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LETTER OF TRANSMITTAL.
•

SAN FRANCISCO, CAL., January 1, 1884.
SIR: I have the honor to transmit herewith a memoir on the Eureka
Mines by Mr. J. S. Curtis. I visited the more important mines with Mr.
Curtis at the· conclusion of his field work, and have ,carefully scrutinized.
the conclusions drawn from it. So far as I am able to judge, the observations are correct and the inferences from them sound.
Very respectfully, your obedient servant,

G. F. BECKER,
Geologist in charge, Pacific DitJiaiort.
Hon. J. W. POWELL,
Director U. S. Geological Survey.
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PREFACE.

The field work upon which the following report is based was begun in
July, 1881, and concluded late in 1882, the assays and many of the chemical examinations being made during the progress of the field work, as occa- .
sion required, in a temporary laboratory arranged for th~ purpose.
In 1879 Mr. George F. Becker made a preliminary examination of the
more important mines. My report was prepared under his supervision, and
I am indebted to him for much valuable advice and assistance. In 18~O
Mr. Arnold Hag'!le made a detailed survey. of the general geology of the
district, an abstract of the results of which appeared in the Third Annual
Report of the Director. Upon this abstract I have relied for the determination of the stratigraphy and the relations of the district at large to the
ore-bearing formations. I also had the advantage of spending some days
in observations on the surface geology with Mr. Hague in 1881. The surface geological map published with this report is taken from Mr. Hague's
atlas, which will be published with his memoir.
Mr. C. R. Brown was my assistant during a great portion of the time
occupied by the field work and rendered important services in collecting
specimens and in the laboratory. Mr. N. Wescoatt, formerly surveyor for the
Richmond company, gave me much information in regard to the workings
of the Richmond mine? furnishing maps upon which the drawings of that

xii
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assistance in his. power in visiting the mines in his charge.. Mr. Byce, foreman of the same mine, rendered me many facilities, as did also Mr. Stey8D8,
of the company's reduction works. Mr. E. N. Robinson, superintendent,
and Mr. John N. Williams, foreman, of the Albion, showed me every courtesy possible, and gave me free access to the mine. Mr. Kermeen, of the
Ruby-Dunderburg, gave me every attention.
To superintendents and mine-owners too numerous to mention I have
to return thanks for the universally courteous treatment that I received at
their hands.

J. S. C.
SAN FRANCISCO,

December 31, 1883.

,

BRIEF OUTLINE OF RESULTS.
FJpm the year 1_ up to the pre.ent time (1888) ElI1'8ka Dlatrlct baa produced about teO,OOO,OOO gold and aUver, and
about 225,000 tona of lI!IId. Owing to the fact that the deposita of thla dlatrlct have been more completely developed than
any other of a IImQar character on the Pactftc aIope, they oller very complete opportunities for the aclentlftc Inveatigation of
the p~ attending thiN 01.... of deposita. In several reap~cts they reaemble those of LeadvUle, Colorado.
The atructare of Prospect Mountain and Raby HIU, the principal mining looalltlea In the dlatrlct, la explained In
de&aIJ In Chaptera Ill. and IV. ofthla report. The Inveatil(ation here described h... reaalted In Rowing that the dominant
factor of the structure of Ruby HIU Is ... extenaive fault which baa determined the present relatlona of the formationa, the
aptitade of the groand for ore deposition, the Ingreaa of ore-bearing solatlons, and the ft.are system by which the ore
bodiea are OOIInected. The preeenoe of thla fault, which baa been called the Rnby Hill fault, Ia marked by a ftaanre ftlled
In placea with rhyolite.
The aedlmentary beds of the district are of the. Cam brian, SUurIan, Devonian, Carboniferons, and Quaternary period&.
Hitherto no deposlte of nino, with one oxceptiaD In the quartzite of the SIlurian, have been loand outeIde of tile llmeatonea
of the Cambrian and SilurIAn, aDd they have been mostly oonftnod to the llmeatones of the former age, though the deposition
of the ore took place without doubt In Tertiary or post. Tertiary timea. The Igneons rooks of the dlatrlct occurring near
the mines are granite, quartz'VOrphyry, hornblende- and auglte-andeeftea, rhyolite, and baaal~ Graulte-porphyry and dacite
occur, however, In thla n!Kion.
The ore above the water-le .. el I.. principally composed of the mluerala galena, augleelte, O8rnaAlte, mlmetite, and
wnlfenite, with very little quartz and calcite; the gaolEDe being for tile-moat part hydrated oxide of Iron. The ore alao
earriea OOIIalderable gold and allver, and zinc Ia preaent probably'" oarbonate and amoate. Below the water·level the ore
Ia chlefty COIDpoaed of pyrite, aneuopyrite, galena, hlende, and a few other aulphldes, aa well ... aUver IIDd gold.
Thfl ore deposita the_Ina are very Irregular In form, sometlmea resembling lodes, aometimea "stocke," aDd
sometimea bed... Ore bodies of IIDY aIz, are alwaya capped by cavee or In some way CODDected with auch open lugs In the
rook and with ftaauru. Thla connection of ore· bodies with ftll8llrea Ia unlveraalln the dlatrlct. The cavea were probably
formed aln08 the deposition of the ore, partly by tile action of water carryina: earbonlc acid, and partly by the "hrlnkage of
the ore canaed by decomposition. 81nce thla I...t action took place the ore baa In many IlUItancea beeD redlatribated by the
ftow of underground waten. The former pre.ence of th_ watent la Ihown by the atrattftcatlon of portions of t·he 019
bodies, and by tracea of aqneoua action exhibited by the aurroundlng limestone.
It la likely that the cooatitneota of the ore were derived from some m....ln rook by soladon, the solutions being
dae to tbe aolfatarlc action Incldont to the emption of large _ _ of rhyolite. They entered the limeatone from below
tbrongh ftll8llre&, aod the peater part, at least, of the ore ,... deposited by direct anbatitntion for that rock. The limeatone wu ftaaurod IIDd crnahed In many directlooa by the varlona faulting monmenta and l(ave free Ingreae to the orebearing solu&toDs, wllich foll""'" the ebIameIa of leut ~ and deposited the ore in _
of very Irrea:ular form.
The ......y8 of conotry rock ahow oonclnllively that the matertala for the ore could not have been derived from lIDy
of the aedlmentary formation.. The quarts-porphyry la the ooly Ipeoae rook of the dlatrlct In which lIDythlng bnt t _
of the preclowrmetala h... been found, IIDd although It doea not cover mach ground on the .arraoe It may be of much more
conalderable estent below. The reeulta obtained from Ita eumlnatlon point to It ... tbe aonrce of the ore In Ita neighborhood, at leaat. The graulte wblch probably uuderUee the formatlooa of Prospect Mountain IIDd Raby Hill may also have
been a aonrce of the ore, bnt if auch Ia the cMe tbe extraction of the heevy metala from It baa been very COIDplete, aa when
found 0". the anrface It contalnl acarcely a trace of anyer, gold, or lead.
The proceaa of determining the p_ce of an ore body by meau of euct _ya of the anrround!na: limestone baa
as yet led to DO practical appUcatJon, althougb the resulta obtained by thla method of proapectlng coincide In a remarkable
manner with the electrical experlmenta made by Dr. Barna with a Tlew to the lIIIIIIe object. The method. naed In _ying
are tolly explained In the ohapter on that .ubJec~
The cbancea of ftodlnr ore In the deeper worklnga of Rubl! Hill are oonllidered to be favorable, though the qaaUty
and aIze of ore bodIea cannot be predicted with certainty.
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GENERAL DESCRIPTION OF EUREKA DISTBIOT.
;

l ... .' lIn:

