported to have contained from 0.1 to 0.5 per
cont of copper.

The porphyry that occurs on the Butcher Boy and Minnesota claims is part of the mass
which outcrops mainly on the claims of the adjacent Ruth property. Though the limits of the
porphyry area are not everywhere accurately determinable from a study of the surface, it is
believed that the outlines shown on Plate X are substantially correct, and that the extent of the
area within which this rock appears at the surface on the Butcher Boy and Minnesota claims
is not more than 8 or 9 acres. It should be noted, however, that in the mine workings the
porphyry was found from 200 to 250 feet farther west than at the surface, also that porphyry ore
is reported to occur beneath a capping of rusty jasperoid near the east end of the Minnesota
claim, so that the extent of the porphyry mass evidently increases at lower and lower levels.

PORPHYRY ORE IN THE MINNESOTA MINE.

In 1910 the underground developments on the Minnesota claim comprised tunnel work-
ings, which amounted to about 1,300 feet, and a shaft 230 feet deep, which had 1,800 feet of
lateral workings on the 215-foot level. These workings are mainly in altered limestone or in
a soft gougy material which passes under the name ‘‘gumbo.” That this gougy material is
decomposed rhyolite is known from the fact that all of it carries minute crystals of quartz, such
as are characteristic of the rhyolites of the district. '

On the tunnel level it is evident from the brown color of the weathered materials that all
the limestone formerly contained pyrite, and locally unoxidized remnants of this mineral may
boe observed. On the 215-foot level the limestone is for the most part heavy with pyrite. -

Leached porphyry was found in the most easterly workings on the tunnel level. There
were showings of copper minerals in several places, and explorations below the level revealed
some sulphide ore that carried about 2 per cent copper.

On the 215-foot level very little thoroughly weathered material was found, and here, in
two crosscuts about 450 feet apart, the edge of the porphyry mass is farther to the west than
on the level above. The more southerly of the two crosscuts that trend eastward from the
shaft bed entered the porphyry for a distance of 300 feet.

Though the rock exposed is cut by veinlets of quartz and is thoroughly pyritized, the
presence of chalcocite was first noted about 180 feet from the contact and just beyond a strong,
nearly vertical fracture which apparently strikes toward the north-northeast. The body of
enriched material, which is here about 100 feet wide, is limited toward the southeast by
porphyry, which, as exposed in two places, is seen to be almost free from sulphide minerals.

At the timo the observations were made, upon which these notes are based, 16 holes had
been drilled for the purpose of exploring the porphyry ground in the vicinity of the Minnesota
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workings. Although five of these holes are situated within the area of the porphyry outcrop,
and eight others are believed to have penetrated the mass of intrusive rock at different depths,
materiil that carried sufficient copper to warrant its classification as ore was reported from only
four holes. Records of 10 of these 16 holes show that the materials penetrated are fully oxi-
dized to depths ranging from 200 to 450 feet, or down to an extremely irregular surface ranging
in elevation from 6,770 to 6,880 feet. The position of standing water, as noted in the records
of five holes, corresponds with elevations between 6,560 feet and 6,620 feet.

PHOENIX AND HAYES VEINS.

The Phoenix and Hayes veins carry complex ores mainly valuable for silver or for silver
and gold. The veins belong to the general type of cross-breaking replacement veins, but parts
of the lodestuff may have been deposited in open spaces. Associated with the Phoenix vein
there are bodies of ore that conform with the stratification of the limestone country rock.

The Phoenix is a nearly vertical vein which strikes nearly east and west and which may
be traced at the surface for a distance of perhaps 150 feet. The following description is quoted
from Lawson: !

On the Phoenix claim a considerable amount of dév{alopment work has been done and the character of the deposits
can to some extent be observed. The ores are for the most part distributed along the planes of bedding in the limestone.
The latter is inclined at low angles (18° to the northeast) and mineralization has occurred at different stratigraphic
horizons one above another. These successive sheets of ore are connected with one another by a vertical, mineral-filled
fissure, and the tabular deposits so connected seem to pinch out at no great distance from the vertical vein. The tabu-
lar deposits near the vertical vein vary from 1 to 3 or 4 feet in thickness and the vertical vein was at one place observed
to be 2 feet wide; but both in the vertical vein and the tabular deposits parallel to the strata the thickness varies rapidly.
The occurrence of the ores in the deposits is also, so far as could be observed, far from uniform. The prevailing color-
of the ore in the mass is light ocherous yellow and iron minerals appear never to have been abundantly represented in
the deposits. The chief gangue is silica, which appears to be a replacement of the limestone, and the croppings on the
surface resemble closely the quartz blout of the neighboring porphyry. Some of the limestone'immediately adjacent
to the deposits is of a dead-white chalky character and is somewhat slickensided; it resembles massive kaolin but effer-
vesces freely with acid. The siliceous vein matter carries galena, a sample of which was found to contain 22.4 ounces
of silver to the ton and $1.49 in gold. Besides the galena there are azurite, malachite, and chrysocolla in sparing
quantities, a little cerusite, and considerable calamine. With the quartz of the gangue there are also chalcedony, opal,
fluorspar, and calcite. There are also some dendritic films of manganese oxide.

While in general the chief feature of the mineralization has been silicification there is abundant evidence of minor
fracturing and crustification and much of this has occurred after the chief deposition of silica.

The Hayes vein strikes nearly east and west and dips steeply toward the south. The vein,
which has a width of 2 to 8 feet, may be traced at the surface for nearly 150 feet, and the old
workings are said to have had a horizontal extent of not less than 300 feet. The depth of the
inclined shaft is supposed to be about 300 feet. The value of the ore in gold and silver is said
to have been from $20 to $150 per ton,? and it contained lead, copper, iron, arsenic, and anti-
mony. Though most of the veinstuff on the old dumps is cellular jasperoid, some white quartz
and some fluorite were noted. .

In 1873 the county assessor reported an output from this mine of 145 tons of ore valued at

$22 a ton. :
HIDDEN TREASURE GROTUP.

The property of the Ely-Hidden Treasure Consolidated Mining Co. is situated north and
east of the Ruth group, near the upper end of Lane Valley. The area of the group, which is
about 65 acres, includes the Bedlam and Mineral City claims, two of the oldest mining locations
in the district. Other old locations in the immediate vicinity are the Eureka and-Cummings.
Small amounts of ore, mainly valuable for silver and lead, were produced between 1870 and
1885. During 1909 and 1910 there was an output of about 800 tons of ore, which is said to
have averaged 23 per cent lead and to have contained about 6.5 ounces of silver to the ton.

The claims of the group, which extend about three-fourths of a mile westward from the
mouth of Red Gulch, cover part of the northerly side of the extensive porphyry mass of Kimbley

1 Lawson, A. C., The copper deposits of the Robinson mining district, Nev.: California Univ. Dept. Geology Bull., vol. 4, p. 352, 1906.
2 Raymond, R. W., Statistics of mines and mining in the States and Territories west of the Rocky Mountains for 1872, pp. 169, 171, 1873.
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Hill and the whole width of a smaller body of the intrusive rock that lies to the north. (See
PL. X.) From the nature of the weathered material at the surface it is apparent that thé rock
of the larger porphyry mass was generally affected by metamorphism and that beneath the
oxidized capping the altered porphyry carries disseminated sulphides. Although there are
approximately 5 acres of this rock on the Ontario claim, it is not probable that this ground con-
tains any commercially valuable body of enriched pmphyry, for the results of plospect;mg on
the near-by claims of the Ruth group have not been encouragmg

The rock of the more northerly porphyry intrusive is essentially unmet,a.morphosed where
it has been exposed on the Point and Dixie claims, but materials from a shaft situated near the
north side of the porphyry area on the Hidden Treasure claim show considerable alteration, and
all the rock from a shaft situated near the south side line of this claim has been very completely
metamorphosed and thoroughly charged with pyrite. Some of the rock from the more north-
erly of the two shafts just mentioned contains galena and fluorite, and these minerals occur also
in narrow veins which cut the altered rock.