PO.ltlon.-Eureka Mining District is situated on the weste~ ~d~, of· .tPe
Diamond Range in the eastern part of the State of Nevada aqd ~OU~lpf the
Central Pacific Railroad. The town of Eureka, which forms,tqeb,,¢¥ess
center of this region, is about 90 miles south .of Palisade, a ,8~pn AIl the
above-mentioned railroad. Eureka is connected with Palisade; l>y fto.: parl'ow-gauge road. The town lies at an altitude of about 6,500 feet I~~ove
sea-level, in a catlon, which, following a northerly course, eIJ~ef8~Di~Il1ODd
Valley, Ruby Hill, distant about two miles west of Eureka" is ~~,IHl-,ing
center of the district. On the hill which gives its name to the tQ.~n ~r~.the
mines which, through their large production of lead, silver, a~4 gql~,,- ~ave
given Eureka District a world-wide notoriety. The Ruby Hill min~~ ~r~by
no means the only productive mines of the district, );Jut they are those whi~h
up to the present time have been most extensively worked and have a~Qrded
the best returns for invested capital. On account of the facilitie~ o«ered
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narrow ridges or spurs which join either the Prospect Mountain ridge on thewest or the main Diamond Range on the east. These spurs are separated
from each other by a main canon running from Diamond Valley on thenorth to Fish Lake Valley on the south. One of the principal of them, extending a little south of east from Prospect Peak, the central and highest
elevation of the Prospect Mountain ridge, divides the watershed of the east
side of that ridg-e so that the regions lying to the north and south of the·
crest or" the spur are drained respectitely by Diamond and Fish Creek Val-·
leys. At the' northem end of this canon, near its entrance into Diamond
Valley, is situated the town of Eureka. Silverado District lies a few miles.
east of the main canon, in the hills sOl1th of the divide, and Secret Canon
District on the southern portion of Prospect Mountain, and its spurs west
of the before-mentioned main canon. The mines which will be described in.
this memoir are confined to Eureka District, which includes the northerly
portion of Prospect Mountain and its spurs. Of these spurs Ruby Hill is.
the most important, and Adams Hill, though detachfild, is also to be regarded
as a member of the system.
PromiDeDt elevattoD ••-Prospect Mountain is a narrow and steep ridge, some·
seven miles in length, extending from Diamond Valley to Fish Creek Valley.
The mountain itself consists of an anticlinal fold which at its greatest elevation, Prospect Peak, is 9,600 feet above sea-level, and, with the exception.
of Diamond Peak, is the highest point in the neighborhood. From this·
point it descends gradually, forming in'egular and rugged peaks, and is lost.
in the valleys on the north and south. The width of the uplift varies from
a mile to a mile and a half, and is greatest in the neighborhood of PrOl~pect
Peak. The northern watershed is cut up by three long and deep canons,
Goodwin, New York, and the canon which connects with SeCl'et on the
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level, or about 700 feet above Spring Valley, which divides the Prospect
Mountain ridge from the next succeeding one on the west. Although thehill has a "rather steep ascent it is by no means as rugged as many parts of
the mountain of which it forms a spur.
Adams Hill is a low hill, about 6,950 feet above sea-level, and is situated about half a mile north of Ruby Hill, from which it is separated by
a narrow ravine leading into Spring Valley. It is somewhat lower than
Ruby Hill, arid presents no particular feature of topographical interest. It
may be regarded as the north end of the Prospect Mountain anticlinal, and
slopes off gradually toward Spring and Diamond Valleys.
Hoosac Mountain, somewhat noteworthy on account of a mine in the
quartzite, lies just north of the divide between Secret Canon and the main
cailon. Its altitude above sea-level is about 8,500 feet.
HI8tory.-Ore was first discovered in this district in 1864, in New York
Canon, near the present "76." mine, and a company was organized in New
York to work the mines, under the direction of Major McCoy, one of the
pioneers of this region. These discovery claims, although producing some
rich ore, were shortly abandoned, and the district remained uninhabited
until the latter part of 1868 or the beginning of 1869, at which time Major
McCoy recommenced mining operations on what is called Mineral Hill, an
elevation situated a short distance south of Ruby Hill. Subsequently, in
the same year, some men in his employ located the Champion and Buckeye
claims on the southwest side of Ruby Hill, and shortly afterwards the
Richmond and Tip-Top ground was taken up.
In Nevada in those days silver-bearing lead ores unless very rich were
considered of little value, and although the outcrops of these locations exposed large quantities of such ore, little interest was taken in them until,

.

"
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Still later the Tip-Top and Richmond claims were sold by Me68rs.
Dunn & English to a company in London, and smelting works were erected,
under the supervision of Mr. English, at the south end of the town. Tbe
Jackson and Phamix companies were also inoorporated in San Francisco
about this time, and the explorations, which have since resulted in the production of such large amounts of lead, silver, and gold from these properties, were begun in earnest. The Maryland and other mines in Silverado
. District, 16 miles southeast of Eureka, were being opened during this period
by an English company, and a large mill was being built at Pinto The
Page & Corwin and the Geddes & Bertrand mines in Secret Canon, south
of Eureka, had been producing rich ore since 1869, and a mill was also
built on the spot where the present leaching works stand. Secret Canon at
this time formed part of Eureka District, but has since been severed from it.
Mr. Robbins was also developing the Kentuck and Mountain Boy claims
in a range of mountains about fifteen miles w~st of Eureka.
It is not necessary to follow the history of Eureka through all the
vicissitudes which are incident to the growth of such towns, nor to describe
the different enterprises which have been undertaken and abandoned; suffice
it to say, that- in the course of twelve years this mining camp has been
twice partially washed away by floods, once ravaged by the small-pox, and
twice almost completely destroyed by fire, but remains to-day, after thirteen years of prosperity, one of the most productive mining towns on the
Pacific Slope.
The number of inhabitants of the district is at present in the neighborhood of 6,000, but, as in other mining camps, a close estimate is very difficult owing to the floating character of the population.
PrMuctIOD.-As nearly as ('.an be estimated the production of the precious
of 1882
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OHAPTER II.
SURFACE GEOLOGY.

Keolqy.-Mr. Arnold Hague has described the general geology of
this mining district, G as well as that of the wh01e region lying within a radiu~
of ten miles from Prospect Peak, and little more is therefore necessary here
than a reference to his results. The Cambrian, Silurian, Devonian, and
Carboniferous are all represented in the formations of this district, though
it is only in the rocks of the first two that metalliferous deposits of any
kind have been found, and excepting the Hoosac mine, in the Eureka
quartzite of the Silurian, it is only in the rocks of the Cambrian period that
deposits of any great value have been discovered.
Formation••-Mr. HaguQ distinguishes the following beds in the Cambrian,
beginning with the oldest: Prospect Mountain quartzite, Prospect Mountain
limestone, Secret Canon shale, Hamburg limestone, Hamburg shale. These
five formations have all been laid down conformably. The rocks of the
Silurian in the order of succession are Pogonip limestone, Eureka quartzite,
and Lone Mountain limestone. According to Mr. Hague, the first two of
these beds have been laid down conformably with the formations which
represent- the Cambrian, but there appears to be a non-conformity between
the Lone Mountain limestone and the overlying quartzite. The rocks of
the Devonh'm in this nei!:rh horhood are the White Pine shale and Nevada
General
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limestone on the slope north of Adams Hill, all the mines which will be
discussed in this report are found either in the Prospect Mountain or Hamburg limestones. No deposits whatever have been found in the Secret
Canon shale which separates these two beds, and although it is true that
pyrite, both as impregnations and in masses, as well as distinctly defined
veins of quartz accompanied by calcite, has been found in the Prospect
Mountain quartzite, the lowest of the sedimentary beds of the district, it
has had no economic value. These occurrences moreover do not seem to be
in any way connected with the deposits in limestone. As far as is known,
there is no ore in the Hamburg shale.
Quartnte.-The Prospect ~Iountain quartzite occurs on Prospect Peak,
and extends northerly, southerly, and weste}'ly from this point, covering an
area of about a square mile. It is also found in th~ shape of a horseshoe
at the northern end of Prospect Mountain, where it divides Ruby Hill, of
which it forms the lower western portion, from the main mountain. There
is a third small outcrop of this rock on the west slope of Prospect Mountain,
between the two above-mentioned localities. These three places are the
only ones where this quartzite is found in the district. On the surface it is
of a reddish color, which is no doubt due to the oxidation of pyrite, but at
a depth of a thousand feet, or at a point where oxidation has not set in, it
is of a grayish-white colC!r. It is brittle, particularly near the limestone,
where it is often possible to crush it in the hand. It breaks in sharp angular pieces, of which the faces of fracture have a somewhat vitreous appearance. Aboveground it is usually harder and more compact. It is evidently not even approximately pure silica, and is more or less associated
with clayey material.
Pro.pec:t Mountain IImeatone.-The Prospect Mountain limestone composes the ~

.

SURFAOE GEOLOGY.