Within the Hidden Treasure area the massive beds of the Ely limestone are but slightly
folded and dips are nearly flat or inclined 10°-30° SE. These limestones have not been gen-
erally affected by intense metamorphism, though heavy bodies of jasperoid occur within a zone
about 100 feet wide adjacent to the larger porphyry mass, and there are minor occurrences of
the same material from place to place along the north wall of the smaller intrusion.

The ores that have been mined from the Hidden Treasure ground have been mainly those
carrying lead and silver, but some gold has also been produced. The deposits include veinlike
replacements along vertlcal or steeply inclined fractures that cross the beds of the Ely limestone,
and bed deposits that follow the stratification. Most of the veins trend slightly north of west.
Some of the bed deposits are connected with well-defined veins, but others are not obviously
related to cross fractures.

Only the weathered parts of the lodes have been mined. Though the ores are for the most
part in a wholly oxidized condition, cores of primary sulphides are commonly found. TLead
occurs mainly as cerusite, though locally anglesite and sulphate minerals containing iron and
lead are abundant. Where zinc is present it occurs mainly as the carbonate smithsonite.
Copper occurs in the form of carbonate minerals, but in most of the ores is present in but small
amounts. Fluorite is a rather common gangue mineral.

The ratio of silver to gold in these ores is known to range from 8:1 to about 200:1. Assay
records at hand show lead 5 to 20 per cent; iron 15 to 30 per cent; silica 12 to 20 per cent;
silver 3 to 20 ounces, and gold 0.04 to 0.4 ounces to the ton.

Though no systematic study of these deposﬂ;s was attempted, it appears f10m the old work-
ings that the ores occur within the lodes in the form of shoots. -Some of the ore bodies were
from 3 to 4 feet wide, and it is reported that several of them were stoped out for distances as great

as 100 feet.
WITCH GROUP.

The lands of the Ely-Witch Copper Co. comprise an area of about 54 acres that lies east
of the Kimbley, Spion Kop, and Turkoy claims of the Ruth group and is flanked on the north,
east, and west by claims of the Jupiter and Wedge groups. The company was organized and
the property was acquired in 1906. Development work was in progress during 1907, but,
though some work appears to have been done in 1908, the mine was idle in 1909 and Operatlons
had not been resumed at the beginning of 1914.

The geologic features of the ground are similar to those of the Ruth and Jupiter-Wedge
groups.

Mineralized porphyry occupies the west half of the Witch claim (see Pl. X), but as churn-
drill explorations carried on by the Nevada Consolidated Co. within the same intrusive mass,
only a short distance to the west, failed to reveal commercial ore bodies, this ground can hardly
be regarded as of any great prospective value.

East of the large porphyry intrusion there are few exposures of rock in place, but the
siliceous and rusty nature of the surface débris indicates that here the limestones have been
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very generally and very intensely altered. The 300-foot shaft situated on the Witch Gore
claim appears to have penetrated materials that were in a fully oxidized condition, but some of
the lateral workings found rock heavily charged with sulphides, and material seen on the mine
dump in 1910 1ncluded several tons of ore composed of granular magnetite, pyrlte chalcopy-

rite, and chalcocite.
JUPITER-WEDGE GROTUP.

The property here called the Jupiter-Wedge group, which adjoins the Hidden Treasure,
Witch, and Ruth groups on the west, comprises 22 claims and fractions which have an aggre-
gate area of perhaps 260 acres. The property was brought together by the Cumberland-Ely
Copper Co. in 1905, and though rather extensive explorations were carried on during the two
years following, practically no development work has been done since 1908. In 1910 these
lands, together with the Puritan and Veteran groups, came under the ownership of the Nevada
Consolidated Copper Co.

The rocks of this group of claims comprise porphyry, limestone, and shale. In the main
they are thoroughly metamorphosed, and from the prevalence of iron-stained material at the
surface it is evident that where altered they carry much pyrite deeply stained by brown
iron oxide. The principal alteration product of the Ely limestone is pyritic jasperoid, though
bleached or marbleized limestone outcrops in a few places, and underground workings on the J upi-
ter, Cumberland No. 2, and Ada claims have disclosed the occurrence of garnet rock that carries
abundant pyrite, usua.lly more or less chalcopyrite, and here and there some magnetite. To a
very large extent, the jasperoid masses occur in the form of upright ledges that present sharp
walls against limestone, and several of these ledges are traceable for distances of several hun-
dred feet. Asrepresented on Plate X the distribution of the jasperoid has been very much
generalized. The compact area between the Jupiter and Rosa Lee claims on the south and
the Racine and Sumpter on the north has been shown as occupied by this material, because
although outcrops are absent the surface débris consists. almost entirely of rusty jasperoid
fragments. :

Copper carbonate ores are said to have been mined from old workings on the Cumberland
Cumberland No. 2, and Jupiter claims, but extensive explorations from a shaft known as the
Jupiter shaft, situa,ted on the Cumberland No. 2, are reported to have been almost entirely in
materials that carried only unweathered sulphides. Though rock that contained considerable
chalcopyrite was found, it appears that no commerical ore bodies were discovered. The results
of several hundred feet of explorations from the Ada shaft appear to have been likewise un-
promising, though here, too, much of the altered limestone carries irregularly distributed chal-
copyrite.

The shales of the Chainman formation, which occupy the east central claims of the group,
are everywhere thoroughly baked and charged with sulphides. As outcrops are few the indi-
cated position of the boundary between the shale and the overlying Ely limestone (see Pl. X)
is undoubtedly subject to correction in many places.

The porphyry intrusions that have been noted within the limits of this property occur in
the northern or Wedge section of the group. In addition to the masses which cover several
acres on the Wedge, Rex, Racine, Riordan, Missing Link, and Nellie Harmon claims, three or
four smaller bodies have been noted in the same general locality and it is probable that other
minor intrusions have escaped observation. South of Lane Valley, so far as excavations have
been made in the porphyry, the rock appears to have been generally metamorphosed and charged
with pyrite, and explorations by means of shafts which penetrate the two large intrusions have
shown that, locally at least, it carries chalcopyrite and has been enriched as the result of chal-
cocite deposition. Development work on the Missing Link and Nellie Harmon claims is said
to have disclosed no compact body of chalcocite porphyry, but on the Wedge claim several thou-
sand tons of porphyry ore, which carries more than 2 per cent copper, were developed in 1907.
North of Lane Valley, the porphyry on the Rex claim has been but slightly metamorphosed,
so that here there is no reason for expecting the occurrence of disseminated chalcocite.
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QUEEN OF THE WEST GROUP.

The Queen of the West property of the Federal-Ely Copper Co. comprises three fractional
claims which lie between the Wedge and Smokey groups.