7

-cation, and to the occurrence of several faults, an exact statement of its
mean dip iIJ impossible. This dip is, however, much less than it would at
first appear to be on an examination of its contact with the quartzite, 88
that has apparently been moved upwl\l'd along the plane of its contact with
the limestone, thereby crowding that rock outward. This is the case on the
northern portion of Prospect Mountain, as well as on Ruby Hill. On the
.8Ulface this limestone usually has a bluish-gray color. It weathers to a
chalky white, and is corrugated and roughened by the mechanical and
·chemical action of water. In texture it is granular-crystalline, and it is
frequently hard and tough. Undergrou~d it exhibits numerous varieties
·of habitus and color. It appears as calcite, coarse marble, hard white and
black limestone, and in the neighborhood of ore bodies is usually stained
from a light and dirty yellow to a deep reddish brown by oxides of iron.
{)onsiderable masses are often met with which have been crushed to a mere
powder, and in the neighborhood of ore bodies it is generally more or less
broken up. Numerous caves and vuggs occur in it, and it everywhere shows
the action of water. Breccias of different kinds of limestone, cemented to.gether by calcite, are quite common, and occurrences of that mineral and
-of aragonite are frequently met with in the openings in the rock. This
limestone is sometimes found distinctly stratified, and is then usually of a
dark bluish-gray color. It everywhere gives evidences of having been subjected to immense pressure. .
SecretCal1oa8baJe.-The Secret Canon shale overlies the Prospect Mountain
limestone, and forms a narrow belt which follows the course of the ridge of
Prospect Mountain, and, like the above-mentioned limestone, bends round
to the west on reaching :Ruby Hill. This shale is of a dull bluish color,
-except where exposed to the atmosphere it has weathered to a dirty yellow,
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RubyJDunderburg mine, which is in the Hamburg limestone, might be mistaken' !~tf that, of Prospect Mountain. It is only through its connection
with~'11i~fwell-established belt of Hamburg limestone that its relative age
can' b~fdecided~ It is hard to say what the properties of the limestone ill
the Htmiburg mine are which make it easy to recognize the difference betWe6ft it and, the Prospect Mountain limestone, but they are characteristic
enoligh1tomnder it evident even to the casual observer that it is a different
limestOne.. 1 It bl·eaks with a sharper fracture, which is probably due to the
larg~r'quantity of silica that it contains; and one or two varieties resemble
qnanzitd in 'texture. The Ham~urg shale differs in no essential respects
from thtf'SeCret Canon shale.
. "'~oDi~.u,w'toD.,-The Pogonip li~estone forms a nearly continuous belt
on' the eafJtem slope of Prospect Mountain, and on the north and east sides
of ;AdaiIisjBm where that elevation merges in the valley. In this limesto-ne ·th~·firsl discoveries in the district were made in New York Canon. In
it- ai'elii\l~ij 18ituated the Bullwhacker, Williamsburg, and other mines. In
colc:h·ltlti8f !nfhestone does not differ much from the two limestones before descri~;JexclJpt' that it is of a brownish tinge, but it is softer, shows fewer
sighs of 'hi~t8.morphic action, and is almost eVQrYwhere distinctly stratified.
(*ui.bl~"r&i •.---The Eureka quartzite composes Hoosac Peak and the entire lea8~ 'half of the mountain of that name. It also occurs as a nalTOW
band on the west side of N ew York Canon and east of the main canon
where/lit ~nters Fish Creek Valley. Its color is white, reddish, or bluish,
and.::it 1s;;ve~ hard and compact. In texture it is granular, and it is rarely
foudd ,~t1rittified. . It is apparently nearly pure silica.
'M."~~k~."""'The only massive rocks which make their appearance in
the metarntelOus zone which is occupied by Prospect Mountain and its off-
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surface. What its underground character may be is not known, 88 there
have been no explorations made in. it.
Q~oporpIlYl7.-Quartz-porphyry appears in two places north of Adams
Hill. Mr. Hague assigns no definite age to this rock, but states that it is
post-Cambrian. From the manner of its occurrence in the Bullwhacker
mine it would appear to be of earlier origin than the ore. This rock has a
reddish color on the surface and a granular texture. Where exposed underground it is white, shows considerable quartz, and contains cubes of pyrite.
Neither variety is hard.
Rbyollte.-Rhyolite is abundant in the neighborhood of the mines as well as
in immediate proximity to the ore. In so~e portions of the district it covers
large areas, but in the mines it is only found in the form of dikes, which, so
far as is known, have never exceeded 20 feet in width. There are particularly large outbursts of this rock at Purple Mountain neal' Ruby Hill and
at Pinto Peak. It is of a nearly white color, sometimes with a pinkish
tinge, and of various degrees of hardness.
HOnlblencle-ancl.lte.-Hornblende-andesite occurs near Hoosac Mountain,
where it covers a considerable territory. It is of a crystalline texture, dark
color, and is considerably weathered. The last two rocks are assigned by
Mr. Hague to the Tertiary age.
Peculiar formatioD In tbe PbCllnh. mlne.-In the Phrenix mine there is an occUlTence
of a peculiar rock, the exact nature of which has not been determined.
The position which it occupies can be seen on referring to vertical section
No.3, Plate V. As far as known it lies wholly in the quartzite. It is
usually of a black color and contains large quantities of magnetite and
pyrite. It is everywh~re penetrated by small seams of calcite, and some
specimens are composed almost entirely of that mineral and clay, which
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which it occurs would indicate that it was an intruded mass of igneous rock,
·and this theory is in a measure sustained by the fact that specimens closely
resembling rhyolite have been found in the mass. Other specimens ~e composen almost entirely of calcium carbonate and have unquestionably the
strncture of limestone. In the upper levels of the mine this rock is so much
.decomposed and mixed with quartzite that its boundaries are not distinct.
It is very possible that it was originally an intercalated bed of limestone and
·has been metamorphosed by an intruded mass of rhyolite and the attending
·solfataric action.

CHAPTER III.
THE STRUCTURE OF PROSPECT MOUNTAIN.

UPbea"aJ.-Prospect Mountain and its adjacent spurs form an anti·elinal fold of which the axial plane is usually somewhat west of the crest of
the principal ridge. The course of this plane is nearly due north and south,
-except at Ruby Hill, where it turns toward the west. At those places on
the western side of the mountain where the strata have been laid bare by
mining explorations, the traces of bedding are so rare that it is impossible
to form an accurate idea of the prevailing angle of dip.
When the alternating beds of shale and limestone, which at present
form the mountain, were folded and uplifted an enormous crushing and
.grinding force was exerted upon the different members of the series. Those
rocks, such as the shales, which were flexible and would give, stood the
test of this great pressure with the least injury to their physical structure,
.and, although they were much disturbed and flattened. out, retained their
-original character. With the limestones it was otherwise. Their hard and
·compact nature and their tendency to break instead of bend when subjected
to great pressure caused the formation of numerous :fissures and faults.
Most of these fissures were formed parallel to the axis of fold, though many
faults also occurred ill every direction. As this1.1plifting and crushiug conManner of
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ther disturbing effect upon the structure of the country. There are no
large outbursts of this rock on Prospect Mountain itself, but it appears B8
dikes in several places, and large masses of it, and hornblende-andesite, occur
in the immediate neighborhood. Many fissures and faults have unquestionably been caused by the eruption of rhyolite, and as it is among the latest
disturbing agents which have entered into the formation of the country,
it is worthy of attention. It is also extremely probable that the eruption
of rhyolite and the solfataric action consequent upon it had an intimate
connection with, if they did not actually cause, the deposition of the ore.
Although the evidence found in the mines that the rhyolite preceded the
deposition of ore is not absolutely conclusive, it is strong enough to make
tbis order of succession almost certain. Where found in the mines the rhyolite is very much decomposed, being in places wholly changed to clay, but
still retaining enough of its original characteristics to permit of its determination with certainty. At a distance from the ore bodies this rock, although
somewhat weathered, is much fresher.
Relatlona or the Kranlte to the other rormatlona.-It is not likely that the ~nite of
Mineral Hill, which is the only known occurrence of granite in the district,
broke through the quartzite and limestone, but that it originally formed a
submarine hill in the bed of the ocean upon which the quartzite, limestone,
etc., were laid down, and that its exposure in its present position is due to
erosion. Quartzite containing bowlders of a rock which was probably granite has been taken from the bottom of the Richmond shaft, which has
attained a depth of 1,230 feet, and is the deepest in the district. These
bowlders consist of granular quartz, mica, and a substance that appears to
be decomposed feldspar. It has not been possible to determine the nature
of this rock with certainty, but it is very probable that it is an altered
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feet it intersects the Hamburg shale, which in this part of the mountain
dips west instead' of east, as it should if it followed its normal pitch. At a
depth of 800 feet it still dips west, and at an angle much less than it did
above, showing that this irregularity, which may be only local however, is
more oonsiderable than was to be expected from the nature of the ground,
for the reason that the Secret Canon shale which underlies the Hamburg
limestone dips to the east, and if the Hamburg shale should continue its
present pitch for some distance further it would come in contact with the
Secret Canon shale and shut out the Hamburg limestone altogether. There
is a strong rhyolite dike which cuts througH the limestone and shale, pitching to the east, and it is very probable that it is not only connected with
the distortion of the stra.ta, but also with the formation of the ore d~posits
in this mine. Dikes of rhyolite, such as occur in the Ruby-Dunderburg
mine, will no doubt be found to exist in many places as mining explorations
lay bare the underground formations. As they are rarely but a few feet
wide, they may easily lie concealed in the surface debris in those places
where there has not been a large overHow of the lava. .
Section or Proepect lIoun~ throulh Eureka Tunnel.-The underground workings of
Prospect Mountain and its. spurs, although they have now reached a con·
siderable extent, give by no means a perfect idea of the internal structure
of that region, as they expose but a relatively small portion of its rocks.
On the east side exposures have been made by the Eureka Tunnel, which
has been driven from a point near the head of the west branch of Goodwin
Cation in a nearly dne west direction into Prospect Mountain. It is now
over 2,000 feet in length, and has passed several hundred feet beyond the
ridge of that mountain, below which it attains a depth of about 800 feet.
The following are the different formations encountered, in the order of their
•
Tn"n ..." of
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985 feet mineral limestone (Prospect Mountain limestone).
80 feet shales (Prospect Mountain limestone).
51 feet mineral limestone' (Prospect Mountain limestone).
460 feet shale (Prospect Mountain limestone).
90 feet stratified limestone (Prospect Mountain limestone).
50 feet mineral limestone (Prospect Mountain limestone).
The tunnel section, Plate 11., gives an excellent idee. of the formationswhich compose the east slope of Prospect Mountain and its spurs. It istrue that in all probability no other section parallel to this one, and taken
at a considerable distance either north or south of it, would closely correspond, yet it is safeio assnme that there would be enough resemblance between them to permit of this particular one being taken as a type. Mr.
Hague, in his geological map of the district, has placed the mouth of this·
tunnel in the Hamburg limestone. The first belt of shale encountered is.
therefore the Secret Canon shale.
The second belt of shale is probably nothing more than a fragment of
the third and widest, and has been brought into its present position in thetunnel by movements of upheaval. If Plate ~I. is examined it will be seen
that the numerous faults which have occurred along the line of the Eureka
Tunnel have so displaced the shale beds that it is not possible to determine
with any certainty what was their original position. In drawing this section it has 'been necessary to depend very much on probabilities in placing
the dividing lines between the different formations. The mass of shale
marked B, Plate II., does not appear in the tunnel, but it is exposed in the
incline winzes of the workings below the tunnel level from a diptance 50·
feet below that level down to the deepest excavations. As these incline
winzes are several hundred feet south of the tunnel, and as the strike of the-
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nature. On Ruby Hill thet:e are at least two beds of shale, one of which
is intercalated in the Prospect Mountain limestone, and it is certain that at
least that number call be found on Prospect Mountain.
Whether the third and widest belt of shale encountered in this tunnel
actually comes to the surface or not cannot be determined at present with
absolute certainty, but shale rock is found above the Industry mine, and it
is probable that it is a part of the third body of shale encountered in the·
tunnel.
This third beli of shale is also somewhat different in character from thefirst, which seems closely allied to that found on the surface at Ruby Hill.
It consists of alternate strata of argillaceous shale and thin bands of stratified
limestone, and, although considerably thicker than the low.er shale of RubyHill, is lithologically almost identical with it. The width of this shale in
the tunnel may be owing to the flatter position which it occupies or to local
expansion. The first zone of limestone has the usual appearance of the·
,mineral limestone of the district. It is crushed and broken, and all signsof stratification have been obliterated. It is usually gray in color and
sometimes stained yellowish by iron oxide. It contains vuggs and numerous·
seams. Wbere not too much crushed, it is crystalline in texture and sometimes brecciated, the different fragments being cemented together by calcite.
One of its peculiarities is the difference of the varieties which it presents.
within a few feet. The foregoing will apply to all the metalliferous limestones of' the district. It is difficult to state what the precise differencesare which distinguish the mineral limestone from the other limestones.. It
is not the difference in geological age which diRtinguishes it, but rather'
differences which are due to dynamical and chemical action. It is never'
continuously stratified, and it is never found for any considerable distance·
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This thin band of shale most likely was at some time part of the third and
widest mass of shale, which lies to the west, and was separated from it by
a series of faults; at any rate faults are apparent along its contact with the
limestone. Alternating beds of shattered limestone and shale seem to be
characteristic of this portion of Prospect Mountain.
At various points along its course the tunnel cuts through seams and
fissures which generally cr088 it at right angles. 'rheir usual pitch is easterly, though there are many exceptions to this rule. The most prominent
one of these fissures is at a point 840 feet from the mouth of the tunnel.
Its dip is nearly vertical, perhaps a little inclined to the east. It is
open in places and filled with sediment, bowlders, etc., which have- been
washed in from above. At the point where it is encountered it is about 350
feet below the surface, and it is a characteristic example of numerous occurrences of the same kind, both in the mountain and in Ruby Hill. Like
many others, it has been accompanied by ore, which was found on the north
side of the tunnel The principal ore body yet discovered was found about
1,200 feet from the mouth of the tunnel, and was also connected with a fi88ure
which runs a little west of sputh, but pitches westerly. It did not extend
any distance above the tunnel level, but it was followed down about 100
feet, when a very considerable pipe of ore was encountered running under
the tunnel in a northerly direction. Most of these fissures and seams are
faults produced by the folding and upheaval of Prospect Mountain.
Although there have been local subsidences, it is safe to say that the
portions of country which lie west of the fi88ures upon the foot-wall side
have as a rule been raised the highest. The strata have reached their greatest relative height just over the axis of fold. The third belt of shale is overlain by black stratified limestone, which, at its contact with the shale, pitches
west at a steeD an~le lwtil a little distance beyond the summit its stratifica-lS
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990 feet from entrance •..... Bluish·black limestoQe, compact granular.
1,010 feet from entrance ...•.. White limestone, compact crystalline.
1,100 feet from entrance ...... White limestone, compact crystalline, partly calcite.
1,200 feet from entrance ...... Gray stratified limestone, compact granular.
1,850 feet from entrance ...... Black limestone, compact granular.
1,900 feet from entrance .•... Gray stratified limestone, compact granolar.
First west cross·cut east side, bluish.gray limestone, com·
840 feet from entrance. . . . .
pact, brecciated.
Sedimeut from fissure.
1,200 feet from entrance at discovery winze near ore ...... Yellowish· gray crushed limestone, friable, crystalline.
1,200 feet from entrance .•.... Oalcite, stained with manganese.