In 1910 the principal development work consisted of a shaft 110 feet deep on the Queen
of the West claim, from which a small amount of lateral work had been done.

The rocks at the surface are porphyry and metamorphosed shale, both of which at com-
paratively shallow depths are generally charged with pyrite. Though secondary chalcocite was
noted in some of the mineralized porphyry from the mine workings, the conclusion seemed to be
warranted that no extensive body of enriched material had been enoountered. From the posi-
tion of the shaft it is thought that the workings penetrated only the porphyry mass which
entered the olaim from the west, and that the larger body of this rock, which occupies an area of
several acres on the southeast corner of the Queen ‘and in the southern part of the Harmon -
claim, has not been explored at all. :

SMOKEY GROUP.

The lands of the Smokey Development Co., which were formerly owned by the Turner-Ely
Copper Co. and the Williams-Ely Coppe1 Co., are sutuated on the south side of Lane Valley about
2 miles west of Ely. The group comprises 12 claims and fractions and has an area of about 175
acres.

The claims of the group extend from the tracks of the Nevada Northern Railway toward
the south for a distance of about 4,000 feet. On the north the Ralston claim lies entirely within
the flat of Lane Valley, and though its surface is completely hidden by the loose material which
floors this valley, shale was encountered in a drill hole situated about 200 feet north of the com-
mon side line of the Smokey and Ralston claims. South of this shale an area of 55 acres or more
is occupied by mineralized porphyry, which is part of a mass that extends westward upon the
Queen of the West claim, and eastward upon the Chainman group. (See Pl. XV.) During 1912
this porphyry mass was prospected by means of churn drills, and seven holes were put down.
The records of these holes showed that the porphyry is generally pyritized and in places has
been enriched by the deposition of chalcocite. A tunnel driven across this eastward-trending
mass of porphyry in 1913 traversed 300 feet of ferruginous weathered porphyry, then 250 feet -
of chalcocite-bearing rock, and beyond this, to a point 1,200 feet from the portal, heavily pyri-
tized but unenriched porphyry that contained numerous seams of calcite. Immediately south
of the mineralized porphyry material which appears' to have been originally shale is heavily
charged with pyrite, and a sample of material from a point 45 feet south of the porphyry wall is
* composed of dense pyritic hornstone probably derived from shale.

The preceding notes are based on data and specimens furnished to the writer in July, 1913,
by Mr. S. H. Williams, the president and general manager of the Smokey Development Co.
In volume 11 of the Copper Handbook it is reported that the tunnel had been extended during
the year 1913 to a total length of 1,700 feet, and that ore which carried 10 per cent copper had
been discovered in the metamorphosed sediments south of the porphyry intrusion,

A study of the surface shows that the porphyry mass is bordered by Chainman shale both
on the Triangle and Rob Roy claims and to the west on the Saxton claim, and though shale
outcrops were not observed on the Los Angeles claim it is believed that there is here a strip of
this formation perhaps 200 feet wide between the porphyry and the limestones that appear
toward the south. From the distribution of the shale and of the limestone in this vicinity, it
seems that the strata must dip very gently toward the south.

Rusty siliceous materials which occur along or near the parting between the shale and the
overlying Ely limestone on the Rob Roy claim were formerly worked, it is said, as a source of
gold, and there is an outcrop of copper-bearing material about 200 feet northeast of the south-
west line of the Los Angeles claim, where the northernmost exposures of limestone occur.

On the Saxton and Los Angeles claims the limestones have been irregularly marbleized and
there are outcrops of jasperoid at several places. Toward the south the general metamorphism
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becomes less and less noteworthy, but bunches of jasperoid occur, and on the Ida and Chief of the
Hill claims there are veinlike bodies of jaspery lead ore.

On the Rob Roy and Smokey claims there are several strong springs, the highest one of
which emerges near the contact of the shale and the porphyry at a point nearly 200 feet above the

level of Lane Valley.
RABBIT MINE.

~ The property known as the Rabbit mine comprises the Rabbit and Alpha claims, which
adjoin the Smokey group on the south. In this vicinity the Ely limestone shows no general
metamorphism, but small deposits of lead ore which carries silver and gold have been prospected
in several places. '

At the Rabbit mine the limestone beds strike about N. 30° W. and dip at a low angle toward
the southwest. The ore consists mainly of a mixture of lead carbonate and limonite, though in
some of it galena and pyrite are present. The occurrence is in the form of an irregular bed
deposit, apparently from 2 to 12 inches thick, which follows the parting between calcareous shales
and an overlying stratum of massive limestone. Jasperoid, though present locally, is not a
prominent feature of the deposit.

~ This ore horizon has been explored by means of a tunnel which trends southeast across the
Rabbit claim and extends about 200 feet on the Alpha claim. Several lots of ore shipped in
1902 to 1904 are reported to have given average returns of about 0.8 ounce gold and 20 ounces
silver to the ton and 50 per cent lead. :

In addition to the workings noted above there are tunnel workings, which amount to about
800 feet, at a level about 100 feet lower, and the tow levels are connected by a winze.

CHAINMAN GROTUP.
LOCATION AND HISTORY. ‘

The Chainman group of 12 claims and fractions is situated in the eastern part of the district
somewhat more than a mile west of the town of Ely. The greater part of the area lies south of
Lane Valley, but the Joana and Joana No. 2 claims extend part way across the valley, and the
Great Western claim covers a portion of the hillside to the north.

Six of the claims of this group were among the earliest mining locations in the distriot.
The first. production of ore appears to have been from the Aultman claim, which in 1873 was
owned by the Canton Mining Co. and had been developed by a tunnel 750 feet long and by 11
shafts from 30 to 250 feet deep. In 1884 ore that carried $40 to the ton is reported to have
been mined from shallow workings on the Joana claim.

In 1886 the Aultman mine was leased by W. N. MoGill and associates, who located the
adjacent Chainman claim and in 1889 organized the Ely Gold Mining & Milling Co. A stamp
mill was erected by this company at Ely in 1889. The mine appears to have been worked more
or less continuously until 1892. The total recorded production ! for the years 1887 to 1892
was 4,472 tons of ore, which yielded bullion valued at $30,989.

In 1896 the property, which seems to have been by this time extended to cover all the
claims now included in the group, was purchased under bond and lease by C. D. Lane, and
during 1897 mine pumps were installed, a 10-stamp mill and a cyaniding plant were erected at
the mine, and a hydroelectric power plant was built at Ely. Though a large sum of money was
expended, the results of the work were not satisfactory, and in 1898 the option was relinquished.

During 1899 the mine and mill were operated by the Ely Gold Mining & Milling Co., but in
the following year the property was sold to the Chainman Mining & Electric Co. In 1901-this
company built a new mill,* which was operated from May to November, 1902. In 1907 the
company was reorganized as the Chainman Consolidated Copper Co. and in the same year a new
shaft was opened to a depth of 300 feet. In 1913 the property was transferred to the Con.
solidated Copper Mines Co. i

1U. 8. Geol. Survey Mineral Resources, 1887 to 1892.
2 A wet-crushing cyanide plant at Ely, Nev.: Eng. and Min. Jour., vol. 72, pp. 753-755, 1901.
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According to Mr. W. N. McGill, of Ely, who has been in close touch with the Chainman
property for many years, the value of bullion produced between 1886 and 1902 amounted to
not more than $300,000.

LOCAL GEOLOGY.

The formations that occur within the area of the Chainman group include the Chainman
shale, the Joana limestone, the Pilot shale, the Nevada limestone, and a body of porphyry
which is the eastward extension of the intrusive mass that occurs on the Smokey group. (See
Pl. XV.)

The porphyry covers the greater part of the fractional Turkey claim, adjacent portions of
the Chainman and Chainman Gore, and the southwestern part of the Joana No. 2; but the east
end of the intrusion is hidden by the loose débris that forms the floor of Lane Valley. From
the nature of material that outcrops on the Turkey claim it is known that in this vicinity the
porphyry has been generally metamorphosed, but rock exposed in a road cutting near the
southern boundary of the porphyry area on the Chainman Gore was found to be only slightly
altered.

On the north side of the valley the shales of the Chainman formation are thoroughly altered
and generally charged with pyrite. Here on the Great Western claim there are outcrops of
greatly metamorphosed limestone, and though the stratigraphic identity of this rock is not
actually known it is believed to belong to the Joana limestone.

South of the valley on the V lode, Chainman, and Ely claims, the shales have been moderately
indurated, but they are not generally impregnated with pyrite, and the effects of metamorphism
become less and less pronounced to the southeast.

The Joana limestone appears at the surface on the Aultman, Joana, Southern Cross, and
Golden Fleece claims, and, as already noted, limestone exposed on the Great Western claim
is supposed to belong to the same formation. On the Joana and Aultman claims west of the
northeast-trending fault which is represented on Plates IT and XV the heavy limestone beds
have been affected by the most thorough metamorphism, being irregularly marbleized and
silicified and locally strongly mineralized. East of the fault the limestones are not generally
altered, but locally they carry bodies of jaspery material which have been prospected for gold.
The most persistent deposits of this sort occur along the parting between the limestone and the
overlying shale formation. The Pilot shale was penetrated in the Joana shaft, situated west of
the fault, and the formation appears at the surface east of the fault on the Southern Cross,
Aultman, and Joana claims. Immediately north of the Pilot shale area limestones that belong
to the Nevada formation occur in the eastern part of the Joana claim.

JOANA GOSSAN ORES.

The body of metamorphosed Joana limestone on the Joana and Aultman claims contains
large masses of limonitic gossan, which have been exposed by surface workings over the Joana
claim, by a shaft on the Aultman claim, and by a tunnel about 700 feet in length. These gossans
were doubtless derived from pyritic replacement bodies as the result of weathering.

No adequate conception can be gained in regard to the form or size of the replaced portions
of the limestone, but east and west along the valley wall excavations show a continuous body
of gossan for a distance of 400 feet, and in the Joana tunnel the width of the ground in which
limonite was found is more than 600 feet. From the poor exposures it appears that these
oxidized replacement deposits occur mainly in the lower part of the Joana limestone, which is
estimated to be about 200 feet thick in this part of the district.

The section in the Joana tunnel measured by pacing shows limonite 190 feet, marble 120
feet, imonite 40 feet, marble 20 feet, and limonite 55 feet to the Aultman shaft. At the -
shaft the course of the tunnel changes from southwest to southeast and the workings continue
in limonite for a distance of 270 feet. Beyond the limonite the tunnel passes through shale
of the Pilot formation, which belongs stratigraphically below the Joana limestone but which

has here been thrown up along the southwest side of a fault break that trends toward the
northwest.
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These gossan ores were used as flux in the smelting operations that were carried on during
the early years of mining activity in the district, and it is reported that some shoots of ore
. that carried gold to the value of $10 to $100 to the ton have been found. Systematic sampling
of the limonite bodies exposed in the Joana workings are reported to have shown from $1 to
$3 gold, the iron ranging from 20 to 50 per cent.

The boss of limestone which occurs north of Lane Valley on the Great Western claim
contains an irregular body of limonite that resenibles the oxidized material of the Joana locality
and like it carries some gold.

- CHAINMAN MINE,

The most extensive precious-metal deposits that have been developed in the Ely district
are those of the Chainman mine and of the adjacent property of the Ely-Revenue Copper Co.
No adequate description of these deposits can be given, but the studies that could be made in
abandoned workings, taken in connection with what is known of the general geologic features
of the locality, are sufficient to show that they are replacement deposits which folloW the strati-
fication of the sedimentary formations in which they occur.

The deposits were discovered early in the history of the district, and the first mining was
done near the west end of the Aultman claim. Here, as early as 1873 several shafts, said to
be from 30 to 130 feet deep, had penetrated shale and encountered gray and yellow si]jceous
ore that carried lead carbonate. After 1886 workings were extended toward the west and
south, and eventually the ore-bearing horizons were more or less extensively explored within
an area measuring 800 feet from east to west and about 500 feet from north to south. Although
the extent of the mineralized ground is probably considerably greater than would be indicated
by these figures, most of the ore that was mined came from an area of less than 3 acres, which
lies east and west of the common end line of the Aultman and Chainman claims. This ground
was partly developed by means of ‘an adit, known as the Aultman tunnel, and later by means
of an inclined shaft. A vertical shaft was sunk to a depth of 300 feet in 1907, but no systematic
mining has been done. In 1910 the position of standing water was estlmated to be about 100
feet below the adit level, or about 75 feet below the surface of Lane Valley.

The workings had been so long abandoned that no systematic study of the mine was at-
tempted, but from what was seen at accessible points it seems fairly clear that there are two
mineralized horizons, one at the top of the Joana limestone and the other 20 or 30 feet hlgher
in the Chainman shale

Viewed in a broad way, the stratified rocks in this general vicinity lie nearly flat, but in
the mine there is a noticeable dip to the west, and in detail the strata are warped or corru-
gated parallel with axes which plunge toward the west dip.

From a study of the mine map it appears that in the Chainman-Aultman workings the ore
stopes in the two ore depOS1ts were about equally extensive. Locally they appear to overlap,
but most of the mining in the copper bed was south of the point where the lower bed proved to
be most productive.

The ore bodies are said to have been in most places from 8 to 10 feet thick, though in the
Revenue shaft, the uppper deposit was formed in a siliceous stratum at least 20 feet thick. The
stopes of the mine are all above the level of standing water, and the ores are said to have been
almost entirely oxidized.

The better ores consist. of spongy siliceous material that is gray or yellow from the pres-
ence of lead carbonate or of lead-iron sulphate minerals. Such ores have doubtless been derived
from silicified limestone that carried distributed galena or galena and pyrite Locally, where
the lodestuff is highly ferruginous, which indicates abundant pyrite previous to oxidation, the
precious metals are said to be relatively low as a rule. From one large stope in the lower of
the two bed deposits the ore is said to have had a combined gold and silver value of $80 to
$90 to the ton. Other stopes furnished rock that carried $40, but the general run of the ore
appears to have been worth from $8 to $12. :
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On the north side and about 300 feet from the west end line of the Southern Cross claim, a
mass of siliceous material occurs in the Joana limestone near the parting between this forma- .
tion and the shales that outcrop to the south. At this place gold-silver ore has been mined
from the surface to a depth of about 30 feet, and combined values of about $8 to the ton are
reported. The workings are not extensive, so that the form of this siliceous mass can not be
made out, but its stratigraphic position appears to correspond with that of the lower ore bed in
the Chainman mine, and its occurrence may perhaps indicate that it would be worth while to
explore this horizon in the adjacent ground to the south and west.