~

sCctloa of Pro.pect "ouaWa throuCh Pro.peet "ouaWa Tuaael.-The Prospect· Mountain
Tunnel, starting at a point about ~, 700 feet west of the summit, nearly opposite the Eureka Tunnel and several hundred feet below it, has been driven
2,350 feet into the mountain. For the first 1,400 feet it passes through a
hard compact white limestone, which in places resembles marble. This
limestone is not often fissw'ed, but contains some cavities washed out by
water. There is nothing about it to indicate that it is mineral limestone.
At a distance of 1,400 feet from the entrance a fissure is encountered
at nearly light angles, which dips 80° to the west. From this point the
character of the limestone changes; it is much more broken, and many of
the ordinary varieties of mineral limestone are found, as well as seams
crossing the course of the tunnel. At 1,835' feet ore was disc<?vered, but as
yet the deposit has not proved valuable. At a little over 2,100 feet stratified lime8tone w~ encountered along a fault seam, which dips to the west
(see Plate 11.). A.t 2,250 feet shale makes its appearance along a similar
seam. The twisting of the stratification of both the stratified limestone and
shale indicates that the portions of country east of these two seams were
raised relatively to the portion on the west. Although not absolutely cer-
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amount of faulting movement: It is possible also that the western side of
this portion of the ridge has not been tilted to the extent that the eastern
has, thereby leaving a broader mass of limestone along the line of the tunnel. The quartzite must lie at a very considerable distance below the tunnel,.
but it is possible that the tunnel will strike it as it is driven to the east.
Dilitriblltion of ore In Proapect Mountaln.-The largest portion of Prospect Mountain
and its adjacent spurs is composed of mineral limestone, and evidence of
the number of metalliferous deposits contained in it is offered by the
numerous outcrops of gossan, which occur along its whole extent, but
which are particularly numerous from Ruby Hill to the Secret Canon divide.
The mines on both sides of the mountain have produced considerablequantities of ore, and there is every reason to believe that this region
when properly explored will produce important quantities for years to.
come. With the exception of some few mines the properties of Prospect
Mountain have been but slightly developed. Those,. however, that have
been opened to any great extent show that there are numerous masses of
ore contained in the Hamburg as well as in the Prospect Mountain limestones, and that although no such large bodies as existed in Ruby Hill have
been discovered there are many of them. The ore, too, in general is perhaps of a better quality.

OHAPTER IV.
THE STRUCTURE OF RUBY HILL.

-The axis of fold of Ruby Hill, if
such a confusedly uplifted mass can be said to have an axis of fold, has a
northwest direction from its point of junction with Mineral Hill, as the
northern end of Prospect Mountain is called. Mineral Hill is composed in
part of an outcrop of granite. The quartzite overlies the granite on its
northern side and bends around it to the east and west in the shape of a
horseshoe. The limestone touches the granite on the south and overlies the
quartzite, separating it on the surface on the east and west sides from the
granite. Although the granite does not seem to have broken through the
overlying formations, its presence may have had some influence in determining the present position of the quartzite and limestone on this part of
the mountain, and from indications observed in the Richmond shaft (see
page 12), it is possible that it underlies the quartzite at no very great depth
in the Ruby Hill mines. Ruby Hill is separated from Mineral Hill by a
, narrow divide and a deep ravine which has been eroded in the quartzite.
This quartzite is found extending along the southwestern base of the former
hill and dips under it to the northeast; that is to say, it pitches northeast at
this Doint. On the east flank of Mineral Hill. on the other hand. the auartzIallueDce of craa1te OD the Rub,. Hili formatloD ••
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Quuta.porphyry eruptloD.-About ~ mile and a quarter to the north of Ruby
Hill, and beyond Adams Hill proper, there has been an eruption of quartzporphyry which covers many acres. If this eruption took place at the time
of the folding and upheaval to which Prospect Mountain and Ruby Hill
owe their origin, it would account for the deflection to the northwest of the
different formations found on Ruby Hill. Whether the eruption of this volcanic mass actually caused the bending and twisting before mentioned or
not, the fact remains that these formations were so deflected during the upheaval, or subsequent to it, that they lie nearly at right angles to the position they would have occupied had they not been subjected to some other
. force than that of simple upheaval along their axis of fold. That pressure
was exerted from some point. to the north of Ruby Hill is clearly proved
. by the marks of striation observable at various points on the walls of the
cross-faults, or those faults which in many places traverse the limestone of
Ruby Hill in a northerly or northeasterly direction. These striation marks
usually dip to the northeast, which would indicate that the lateral force had
been applied from that direction.
Vau1te.-!t cannot be said that all the fault-fissures occurring on Ruby
Hill have one general ~ourse, but they can be divided into two general systems; the first consisting of those which are approximately parallel to the
strike of the formations and which were produced entirely by the folding
and upheaval, and the second made up of those which were caused by the
same forces supplemented by a strong lateral pressure. These two systems
of fissures are mostly to be found in the limestone. To what extent they
occur in the quartzite cannot be determined, as the workings in that rock
are not very extensive, but it is probable from the nature of that formation
that they are not so frequent. There are numerous instances, however, of
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Rbyollte eruption.-There has been another eruption of igneous rock in the
neighborhood of Ruby Hill, namely, the rhyolite of Purple Mountain,
which is situated about a mile and a half east of the mines, but this eruption could not have caused the deflection of the Ruby Hill formations to
the northwest, 8S it occurred subsequent to the original upheaval, although
it was no doubt intimately connected with the subsequent. phenomena which
accompanied the deposition of the ore.
ExtentoCtbelimestoneontbe.urface.-The face of the quartzite mass which overlies the granite dips at an angle of about 40° D.ortheasterly under the limest.one of Ruby Hill. The exposure of this belt of limestone on the surface
extends over 4,000 feet from the northwest to the southeast. On the northwest end it is covered by the debris_ of Spring Valley, and on the southeast
is cut off by a fault which Mr. Hague has called the "Jackson fault" (Plate
1). This brings it in contact with the Pogonip limestone lying to the east
of the Jackson hoisting works. Its width on the surface is from ~OO to
2,000 feet. It shows few signs C?f stratification en the hill itself, and is
usually a compact highly crystalline limestone, gray in color and much
weathered.
Extent of the .bale on tbe .Url"ace.-Beginning at the northwest, the shale first
makes its appearance at the Albion mine, follows round a promontory of
limestone, which extends nearly 1,000 feet to the north, and narrows down
to a point in the lower part of the town of Ruby Hill before reaching the
fault to the east. The shape of this shale body is very irregular; it is widest
to the north of the Richmond hoisting works, where it attains a width
of 2,400 feet, and narrowest, except where it comes to a point, north of the
above-mentioned promontory. Its course h~ nearly east and west., and its
dip northerly. The augle of dip of its stratification varies greatly. It
sometimes reaches 45° but is frequentlv a.s small as 25°

22

SILVER·LEAD DJlIPOSITS OF EUREKA, NBVADA.

peculiar to the region of Ruby Hill· and Prospect Mountain, and is due to
faults which in mnny places have followed the contact of the different formations. The local nOll-conformity bears upon the ore bodies only 88 an
indication of structure.
Relatioo. or the three rorm.tlona IJoc1erpoWlc1.-The subterranean structure of Ruby
Hill presents features of unusual interest to the geologist and miner. The
underground explorations have been very extensive, but they have not been
so complete that it has been possible to trace the contacts of the difFerent
rocks in every instance, and in making the maps which accompany this
memoir it has often been necessary to calculate the position of points not
actually exp08ed. These calculations have been made with care and due
reference to the position which the different formations bear to each other
at all exposed points. The main beds of Ruby Hill are an underlying
mass of quartzite, a broad zone of mineral limestone, and an overlying
belt of shale, all of which have been tilted so that they stand at an angle
of about 40°; this angle being somewhat greater in the upper than in the
lower workings of the mines. That these strata should pitch at a smaller
angle as they approach the valley is naturally to be expected. Beginning
at the Jackson mine, the most southerly location on the mineral zone, the
strike of these formations is to the north, but their course is soon deflected
toward the west, until, in the Albion mine, the most northerly, they strike
nearly east and west. Their course underground resembles in its general
outlines that on the surface, though there are many irregularities and frequent breaks caused by faults. As far as the deepest workings have penetrated (namely, to a depth of 1,230 feet in the Richmond shaft), the average
dip of the contact of the quartzite and limestone has been found to be
about 40°. Near the surface the angle of dip is much less, as the highest
point of the quartzite seems to be at the crest of an anticlinal fold. The
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aerved in a tunnel which is run into the southwest side of Ruby Hill some
few hundred feet to the northeast of the Isandula shaft, a shaft sunk in the
debris of Spring Valley. In this tunnel the qU8.1·tzite is cut through, and
there are signs of a flat undulation; the strata dipping to the northeast in
the face of the tunnel and to the southwest at its entrance. There is said
to be another locality where this can be observed, but it was not possible
to examine it, as the drift in which it occurs was inaccessible. It is in a
drift run to the west from the Buckeye shaft, and 30 feet below the first
level (Lawton tunnel) of the Eureka mine. The position of the quartzite
ean be seen on vertical cross-section No.6, Plate VII.
The quartslte aDd IimeetoDe CODlect.-There is no regularity about the dip of the
quartzite and limestone contact, and there a~e but few places along its surface where a cross-section would show that the dip remained constant for
any considerable distance. A glance at the various vertical cross-sections
and the plan of underground contacts (Plate III.) will show that both the
dip and the strike of the quartzite contact are very-irregular. In some
places, though these are not frequent, this contact pitches back. This can
be obsel"Ved on the plan of contacts (Plate III.), where the quartzite on the
fourth level of the Eureka projects out over that found below on the fifth ..
It also pitches bac~ at the end of a drift from the big cave situated nearly
()n a level with the'little tenth level of the same mine. This cave, which
will afterwards be described, lies w:est of the main incline from the ninth
level. Besides smaller irregularities. in the quartzite, there are three large .
protrusions along the course of this contact, which occur, respectively, in
the Phrenix, K. K., and Richmond mines. The first of these occurs in the
Phrenix and K. K. ground and extends from above the fourth level down to
the seventh of the latter mine with a northerly trend. The second begins
about 300 feet southwest of the Lawton or Eureka shaft on the third level
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eral hundred feet in vertical extent, which occurs at about the same depth
in all the mines, and which, combined with the undulations along the line
of strike, forms large b~sins of an oval shape. These basins are intimately
connected with the ore bodies and will be referred to later.
The malo fautt.-The contact surface between the limestone and the shale,
like that between the quartzite and limestone, is very irregular, but there
seems to be little similarity between them, owing to the presence of a fault.
This fault, to which the name Ruby Hill fault has been given, has had a
very important bearing upon. the structure of the mineral zone as well as
upon the ore deposits themselves. Beginning at the southeast, it is first to
be observed at the American shaft, which is about 25 feet deep, and is sit-uated a few hundred feet south of the Jackson hoisting works. The course
of the fault from this point is a little west of north, and, although not perceptible on the surface, passes west of the Jackson hoisting works, and can
be seen in the workings of that mine as well as in a tunnel near the Phrenix
line. From this shaft it changes its course to the northwest, and were it not
for the debris could no doubt be seen northeast of the Phrenix shaft. It
passes northeast of the Eureka and K. K. shafts, but must be very close to
the latter, and is plainly visible near the mouth of a tunnel run southwesterly to connect with the Bell shaft. The last place where it can be ohserved Q.l1 the surface is near the Richmond office. Although this fault is
not continuously traceable above ground, owing to the debris, its existence
is fully established by the fact that it is encountered at numerous points in
the underground workings of all the mines of Ruby Hill
Dip aDd .trike of the malo rautt.-The average dip of the plane of this fault is
about 70° northeasterly, and it is of remarkable uniformity, scarcely ever
varying 5° one way or the other. Its course also is extremely direct, with
the exception of the bend between the Phrenix and .Tackson. This fault is
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In the Jackson and Phrenix mines it is rhyolite, which is usually much
decomposed, but owing to the mica and smoky quartz which it contains is
still easily recognizable. At a place somewhere between the last point at
which it is seen in the Phrellix, and the first where it is encountered in the
K. K., positive evidences of its rhyolitic character are lost. It is likely that
the change is gradual, as there is something over a hundred feet of unexplored ground between where the rhyolite is last seen on the sixth level of
the Phrenix arid the first place where it is encountered on the sixth level of
the K. K. It is possible, however, that this change may take place suddenly. Where the fissure is found in t}1e K. K. and Eureka mines, the filling is of a dull yellow, bluish, or occasionally white color, whereas in the
before-mentioned localities it was uniformly white, except where stained by
its contact with ore. In following the fissurA northwest it becomes narrower, until in the Richmond mine it is only a few inches wide, although it
is a distinct and well-defined seam, with a different character of limestone
on either side of it. The clay has here lost its plastic nature and is a calcareous product of the attrition of the two walls. Underground, as well as
on the surface, this fissure takes a northwest course, after leaving the Jackson, which it retains until it is last seen in the Albion ground .
. General feature. or the main flaaure.-This fissure will hereafter be called the Ruby
Hill fault or main fissure, as to its formation are due the most important
features·· of the present structure of Ruby Hill, as well as the relations of
the ore bodies to each other. A careful description of its manner of occurrence and of the phenomena attending it is necessary for a complete understanding.of the deposits of Ruby Hill; and although when examined in one
. particular locality it does not seem to be of remarkable importance, taken
throughout its entire course it is found to be the key to the solution of the
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., may be it~ angle of dip, but it is appa.rently less than 45°, and the shale pitches
to the northeast away from the fissure. As this formation will be described
.at length hereafter, it is only necessary to mention it here in reference to the
fault. It is evident that the country southwest or on the foot-wall side of
this fissure has been raised many hundred feet relatively to the hanging
wall. Whether the former was raised or the latter subsided is immaterial,
8S the same effect would be produced in either case.
It is probable, how·ever, that there was both subsidence and upheaval, but that the latter
.exceeded the former. In the Eureka mine the distance to which the southwest wall has been raised relatively to the northeast wall is over 1,400 feet.
The faulting action is represented in Plate IV. Fig.l is an ideal section of the
.country through the junction of the Locan shaft cross-cut and the twelfth level
-of the Eureka mine, on a line at right angles to the strike of the fault which
is represented by the line X Y. The order of succession of the formations,
beginning at the lowest, is: Prospect Mountain quartzite; Prospect Mountain
limestone, consisting of two beds of limestone, with an intercalated bed of
.shale; Secret Cailon shale; Hamburg limestone; Hamburg shale; Pogonip
limestone. Fig. 2 represents the position of the different fOlmations after
the faulting and uplifting of the foot wall, and after the erosion of the overlying formations had given the country its present configuration. It will
be noticed that the intercalated belt of shale to the southwest of the fissure
has been eroded as well as tlie upper stratum of Prospect Mountain lime.stone. In the Eureka mine the lower shale is not found much above the
little tenth level (830 feet below the top of the Lawton shaft), but in the Jack.son it appears above the third level (315 feet below the top of the Jackson
.shaft). In the Richmond mine it is exposed from the surface down to
nearly the deepest workings, but as the shale in the Richmond is of a complicated structure its discussion will be postponed until the shale itself is
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foot-wall side of the fissure and shale the hanging wall above the fifth level.
Below that level stratified limestone intervenes between the fissure and the
.shale. In this mine the fissure is generally filled with a hard black clay,
and is often not more than an inch wide. It might be mistaken for an
-ordinary slip, were it not for the differences in character everywhere exhibited by the rocks on each side of it. Splices or small slips are of frequent
-occurrence in connection with it, as is often' the case with such fissures.
In this mine it appears at first sight to be of little importance, and has been
-overlooked almost entirely by the engineers who have examin~d the underground workings. When, however, it is taken in connection with its extension through all the mines to the southeast, and with the fact that it is a
fault plane along which the whole southwestern country has been raised
from 500 to 2,000 feet, it becomes of great importance as regards the structure of Ruby Hill.
Detailed de8criptioDoCthe maiD S88ure.-I t will be seen on examining the plan of contacts (Plate III.) and the various horizontal sections (Plates XIII. and XIV.)
-of the different mines that there are a number of places on the various levels
where the distance between the point.~ at which the fissure has been laid
bare is very considerable. 'rhe usual method of prospecting in the mines
southeast of the Richmond has been to run a main level along the line of