On the surface the boundary between the Joana and Chainman formations is hidden by a
mantle of loose débris, but as the ore bodies found in the western part of the Aultman claim
seem not to outcrop, it is supposed that this boundary coincides locally with the trace of a fault
which courses northwest. The general position of the boundary can be made out, and its
trend is essentially that of a line joining points in the Joana and Aultman workings where the
existence of fault breaks may be noted. In the Joana tunnel the southerly block is uplifted,
whereas in the Aultman tunnel it is depressed, so that the break appears to be what has been
termed a scissors fault.

EXTENSION OF THE CHAINMAN DEPOSITS.

Although the history of the Chainman mine indicates that the aggregate expenditures
which have been made by different companies in the development and operation of the prop-
erty have exceeded the value of the bullion that has been produced, to the writer it appears
not at all improbable that in the future bed deposits like these may be profitably developed.

One of the ore beds has already been found south of the Chainman group of claims, on the
Ely-Revenue property, and tliere is no obvious reason why this deposit should not extend
into the Ely claim, which lies west of the Revenue and south of the Chainman claims. It
would seem that the same sort of selective metamorphism which is manifested in the deposition
of the two ore beds in the Chainman locality may very well have produced similar deposits
within the area north of Lane Valley, where baked and pyritized shales appear at the surface,
and perhaps also within the shale area which lies west of the Saxton claim. Although the thlck-
ness of the Chainman shale in this part of the district is not accurately known, it is believed
to be about 250 feet, and this would be the probable maximum depth at which shafts or bores
starting in shale Would reach the top of the Joana limestone.

The eastern of the two shale areas mentioned is regarded as more promising ground than
the western, first because it is nearer the Chainman locality, and second, because here the
deposits, if they exist, probably lie above the water table, and are likely to have been oxidized,
as are those of the Chainman mine. In this general vicinity the average dip of the formations
is supposed to be toward the south.

REVENUE GROTUP.

The property of the Ely-Revenue Copper Co. is situated south of the Chainman group.
It comprises nine claims and fractions and has an area of perhaps 140 acres.

These claims appear to have been segregated by the present company in 1907 and pros-
pecting was immediately started. A shaft was sunk on the Revenue claim to a depth of 215
feet, and lateral workings were opened to the extent of about 1,000 feet. In 1913 no further
development work had been done.

These lands are occupied by limestones and shales that belong to the Ely and Chainman
formations. The limestones cover the more southerly claims of the group and the shales
outcrop on the Revenue and Yellow Girl claims. Over the greater part of the area the rocks
have not been affected by general metamorphism, but on the Revenue claim the shales are some-
what indurated, as they are on the contiguous Ely, Chainman, and Southern Cross claims.

The Rcvenue shaft penetrated indurated shale to a depth of 165 feet, where a silicified
stratum was reached which appears to correspond with the upper ore bed of the near-by Chain-
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man mine. At the shaft this body of siliceous material is about 30 feet thick, and its base has
been explored by means of a drift, which extends for a distance of about 250 feet toward the
southwest and approaches within 200 feet of abandoned ore stopes in the southeast corner of the
Chainman claim. The material exposed in these workings is spongy silica essentially free from
limonite. Though it is known to carry gold and silver, information is not at hand in regard to
the distribution of ‘these metals or the average grade of the ore.

ELY NORTHERN GROUP.

The lands of the Ely Northern Copper Co., which comprise nine claims and fractions, have
a combined area of nearly 100 acres. The property lies north of the lower end of Lane Valley
contiguous to the Chainman group on the south and the McDonald-Ely group on the east. -

Some of the early smelting operations in the Ely district were based in part on ores derived
from claims now included within the Ely Northern group, but no mining has been done for
many years, and there has been no systematlc prospecting since the property was brought
together under the present organization in 1906. '

The area is occupied prlnClp&l]y by porphyry and by limestones that belong to the
Neovada formation, but on the extreme west there are shales which belong to the Chainman
formation.

On the Cloud claim of this group and on the neighboring claims to the west the shales have
been very thoroughly baked and are charged with pyrite. On the Justice and Cloud claims the
shale area is bounded on the east by an intrusive mass of porphyry, but farther north there is a
strong fault, which has a northeasterly trend, along which the shales come into contact with
the Nevada limestone. The displacement along this fault is probably more than 1,000 feet.
West of the boundary between the shales and the porphyry the shales have been thoroughly
baked and pyritized, but toward the north the intensity of the general metamorphism diminishes,
and beyond the Ohio claim these rocks are essentially unaltered. The advisability of deep
explorations within the area covered by the Chainman shale has been suggested on page 173.

The two porphyry masses that occur on the Cloud, Justice, Olathe, and Mitchell claims
are believed to be essentially stocklike intrusions. These masses have not suffered the same
thorough metamorphism that has affected all the porphyry bodies farther west along the
principal zone of intrusion, but the rock exhibits incipient stages of alteration and contains more
or less pyrite.

Within the limits of the Ely Northern group the normally dark-gray limestones have been
rather generally, though irregularly, bleached and to a greater or less extent they have been
rendered crystalline. In a few places garnet has been formed in the limestone next to or near
the porphyry masses and elsewhere in the group there are minor bodies of jasperoid along
the contacts.

North of the smaller and east of the larger porphyry mass rusty jasperoid occurs on the
Mitchell, Olathe, and Florence claims. Some of these occurrences are mere bunches; others are
more or less tabular masses and seem to conform to the original bedding of the limestone, and
still others are veinlike bodies that appear to cross the stratification. On the Mitchell claim there .
are two irregular jaspery veins which have northeast courses. One of these veins is traceable
for nearly 500 feet from a point near the center of the claim, and the other, in the northwestern
part of the claim, is continuous for about 200 feet. Shallow workings along these lodes show
maximum widths of 4 or 5 feet. All the veinstuff is rather ferruginous, and copper stains
are noted in a few places. A vein of similar appearance occurs east of the porphyry area on the
Olathe claim. Here the limestone beds dip toward the southwest, and as the vein courses

northeast it was evidently formed along a fissure transverse to the stratification. This vein
has a width of 1 to6 feet, and it may be traced throughout a distance of about 300 feet. Near
the northeast end of the line of outcrops copper ore has been mined from shallow workings.

On the Florence claim, about 500 feet southeast of the vein last mentioned, there is a strong
showing of rusty jasperoid and of limonite on the crest of a prominent i‘idge. From shallow
workings at this place considerable amounts of copper carbonate ores were produced many
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years ago. Inspection of the surface outcrops and of the old excavations suggests that the
original sulphide body was formed by the replacement of limestone at a place where two nearly
vertical fractures which have a northeast strike meet an eastward-trending fracture that dips
toward the north. The two parallel fractures which flank the ridge are about 90 feet apart,
and between them the principal segregation of lode matter occurred along the eastward-trending
fracture. The ore body appears to have been about 50 feet long and to have had a maximum
width of about 12 feet. The depth of the workings is about 35 feet. The eastward-striking
_vein is recognizable; though its width is diminished for a distance of about 150 feet west of the
old stope. Toward the north there is more or less jaspery material along the northeast frac-'
tures for a hundred feet or more, but these veins do not appear south of the ore body.

McDONALD-ELY GROTUP.