contact between quartzite and limestone, sometimes cutting through the
quartzite where its projections into the limestone are so great that the length
-of the drift would be materially increased if this contact were followed; and
then if ore was not encountered along this line, to seek for it by driving
numerOU$ cross-cuts towards what was supposed to be the shale, but was in
reality the Ruby Hill fault. Sometimes it was found to be more convenient
to keep the principal drift entirely in limestone and cross-cut in opposite
directions from ito Often these cross-drifts did not reach either the quartz-
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sonable doubt, however, that the fissure, which in the Jackson and Phamix
carries rhyolite, is identical with that which in the K. K. and the Eureka
carries calcareous clay. The fissure is intersected by drifts in over twenty
places, all of which correspond in position with that which the fissure would
be supposed to occupy from an examination of the exposures taken singly.
Better proof than this of the identity of a surface is rarely met with in
mines. When there are many fissures or slips it is not always an easy matter to distinguish one from the other, for one may have given out and
another one taken its place, or faults might have occurred which would
bring another fissure into the place where the first was to have been expected. This could not be the case in the present instance, as there is no
strong fissure within several hundred feet at any rate of the one in question. This is shown by the explorations which have been carried on in the
"front limestone" on the sixth level of the K. K. and in the cross-cut to the
Locan shaft in the Eureka mine~. So, too, the contact of an irregular surface, like the contact of quartzite and limest.one, requires more proof than
that of a regular one. In the present case the evidence is amply sufficient
not only to prove the continuity of the fissure, but its unusual regularity.
If the change in the materi~ composing the filling of the fissure had occurred at the single bend of any importanc~ in this fissure, which appears
in the Jackson, a drift along its course might have been necessary ~o establish the identity of the two branches. The rhyolite, however, gives out
between the workings of the Phamix and K. K., and to the northwest of
this point is replaced by clay identical with that, which fills the fissure in
the Eureka and K. K., so that the disappearance of the rhyolite forms no
argument against the continuity of the fissure. This clay also, as found in
the Eureka and K. K., is partly derived from the rhyolite, and is merely the
decomposed feldspar of that rock mixed with crushed nn'!!OS'tOI1!O
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fissure, containing decomposed rhyolite, is encountered. On the west side
of the fissure, which pitches easterly, interstratified limestone and shale
are found, the strata of limestone becoming less numerous as the quartzite
is approached. These beds continue for a distance of 134 feet and to within
10 feet of the quartzite, this interval being occupied by crushed Prospect
Mountain limestone.
The maiD ftaaure iD theJ&e:kIlOD:-The fissure containing rhyolite is also found in ,
the Jackson tunnel. In proceeding downward it is next to be found on the
third level of the Jackson mine, though it may possibly make its appearance in some of the abandoned workings which are now inaccessible. It
crosses the new Jackson shaft somewhere above the third level and continues with its usual dip and strike down to the fourth and fifth. It appears
at numerous points on all these levels and is invariably filled with rhyolite,
which is more or less decomposed. It is 150 feet from the quartzite on the
third level in the cross-cut to the old Jackson shaft, is about 15 feet from it
on the fourth, and comes in contact with it somewhere between the fourth
and fifth. It is 60 feet west of the shale on the third, and lies on the footwall side of it on the fourth, in the before-mentioned cross-cut.
The maiD ftaaure la the Phaealx.-In the Phamix the main fissure, still filled with .
rhyolite, is first noticed on the fourth level and continues with its accustomed pitch and strike down to the deepest workings on the seventh level.
It is over 200 feet removed from the quartzite on the fourth, but comes in
contact with it about 40 feet below the fifth near the Jackson line. On the
sixth level, farther to the northwest, it is but a few feet from the quartzite
at the end of the cross-cut from the main incline. It may be as well to
state here that the depth at which the main fissure comes in contact with
the quartzite increases as the fissure is followed westward. Three hundred
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ite, and on the sixth it comes in contact with it. In the southeastern part
of the K. K. ground the quartzite face follows the course of the fissure, but
as the Eureka line is approached the quartzite bends westward. In the
lower lovels the quartzite and the fiB~ure are together for nearly the wholeof their extent, and the limestone is shut out from between them.
lIalII ftaaure ID the Eureka.-In the Eureka mine the Ruby Hill fault can be
noticed near the surface in the Bell shaft tunnel. This tunnel has been
driven in a southwesterly direction from a point 300 feet distant from the-·
compromise line to connect with the Bell shaft, and cuts through the fissureabout 50 feet from the mouth. The fissure can also be f~und in the Utah
tunnel near by, and is encountered in one or two other places, but it is not
an easy matter to trace it on the surface, as the seam is small ahd usually
covered with debris. At the surface it is about 700 feet from the quartzite.
I t is not again met with in the workings of the Eureka mine until it is encountered in several cross-cuts on the fifth level. Its dip and strike between
these levels seem to be norm:al and to conform with the dip and strike in nU
other parts of the mine. It is first found in contact with the quartzite on thetwelfth level, 1,030 feet below the top of the Lawton shaft. Near the K.
K. line the junction takes place somewhat above the twelfth level. In the
cross-cut to the Locan shaft, 12 feet above the twelfth level, the fissure which
lies between quartzite and shale is very narrow, but contains a foot or so of
ore. As this level is followed toward the compromise line the quartzite bendsaround towards the west, a block of limestone intervening between it and
the Bssure. The fissure comes in contact with the shale nearly as high up
as the ninth level, but the developments made at this point are not sufficient
to determine at exactly what point the junction takes place. On the littletenth (60 feet above the tenth), tenth, and eleventh levels the main fissure
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slightly yellow. Much of t.his clay is derived from the shale by attrition
and the decomposing action of. waters passing along the fissure.
lIalDftuureIDtheRlchmoD4.-The fissure leaves the shale at a short cross-cut
in the Richmond ground just after the compromise line is passed, and is here
very narrow, although it is plainly defined, and contains from a few inches
to a foot of clay. It continues its normal course, and is distinctly visible,
with its filling of clay, along the northwest drift in the southeastern portion
of the Richmond seventh level. After leaving the shale the space between
the latter and the fault is occupied by stratified limestone, while the rock
lying on the southwest of it consists of the usual broken and highly metamorphosed limestone. On the surface this fissure can be seen near the
Richmond office. On ·the first level of this mine it is in contact with the
shale, 94 feet west of the Richmond shaft. On the second level it is
35 feet west of the shaft, and is also in contact with the shale, and remains so down to the fourth, where it is somewhat split up, and exhibits a tendency to' leave the shale. On the fifth level the fissure is found
A
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between it and the' shale below the fifth level On the ninth it has been
cross-cut for over 100 feet without the shale being encountered. The
diagram, Fig. 1, represents the relative positions of the mineral-be81ing
limestone, fissure, stratified limestone, and shale, as they are developed by
a cross-cut. The fissure is not often wide, but it exhibits unmistakable
signs of a great upward movement of the country to the southwest of it.
In places there are vertical striations, and the hard stratified limestone
which forms its hanging wall is often polished as smooth as glass. The
strata immediately adjoining the fissure are nearly parallel with it, but as
they approach the shale their angle of dip becomes less until it is frequently
as small as 20°. The contact of the stratified limestone and shale is very
irregular, the strata of the two formations being intermingled, so that there
. is no well-defined line of demarkation between the two. This contact, as
far as can be determined by the examination of the limited portion exposed
in a drift, has less dip than the main fissure, but the dip of the beddingplanes of the shale conform very nearly to those of the limestone. The
curvature of the planes of bedding in limestone and shale shows the upward
motion of the southwest country. The upper portion of the Prospect
Mountain limestone which underlay the shale retained its stratification, and
.is now found to the northeast of the fissure, while the lower portion was
forced upward to the southwest of the fissure, its stratification being for the
most part obliterated by th~ crushing accompanying its translocation. This
stratified limestoJ;le is of d81'k color, and is similar in character to that composing a large block which at the uplifting of the southwest country was
left in a comparatively undisturbed condition. This rock can be observed
on the sixth level of the Richmond, near the A. C. line (the dividing line
between the Richmond and Albion mines), in the widest part of .the mineral belt.
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into the Albion, where it is smaller and less distinct and probably disappears altogether.
The RDby Hili CaDit and the qll8rtalte.-Wherever the main fissure comes in contact
with the quartzite the dip of the face of the latter con-esponds with the dip
of the fissure. The reason for this coincidence of dip is obvious. The
face of the quartzite when in contact with the fissure is no longer the original contact of quartzite and limestone, but is the fault face pf the southwestern uplifted country. The manner of this upheaval is explained in
Fig. 2, Plate IV. The change of dip of the face of the quartzite when it
comes in contact with the fissure can be noticed on the vertical cross sections (Plates V. to XII.). Up to the present time no signs of the fissure entering the quartzite have been observed, and it is not to be expected that it
will do so until a much greater depth is obtained. Nevertheless, as all the
shale and limestone beds and the quartzite pitch off flatter as the valley is
approached, it is but reasonable to suppose that the fissure will eventually
enter the quartzite unless the dip of the fissure also should decrease very
materially. From the fact that an important fault has taken place on the
fissure, it is not likely that depth will effect its dip in any marked degree.
Neither is it probable that it will disappear at any depth to which explorations can be carried, as the fault which produced it is so widely extended.
Mr. Hague says that the thickness of the Prospect Mountain limest.one
can be taken at 3,050 feet. As close a calculation as it has' been possible
to make of the thickness of the bed of limestone between the lower or intercalated bed of shale and the Secret Canon shale gives this bed a thickness of about 1,300 feet. Allowing 100 feet for the thiokness of the lower