The property owned or controlled by the McDonald-Ely Copper Co. is situated in the eastern
part of the Ely district. It comprises 28 claims and fractions that have an aggregate area of
about 325 acres. ' _

. In November, 1898, gold ores from the Robust and St. Patrick claims were tested to deter-
mine whether they could be treated by the cyanide process,! and the results of this experimental
work having been regarded as satisfactory, a milling plant of 50 tons daily capacity was completed
in 1900 by the Ely Mining & Milling Co. In the meantime ? this company (which appears to
have been orgamzed in 1899 or in 1900) had added the Florlda, Dauntless, and Quadrant claims
to its previous holdings and had developed the Robust vein by means of a tunnel and shaft.?
The activities of the Fly Mining & Milling Co. were short lived and from the size of the pile of
tailings at the mill it is evident that only a few thousand tons of ore were treated.

In 1906 the group essentially as now constituted was acquired by the McDonald-Ely Copper
Co. and during 1907 and 1908 explorations were directed, though without success, to the discovery
of commercially valuable copper deposits. Development work was again under way in 1913,
and at the close of that year the workings on the property were reported* to comprise the
Robust shaft, 165 feet; the Golden Gate and Mill shafts, 405 feet and 250 feet, respectively;
three other shafts, from 65 to 80 feet, and a tunnel 415 feet.

The claims of the group cover the east end of the belt, which has been termed the principal
zone of intrusion of the district. Two large and several small bodies of porphyry occur within
the west two-thirds of the area and the Florida claim covers part of one of the two porphyry
masses that have been mentioned in describing the geology of the Ely Northern lands. Aside
from these intrusive rocks the only other formation represented in this general area is the
Nevada limestone. (See Pl. XV.)

Though the rusty nature of many outcrops mdlcates that some of the porphyry carries a
good deal of pyrite, it is evident, both from a study of the surface and from inspection of material
from deep workings, that in this vicinity the porphyry masses are by no means as thoroughly
imprevnated with metallic sulphides as are those which occur along the principal zone of intru-
sion westward from the vicinity of Lane.

In several places next to or near the porphyry masses the limestones have sﬂxcate and sul-
phide minerals developed in them or they are changed to sulphide-bearing jasperoid.

. Within a zone 3,000 feet or more in width from southwest to northeast the limestones
have been bleached and crystallized, and this zone of alteration extends toward the southeast
for a distance of fully half a mile beyond the large porphyry intrusions.

The metalliferous deposits which have been worked or prospected within the 11m1ts of this
group include those of copper, lead-silver, and gold.

Although some rich copper ore was discovered during the development of the Robust
gold vein in 1898, and though there are surface showings of copper carbonate minerals on sev-
eral of the claims, no extensive explorations for copper ore were made until 1907. During
this and the following year the Golden Gate shaft, situated on the Albion claim, was sunk to

1 Min. and Sci. Press, vol. 77, p. 534, 1898, 8 Idem, vol. 80, pp. 436 and 675, 1900.
8Idem, vol. 82, p. 42, 1901. 4+ Weed, W. H., The Copper Handbook, vol. 11, p. 570, 1914,

@
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a depth of 405 feet. According to Mr. A. J. McDonald,! under whose management this work

. was done, after penetrating 80 feet of porphyry the shaft entered white limestone in which
occurred bunches of copper ore that carried from 20 to 40 per cent copper and from $2 to
$4 gold to the ton. The shaft continued. in altered limestone to a depth of 230 feet, below
which the rock was porphyry to the bottom.

South of the Golden Gate shaft the porphyry is seen at the surface to be bordered by rusty
jasperoid, which outcrops as a prominent ledge from 10 to 50 feet wide. This ledge is trace-
able from a point near the west end of the Albion claim 600 feet eastward along the south wall
of the porphyry intrusion, and then 300 feet toward the northeast to a junction with a larger
body of limestone alteration products, which covers an area of several acres on the Albion and
‘Maceo claims. Prospect pits within this area have disclosed greatly weathered materials that
consist mainly of jasperoid, garnet, and limonite, but contain bunches of copper carbonates
at several points. All these materials are very ferruginous, so that beneath the weathered
capping the altered rocks must be thoroughly impregnated with sulphides. In 1910 no explor-
ations had been made beneath these extensive outcrops of mineralized limestone, but this ground
is reported to have been the object of development work undertaken in 1913.2

Small and irregular jaspery veins or bed deposits which occur at several points on the
Red Cross, Midday, Waverly, and Sentinel claims carry silver-bearing lead ore. The only
noteworthy development of a lode of this sort has been on the Sentinel claim. Here there is
a bed deposit, now thoroughly oxidized, which follows a parting between two beds of massive
limestone. The strata dip toward the south about 20°, and the intersection of this parting
with the ground surface may be followed for nearly 1,300 feet, as a curving line marked by
outcrops of limonite or of iron-stained jaspery material. The apex of the lode lies on a prom-
inent north-south ridge and the length along its strike appears to be about 700 feet. It has -
been explored by a slope about 300 feet long, which follows the dip. An adit about 100 feet
long connects with the bottom of this slope.

The lode matter is in part more or less siliceous spongy limonite and in part soft yellow

~sulphate ore, which carries lead and iron. The limonitic portions of the deposit are locally
as much-as 3 feet thick. The distribution of the lead ore appears to be very irregular, and
where present the ore layer as a rule has a thickness of only a few inches. No data are at hand
concerning the metallic content of the ore which has been mined

The gold ores produced by the Robust mine came from a vein which has been opened by
means of a shaft 165 feet deep and a connecting adit about 300 feet long. The workings on the

" vein extend nearly 800 feet from the shaft toward the northeast. This vein probably belongs

to the general class of replacement veins, but as only its oxidized portions have been explored
its original characteristics can not be satisfactorily recognized, and the possibility is open that
it was formed in part by the filling of an open fissure. Though jasperoid occurs from place
to place, the ore as a whole appears not to have been very siliceous, and the original vein matter
may have been composed largely of pyrite, perhaps in a gangue of calcite. The attitude of the
vein is nearly vertical, and it evidently crosses the bedding of the inclosing crystalline lime-
stones, which, though obscure, appears to strike northwest and to dip toward the southwest.

The width differs greatly from place to place but is said to have averaged about 5 feet in the
mine workings.

Evidence that the vein has served as a channel through which surface waters have passed
is seen not only in the complete oxidation of the original sulphides but also in the presence of
several open chambers. One of these caves is said to have been 200 feet long and more than
50 feet high. In caves that extend out into the bedding of the limestone the walls and roof
are coated with beautifully crystallized white aragonite.

CENTENNIAL GROUP.

The lands of the Centennial Development Copper Co. comprise five claims and fractions
which aggregate about 75 acres. The property is situated a short distance north of the town

1 Oral communication. 2 Weed, W. H., The Copper Handbook, vol. 11, p. 570, 1914.
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of Ely and between the McDonald-Ely and the Calumet-Ely groups. The present company
was incorporated in 1911 as the successor of the Ely-Centennial Copper Co.

Limestones of the Nevada formation are the only rocks within this area. Though not
stronvly or even generally altered, these limestones are locally bleached and in places exhibit
a minor degree of crystallinity or are somewhat silicified. The strata have a general northeast
strike and d1ps are at moderate angles toward the southeast.