shale, there remain 1,650 feet of Prospect Mountain limestone. This calculation is based upon the measurements that have been made near the
Eureka main incline and the Locan shaft, and presupposes that the dip of the
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quartzite moving upward along the Ruby Hill fault. It is very likely that-.
this distance will be considerably less, though there is not much probability
that the fault will enter the limestone within 1,500 feet below the Eureka
twelfth level. These calculations are made for the portion of country from
which the ideal section, Plate IV., has been made.
8ecoadary &uure.-At the time of the disturbance which produced the main
fault another and secondary fissure was formed along the contact of thequartzite and limestone, and the q ua.rtzite was raised higher than the limestone, giving rise to the formation of a limestone wedge between the quartzite on the one hand and the main fissure on the other. The dip of the·
quartzite contact does not greatly exceed 40°, while the dip of the main
fissure is about 70°. The two surfaces of motion therefore approach each
other and must eventually meet. In some mines this has already been
. 8hown to be the case, and the line of junction is exposed at various depths.
in the lower workings of those southeast of the compromise line. To the·
northwest of this line the lowest workings have not reached the junction.
The crushed condition of the limestone wedge is due to the upwarcl
movement of the southwestern country against the hanging wall of the main
fissure. This upward movement also accounts in some measure for the dis-turbed nature of the contact between the quartzite and limestone, though
there is no doubt but that there were many in'egularities in this contact
before the faulting took place. This is shown by the contact between shale
and limestone, which is also very irregular, but it could not ha.ve been produced by the fault, as it lies in an undisturbed region. The undulationsand protuberances in both quartzite and limestone were probably in the
main produced by the primary folding which formed the hill.
Up to the present time all the ore of any impOl"tance taken from Ruby
Hill has been extracted from the countrv southwest of the Rubv Hill fault ..
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some places the cross-sections show that the dip has again become slightly
Hatter in the deepest workings, but this is probably not a permanent change.
Two beltll of .bale exiet.-It has already been mentioned that two belts of shale,
only one of which appears at the surface, exist on Ruby Hill. If the
geological map of the district (Plate I.) is examined, it will be noticed that
the shale and limestone contact on the surface lies at a considerable distance
northeast from the Jackson, Phcenix, K. K., and Eureka mines. Taking into
account the general dip of the Secret Canon shale on the surface and that of
the shale where it iR encountered below, it is at once apparent that the two
must be distinct masses. On the third and fourth levels of the Jackson
mine, in the cross-cut to the old shaft, a body of shale upwards of 100 feet
thick is encountered, which lies on the east side of the main fissure and dips
away from it.
Lower belt of .bele In tbe American aDd Jac:bon.-This lower shale has been faulted by
the fissure, and the western portion has been raised up and can be seen in
the American shaft cross-cut, described on page 2~. Here it occupies the
position where it was to be expected, namely, on the west side of the Ruby
Hill fault. This is the only known place where this underground or lowel'
belt of shale is to be found on the surface, the faulted portion having been
removed by erosion at all other points aboveground.
In the cross-cut on the third level of the Jackson it is about 50 feet
east of the main fissure and on the fourth it is in contact with it. It is
upwards of 100 feet thick on the third level and widens out somewhat as
depth is attained, 80 that in the cross-cut on the fourth it is 145 feet wide.
The dip of the contact of the shale with the limestone on the third and the
rhyolite on the fourth is 70° toward the northeast. The dip of the stratification, at its contact with the limestone or rhyolite, is very nearly the same
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has a northwesterly and southea.sterly course. No rhyolite accompanies it,
but between it and the succeeding stratified limestone there is the ordinary
clay produced by attrition. The phenomena just described conclusively
prove the uplifting of this country in benches.
1.'he quartzite was most raised, sliding along its contact with the Prospect Mountain limestone; this limestone also being uplifted along the fissure
while the shale was raised along the fault between it and the stratified limestone. During the upward motion of these different benches each rising
portion drew along with it more or less that which next succeeded. This is
visible in the present arrangement of the strata. In ascending it will be
observed that the main fissure, which faults or cuts off the shale, is no
longer in contact with this rock on the third level of the Jackson, Fig. 2,
Plate V. This is probably owing to the irregular form of the shale mass.
The lower .haIeln the Phmnlx.-The next place where the shale is encountered is
on the sixth level of the Phrenix. It is laid bare by a northeastern crosscut 50 feet long 3(J0 feet northwest of the northeastern cross-cut from the
main incline. At the point where it is to be seen it is but 50 feet from the
main fissure, but as the drift docs not pass through it it is not possible to
determine whether the same fault exists that is to be found on the northeastern side of the shale in the Jackson. It is altogether probable that it
does, however, and that this is the same body of shale that is exposed in
that mine, as its position is that which would be occupied by the Jackson
shale did it follow the course and dip which has been exposed in the crosscuts to the old Jackson shaft. Moreover it occurs gn a line between the
next shale encountered in the Eureka and that found in the Jackson. The
Phrenix shale also does not appear on the surface.
Lower ahale In the K. K.-There is probably shale to be soon in the lower work. ings of the K. K., but as everything in that mine has been flooded below
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Bureka.-This underground shale is exposed in the cross-cut
from the twelfth level of the Eureka mine to the Locan shaft. Vertical
cross-section No 7, Plate VIII, shows the position of this shale. At this
point it is very narrow, not exceeding 20 feet, and is more or less mixed
with stratified limestone. In this region it probably extends up as high as
the little tenth, and it forms the hanging wall of the main fissure, which
takes up the space between it and the quartzite. During the process of
upheaval which formed the main fissure and the secondary fissure at the contact of the quartzite and limestone, there was considerable motion along
the face of the quartzite, and the shale which lay northeast of the fissure
was dragged upward, so that where it forms the hanging wall the dip of its
stratification is nearly parallel with that of the fissure. This can be noticed
in the cross-cut. The natural dip of the shale, however, is less than 40°,
so that as depth is attained it will gradually pitch off flatter and the limestone will again make its appearance in the form of a wedge between the
fissure and the shale. This occurrence is already indicated on the thirteenth and fourteenth levels, where the limestone appears to be growing
wider. This limestone, having been sn bjected to a pressure similar to that
exerted in the upper wedge between the hanging wall of the main fissure
and the quartzite, will be found to be in a like crushed and broken state.
At a point on the tenth leTel just over the main incline, 140 feet above the
twelfth, the shale is found in contact with the main fissure, which is here
some distance from the quartzite. In going southeast from this point the
shale gives out, but in going northwest it is found in contact with the fissure.
Further along toward the compromise line the cross-cut passes through it
for 120 feet before reaching the limestone. Above this point the shale
reaches as high as the little tenth, always forming the hanging wall of the
Lower .bale in tbe
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with those two belts and also that it is accompanied by a fissure on its
hanging-wall side similar to the one which occurs in a similar position with
it in the J ack80n mine, would tend to prove that these three bodies of shale
were parts of a continuous belt. They are moreoyer identical in their
physical character.
CoDoectiOD of tbe two be1ta of .bale.-If the shale is traced from the point where
it is found over the main incline on the tenth level of the Eureka past the
compromise line into the Richmond seventh, and from the seventh up to
the sixth, and so on up to the fourth, and thence through the shaft to the
surface, the continuity of shale from the lowest workings of the Eureka up
to the spot where it comes to the surface back of the Richmond hoisting
works is established. But, on the other hand, if it is followed upward from
the place w~ere it is exposed in the cross-cut to the Locan shaft on the
twelfth level of the Eureka along the line of its contact with the main fissure, it is lost sight of above the little tenth level of that mine. If it followed the fissure, it would be found on the surface about 800 feet soutl1we8t of the Locanshaft, and in the Bell shaft tunnel. But the shale on the
surface lies over 300 feet northeast of that shaft. There is no other shale
on the surface between the Locan and Lawton shafts, and none is found in
the former shaft until a depth of 1,020 feet is attained. The shale on the
surface, however, northeast of this shaft can be followed around to the
southwest of the Richmond hoisting works, so that the two masses of shale,
the upper and lower, must be connected somewhere below, the Locan shaft
being sunk in the limestone between them. (See Plate I.).
Cau... wblc:b produced the JUDc:tloD of the two .hale belta.-Through the faulting incident
to the upheaval the lower belt of shale has been brought into contact with
the upper or surface shale somewhere near the compromise line. At exactly
what point this junction takes place, it is a. difficult matter to det.ermine,
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.and t-ighth levels of the Richmond, it is almost certain that this bend in the
.shale is not due to twisting and distortion, but was caused by a vertical
fault which followed very nearly the course of the compromise line. When
the country was raised up, the portion of it lying northwest of the compro-mise line fault was not raised to the same height as the portion of country
lying on the southeast side of it.. In other words, the block of ground just
·described subsided either absolutely or relatively. It is almost certain that
in this manner the northwest end of the underground or lower body of shale
was brought in contact with the surface 01' upper belt of shale along this
-compromise line fault. The position of the two bodies of shale southeast
·of the compromise line favors this belief. Similar cross-faults noticed in
the quartzite in the Richmond mine also tend to prove the fact of a
frequent cross-faulting of the formations in this part of the hill. This being
the case, the lower belt of shale must underlie the stratified limestone in the
Richmond mine, and it will be encountered at greater depth. At this lower
level the ground must have very much the same appearance as the country
-on the northeast side of the main fissure in the cross-cut to the Locan shaft.
-The fissure, however, at the point where it cuts this lower belt of' shale
might or might not be in contact with the quart.zite. A calculation made
·on the basis of the displacement of the shale on the surface would bring
the lower belt of shale in contact with the fissure at a point about 1,700 feet