The basis for the e\ploratlons which were made on this property during 1910, 1911, and
1912 is the occurrence at several places of irregular bodies of more or less jaspery gossan, some
of which carry copper carbonate minerals and in two of which shoots of chalcocite ore were
found near the surface. In a 2,000-foot tunnel, driven toward the north from a point on the
Jefferson Morfoot No. 1 claim, several streaks and bunches of sulphides were disclosed, and
it is reported that oxidized copper ores also occurred.! Lateral workings were opened to develop
some of the ore streaks, and a 200-foot winze was sunk.? During 1913 mining of small ore bodies

was being done by lessees. , .
CALUMET GROUP.

The lands of the Ely-Calumet Copper Co. are situated north of the town of Ely in the extreme
eastern part of the zone within which metalliferous deposits are known to occur. The 22
claims of the group occupy an area 8,600 feet long from north to south and from 1,200 to 2,000
feet wide from east to west.

Though not generally metamorphosed to any neteworthy degree, the limestones of the
Ely formation have locally lost their normal dark color, are greatly broken and fissured, and
have been penetrated by mineralizing waters, so that here and there they have been to a certain
extent silicified and in places metalliferous replacement deposits have been formed in them.

The area is traversed by a strong northward-striking fault, the existence of which is recog-
nized by the fact that the limestone beds to the east and to the west show very divergent strikes
and dips. On the east the general or average strike is toward the northwest and dips range
from 20° to 40° toward .the southwest, whereas on the west side of the fault the strikes are
generally toward the northeast and dips toward the southeast.

Throughout the Ely district it is generally difficult to indicate the actual position of faults
and throughout the greater part of its length the break here under consideration offers no
exception to this rule. In most places the rocks immediately adjacent to the fault are not
exposed, and though in its vicinity the limestones are much fissured, in general they are not
greatly brecciated. At two places, on the Alta and New Year claims, the position of the fault
is marked by narrow dikes of rhyolite, and on the Grand Deposit claim there is an obscure
outcrop of weathered porphyry only a few feet east of the place where the fault is supposed to
be located.

A short distance south of the porphyry exposure there are heavy outcrops of gossan, and
at this place considerable amounts of copper carbonate ore are said to have been mined from
old workings, which in 1910 were about 30 feet deep. From what can be seen at the surface .
the original or unoxidized deposit appears to have been formed by the replacement of the
limestone along a spur which diverges from the main fault toward the southwest. - The lode
matter may be traced for a distance of perhaps 150 feet in a southerly direction from the sup-
_posed junction.

Since 1910, when the foregoing notes were made, considerable work has been done in the
way of developmg the Grand Deposit and adjacent claims; shafts have been sunk on the Gladys
and Sunday claims, and several hundred feet of laterals have been opened. Both lead and
copper ores are said to have been disclosed in these workings.?

Copper ores have been nmined by lessees from shallow workings on several of the claims in
the northern part of the group, but none of these deposits appears worthy of extensive
development.

1 Min. World, vol. 33, p. 1119, 1910. ’
9 Min. and Sci. Press, vol. 103, p. 61, 1911. Weed, W. H., The Copper Handbook, vol. 11, p. 222, 1914.
3 Weed, W. H., The Copper Handbook, vol. 11, p. 346, 1914,
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OUTLYING CLAIMS OF THE CONSOLIDATED COPPERMINES CO.
HISTORY. _ i

When the original Coppermines Co. was organized in 1906 it took over the lands of the Ely
Mines Co., which in this report has been called the Coppermines group, and several scattered
claims, most of which were acquired from the Willard-Ely Copper Co. The Willard-Ely Co.
appears to have been the direct successor of the McKinley Mining & Smelting Co., organized in
1901, which in turn had succeeded the Canton Mining Co., which was active as early as 1871.
As a result of the merger eﬁ'ected in 1913 these propertles now belong to the Consolidated
Coppermines Co.

CARBONATE AND ELDORADO CLAIMS.

The Carbonate and Eldorado claims, which were among the earhest mining locations in the
district, are situated south of the Nevada Consolidated leerty pit. The locations appear to
have been based on the occurrence of irregular jaspery veins, which are presumed to have
carried lead as the principal metal. Although ores from the Carbonate claims are reported to
have contained silver and gold to the value of $100 to the ton. it is evident that neither of the
two properties was ever extensively worked.!

BADGER CLAIM.

The Badger claim is situated south of the Copper Flat pit of the Nevada Consolidated Co.
In the northern part of the claim the Ely linestone shows a moderate degree of crystallinity,
and immediately to the east and north there are evidences of more intense metamorphism in
the occurrence of prominent ledges of jasperoid and a few nests of garnet rock. .
Within the area of moderate rock alteration occurs a vein of silver-lead ore from 1 to 2 feet
wide. The vein strikes about N. 45° W. and dips about 65° NE. It may be traced by means
of local outcrops for a distance of nearly 500 feet, and it has been developed by underground
workings for perhaps half this distance. The depth of these workings is about 100 feet. Though
the greater part of the ore that has been produced is said to have been entirely oxidized, speci-
mens of galena were collected from the mine dump. Portions of the ore are red or yellow from
the presence of iron compounds, but other portions carry sufficient manganese to render them
almost black. Nine samples taken to represent ore exposed in the mine (in 1907) are
reported to have shown 14 to 39 per cent of lead, 1 to 4.5 ounces of silver to the ton, and a
small amount of gold. .
: CUMMINGS CLAIM.

The Cummings claim is- situated south of the upper end of Lane Valley. Though the
greater part of the area is covered by loose débris the distribution of porphyry in the vicinity
indicates that this rock occupies the south half of the claim. The only exposures of rock in
place are found in shallow prospects or mine workings along a steep bank on the east side of
Ruth Gulch. These workings have disclosed yellow and red earthy materials which evidently
have been derived from thoroughly metamorphosed limestone masses. The extent of the old
workings indicates that considerable mining was done, and, though no record of production
has been found, the claim bears the name of one of the early operators in the district and the
ores were probably worked as a source of gold.

YELLOWSTONE CLAIM.

The Yellowstone claim is situated east of the Cummmgs on the south side of Lane Valley.
‘Though several bodies of intrusive porphyry occur in this vicinity, the limestones where exposed
are very irregularly metamorphosed. In the central part of the Yellowstone claim the rock is
rather crystalline, but different layers exhibit different degrees of alteration, so that it is here

1 Raymond, R. W, Statistics of mmes énd mmmg in the States and Territories west of the Rocky Mountains for 1870, p. 158, 1872.
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possible to recognize that the stratification strikes somewhat north of east and dips toward the
northwest. The mineral lode which appears to have been the object of this location has been
explored only by shallow trenches. Itis a narrow and irregular deposit, apparently conformable
with the stratification of the limestone. The fully oxidized material seen at the surface is
reported to carry lead and silver. Most of it is black from the presence of manganese oxide.

SAXTON CLAIM.

The Saxton claim is situated south of Lane Valley and about 1,800 feet southwest of the
Yellowstone claim.

The north third of the claim is occupied by metamorphosed porphyry and shale, both of
which appear at the surface in a greatly weathered condition, and the remainder of the area
shows bleached and more or less marbleized limestone that carries irregular bodies of jasperoid.

In 1901 the development of this property was undertaken by the McKinley Mining &
Smelting Co., and more or less work was done during this and the following year. In 1903
the mine was examined by J. A. Snedaker, who states ! that the shaft was then 385 feet deep
and had lateral workings on the 120 foot level, 613 feet; 212 foot level, 290 feet; 300-foot level,
410 feet. The 120-foot and 212-foot levels were reported to have exposed oxidized material
that carried small amounts of copper, gold, and silver, and on the 212-foot level nuggets of copper
were found. A series of assays of material from the 300-foot level showed copper 1.68 per cent
and gold 0.06 ounce to the ton. Stringers of ore carrying from $40 to $140 in gold are said to
have been found and on the 300-foot level the occurrence of ore carrying 4.5 per cent copper and
gold to the value of $5 to the ton was reported.? The material on the mine dump includes
silicified and pyritized limestone and shale that is more or less thoroughly charged with pyrite.
Though chalcopyrite is present in some of the altered rock, on the whole it appears to be by no
means abundant.

ELIJAH CLAIM.

The Elijah claim is situated north of the upper end of Lane Valley and about 1,600 feet
north of the Yellowstone claim. The location was made in March, 1868, and in 1874 the mine
was credited with an output of 400 tons of ore, which yielded bullion valued at $17,500.

The area of the claim is occupied by limestone and by porphyry, which occurs in the form
of an apparently thick sill, the top of which conforms with the bedding of the limestone. The
. strata dip gently toward the southwest, and as the trend of the claim is east and west, parallel
with the general contour of the hill slope, the parting between the two sorts of rock rises toward
the east-northeast and runs diagonally across the claim. In thisimmediate vicinity the porphyry
has been metamorphosed to the extent of having calcite and epidote and a little pyrite devel-
oped in it, but the degree of alteration is comparatively slight. The limestones in the vicinity
are not generally altered, though along the immediate contact small amounts of garnet or
other silicate minerals are present. ~

In 1910 the mine was being worked by lessees, whose operations were based on ore said
to carry 20 to 30 per cent of lead, and an average of about 16 ounces silver and a maximum
of 0.5 ounce gold to the ton. Thelead occurs as galena or as the carbonate, and certain specimens
which were examined in detail contained small amounts of wulfenite, the molybdate of lead.
The gangue is mainly jasperoid, but in places fluorite is present in considerable amounts.

The outcrop of the deposit shows an interrupted vein, two sections of which may be traced
along a general eastward-trending course for 175 and 375 feet respectively. Between these sections,
for a distance of 400 feet, the vein is capped by a massive layer of limestone. In the mine
workings, which in 1910 were about 60 feet deep, the vein dips steeply toward the north. Just
beneath the cap rock a body of veinstuff projects into the stratification, so that a cross section
of the deposit resembles a long-stemmed mushroom having a thick archmg cap. The w1dth
of the nearly upright vein ranges from a few inches to 2 or even 3 feet.

_ 1 8nedaker, J. A., The McKinley Mining & Smelting Co., pamphlet, 16 pp., 1903. % Min. and Sci. Press, vol. 84, p. 142, 1903.
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In the eastern part of the mine ore has been stoped from irregular bed deposits which
occur both south and north of the vein. In most places there is a single ore layer, but locally
two layers, which had about 18 inches of limestone between them, were noted. These bed
deposits occur within a few feet of the top of the porphyry sill. The greatest thickness observed
was about 6 inches.

ISAACS CLAIM.

The Isaacs claim is situated on the north side of Lane Valley about 1,500 feet east and
south of the Elijah. Like the Elijah it is one of the oldest mining locations in the district.

The geology is very similar to that of the Elijah claim, the area being occupied principally
by limestones that border a porphyry intrusion which covers the hill slope to the south. The
porphyry mass connects with the sill, which is exposed toward the west, but-in this vicinity
the contact with the limestones appears to be nearly vertical. As is indicated on Plate XV
porphyry occurs on the southwest corner of the claim, but for the most part the northern bound-
ary of the porphyry area lies a short distance south of the south side line of the claim. The
attitude of the limestone beds is nearly horizontal.

The porphyry, though not well exposed, appears to be slightly metamorphosed, and within
a zone from 200 to 250 feet wide the limestones have been whitened and rendered crystalline.
In the western part of the claim there are two narrow jaspery veins, about 40 feet apart, which
may be traced for a distance of about 120 feet. Toward the east the ground is covered by loose
débris for about 900 feet, where a vein outcrops at a point about 180 feet west of the Isaacs
end line. Though perhaps not actually continuous, this vein may be traced to the east end of
the claim and for a distance of 150 feet or more beyond. In shallow workings, which are sup-
posed by the writer to be situated on the September claim, this vein §tands nearly vertical and
has a width of 2 to 3 feet. Silver-bearing lead ore has been mined from these workings, and
the same vein is said to have been worked on the Steele claim, which lies just to the east.

On the Millard claim, between the edge of the porphyry and the Isaacs south side line,
silver-lead ore has been mined from an irregular deposit, which, though the ore is now fully
oxidized, was doubtless formed by the replacement of limestone. The material is spongy
limonite gossan that carries lead carbonate and yellow lead-iron sulphates. Though the out-
crops do not suggest the presence of a definite or continuous vein, ore has been won from a series
of tortuous workings which extend from east to west for a distance of 100 feet or more. About
300 tons of ore mined by lessees in 1910 contained 5.5 to 10 per cent lead, 1 to 2.4 per cent zinc,
20 to 35 per cent iron, about 5 per cent manganese, and 5 to 19 ounces of silver and 0.03 to 0.07
ounce gold to the ton. ‘

COMMODORE CLAIM.

The Commodore claim, situated on the north side of the valley near Lane, deserves mention
because of the occurrence within its limits of a body of limonite that has the nature of a bed
deposit, and which is regarded as derived from a deposit of pyrite.

A knoll situated near the center of the claim is capped by horizontal limestone beds which
represent the base of the Ely limestone. Between these beds and the underlying shale there
is a layer of somewhat siliceous gossan about 6 feet thick. The gossan appears to have the same
extent as the limestone.

BLACKSTONE AND UNION CLAIMS.

The Blackstone and Union are old mining locations that adjoin the Great Western claim of
the Chainman group on the north.

The area of these claims is about equally divided between pyritized Chainman shale on the
south and strongly altered Ely limestone on the north. Old workings at points within the
limestone area show the presence of metal-bearing deposits, though in general very little that is
definite can be made out in regard to these occurrences. The Blackstone workings, which
appear to have been most extensive, are near the north end of the claim. Yellow earthy material
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collected at this locality proved, under qualitative chemical tests, to be free from lead or copper
but to contain sulphate and iron. This material is associated with gypsum.

The workings on the Union claim comprise an open pit, from which it is evident that several
hundred tons of cellular and crumbly yellow gossan were mined or quarried. This material is
said to have been used in some of the early smelting operations in the district. Though expo-
sures are very poor, this deposit appears to cover an area about 100 feet wide and 400 feet long,
and its longer axis trends northeast. ‘

MINNIE MINORA CLAIM.

The Minnie Minora claim is situated about 13 miles north of Ely. At this locality there
are shallow workings in an irregular body of white jasperoid, which is surrounded by essentially
unmetamorphosed limestones that belong to the Nevada formation. It is reported ! that in
the fall of 1873, about 75 tons of ore that contained gold to the average value of $80 to theton
had accumulated on the dump of this mine.

1 Min. and Sci. Press, vol. 27, p. 130, 1873.
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