below the top of the Richmond shaft., or about 500 feet below the present
lowest workings. Another proof that the lower belt of shale has been
brought into contact wit.h the surface shale near the compromise line is furnished by the fact that the surface 01' upper bed of shale is always underlain by distinctly stratified limestone whereas the lower shale is not. This
.strat.ified limestone is not to be seen southeast of the compromise line or
fault, where the lower shale makes its RppearRnce, It will be noticed that
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of them, which, however, for sake of clearness, is omitted in the diagrams.
The point of view is in the Richmond ground looking towards the Eureka,
and the two bodies of shale dip easterly at an angle of 40°. The plane
M N 0 P, Fig. 1, represents the direction of the cross-fault, which was the
first one to occur. This fault takes place nearly on the compromise line,
and has a nearly vertical dip. When the faulting occurred the blocks B
and h, representing portions of the two shale belts, slipped down until they
occupied the positions relative to the blocks A and a shown in Fig. 2. The
plane Q R S T shows the direction of the main fault, and after it occurred
the pieces a' h' and B' were raised above the present surface of the ground,
and have been removed by erosion. The piece a' corresponds to the shale
which was cut oft' from below the ninth level of the Eureka; the piece h'
.is the con·esponding portion of the lower belt of shale, supposed to exist
below the present workings of the Richmond, and B' is the part of the
larger mass of shale, which was removed by the main fault. The face a,
Fig. 3, represents. the shale as it now exists in the Eureka, aud the face B
represents the shale in the Richmond. The irregular lines on the tops of
blocks A and B represent the surfaces of erosion as nearly as possible as
they exist at present. If the line e f 9 h is taken as representing the Richmond seventh and the Eureka tenth levels, it will be seen that conditions
exist in tJlese ideal beds of shale similar to those which actually occur in
the two mines. In the Richmond the contact between shale and limestone
is continuous to the smface, and it can also be traced in to tho Eureka
ground along the tenth level of that mine, but cannot there be followed to
the surface.
Plate XVI. represents a projection of the different formations that are
found on the hanging wall of the main fissure upon a vertical plane parallel to its course. The point of view is from the mineral zone. The various
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ShaJ. lathe AlbIOIl.-A large part of the work which bas been done in the
low~r levels northwest of the A eCi line has been performed by the Riehmond company.
On this end of the hill the shale does not present any remarkable features. Its contact with the limestone is irregular, as usual, but its position
underground conforms very nearly with that which it occupies on the surface, always allowing for the dip of the formations. There are occasionally
ma.<;ses of it intruded in the limestone. South of the Albion shaft it is in
close proximity to the quartzite, touching it in places. The quartzite referred
to is a nan·ow belt of quartzite, which will be described hereafter. The
shale is shown in the various horizontal sections, and it retains its general
relations to the limestone down to the deepest point west of the A Cline,
namely, at the end of the ninth level of the Richmond.
Froat IImeatoae.-The time and manner of formation of the Ruby Hill fnult,
and its subsequent filling either with rhyolite or clay, are matters of very
great importance as regards the history of the mineralization of the limestone between the quartzite and the fault-fissure and the prospects of finding ore either at a greater depth or by prosecuting developments in the
so-called front limestone. This body of rock lies northeast of the main
fissure, and although it has in many places the appearance of the ore-bearing ground has hitherto been found unproductive, all the ore having been
obtained from the limestone wedge between the main fissure and the quartzite. It is true that the prospecting done in the front limestone has not been
sufficient to prove that it contains no ore bodies, but it has been sufficient to
discourage search in that direction. It shows at any rate no such outcrops
as were apparent in the Champion, Buckeye, and Tip-Top claims (the Ol·iginallocations of the Eureka Consolidated and Richmond companies), situated
I
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-by the presence of the lower belt of shale. The shale in general is unfavor.able to the passage of solutions of any \ind, as well as to the deposition of
ore, and in this particular instance (see Plate VIII.) it acted as a bArrier to
confine the metalliferous solutions to the wedge of crushed limestone above
it, between the main and secondary fissures.
FroDt lime.toDe iD the Eureu.-The explorations in the front limestone consist of
.a few cross-cuts from the different levels of the K. K. and Eureka mines.
The principal of these cross-cuts is the one connecting the twelfth level of
the Eureka with the Locan shaft. rrhis cross-cut is 508 feet long and is
-driven from its junction with the twelfth level, near the station of the main
incline, in a northeasterly direction, through the upper belt of Prospect
Mountain limestone lying between the upper and lower belts of shale. The
rock through which it passes does not differ in any material respect from
the limestone which is found above between the quartzite and main fissure;
but it is harder and more compact, and does not show evidences of having
been crushed and disturbed to the same extent as the latter, except in the
immediate neighborhood of the fissure. It is dark colored, and shows some
-slight signs of stratification.
FroDt lime.toDe iD the K. K.-The cross-cut on the sixth level of the K. K. (see
horizontal section No.2, Plate XIII.) lays bare another portion of the front
limestone. This drift is over 300 feet long, and although the limestone is
-different in color and texture from that in the cross-cut just described, there
is no greater difference than can be observed in varieties of limestone in
the mass between the quartzite and fissure. Samples for assay were taken
-every 30 feet in this drift, and the results obtained will be discussed in the
-chapter on assays. No signs of stratification were observed in this limest~ne, and it was of a grayish-white color. It is harder and more compact
from the contact with the fissure; and it if'! hi!Thh?
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material, however, can be found in many places in the mineral belt, and
-this dark rock exhibits no characteristic features that would distinguish it 88
coming from the front limestone.
Cbaracterlatlc:a of the front limeatone.-It has not been possible to find any characteristic features in either of these two· limestones which would distinguish
them from each other; and although the limestone southwest of the fissure
·certainly belongs to the lower belt of limestone and that northeast of it to
the upper, yet there is nothing in the appearance of either that would indi·cate that they belonged to different masses unless it is that the front lime.stone is less disturbed and that its stratification is more frequently perceptible.
The quartdte eoutheaat of the compromiee line.-The quartzite in the four mines southeast of the Ri~hmond shaft appears to be substantially a solid mass many
hundred feet in thickness. Its contact with the limestone is very irregular,
.and the rock near the surface is often displaced to a greater or less extent
by faults, but it is comparatively easy to explain these irregularities and to
account for the phenomena exhibited. Not so, however, with the qualizite
in the Richmond and Albion ground northwest of the working shaft of the
former mine.
The quarUlte In the Rlc:hmond and Alblon.-The explanation of the occurrence of
this quartzite and of the manner in which it was brought into its present
position in this part of the hill is a matter of great difficulty, partly owing
to the absence of sufficient explorations in the neighborhood of the Richmond shaft and partly on account of the complex character of the movements which have taken piace. The quartzite (see Plate III.) on entering
the Richmond ground from the Eureka bends· toward the west, as has .
.already been stated, and forms a promontory which pitches to the north.
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160 feet from the shaft. It will be seen that both of these cross-cuts are
run through the above-mentioned promontory, and that they give some idea
of its shape at the depth at which they were mn. These cross-cuts and
other workings in, the Richmond ground. near the compromise line prove
that the quartzite in which the shaft is sunk is the main body of quartzite
which underlies the limestone of Ruby Hill. (See Plate XIV.)
Thll Darrow quartsitll.-At variable distances, according to the depth attained,
northwest of the Richmond shaft, the secondary fissure, as the contact fissure between quartzite and limest.one has been called, leaves the main body
of quartzite and passes off into the limestone. It can be seen on all the
levels of the Richmond and Albion mines where the workings have been
pushed sufficiently to the south and west, but it is particularly well developed on the second and fourth levels of the former, where its course has
been followed by drifts until it disappears in the northwest 'portion of the
Albion ground. The most remarkable feature connected with this fissure is
the fact that it is accompanied by quartzite. In the upper levels this
quartzite is a very thin band, seldom exceeding 10 feet, and often much
less, but in the lower levels it is much wider, reaching a breadth of 80 feet
on the Richmond ninth level. Its junction with the main body of the
quartzite is not clearly shown on any of the levels, but it is considerably
northwest of the shaft in the upper levelS', and gradually approaches the
shaft, as depth is reached, until on the ninth level it is at about the point
shown on the horizontal section No.6, Plate XIV. The fissure is plainest on
the upper side of this narrow belt of quartzite, but a parting is nevertheless
distinguishable in many places on the under side: There are several crossfaults and undulations in this quartzite, which were probably produced by
the primal upheaval. As the problem of the occurrence of the quartzite in
thiR portion of Rubv HilJ iR 9,R complicated as that of the shale near the
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exactly what point on this latter level the quartzite begins to thin out, but
an alteration in its width is first noticeable about 800 feet westerly from the
shaft. (See Plate XIII.). Here the quartzite is but a few feet thick, aud a
short distance farther to the west it is but a few inches, being scarcely more
than a seam filled with quartzite, limestone, and clay. This character it
retains in the continuation of this level, varying in thickne88 from a few
inches up to 20 feet or more until the extreme northwest workings in the
Albion ground are reached. Near the point where this thinning out of the
quartzite is noticed there are unmistakable signs of a fault. This fault is
of no great lateral extent, and forms one of a series of similar faults which
are found in this narrow strip of quartzite at various points on the different
levels. These faults have a general northerly course, and dip sometimes
easterly and sometimes westerly. What has been the extent of the faulting
in a vertical direction cannot be determined with any certainty, but in
some cases it has been considerable. At the point mentioned above, there
are two slips; but it is the one which has a weste~ly dip of 85° that seems
to displace the quartzite. One hundred feet beyond this point a drift has
been run into the" back lime," as the limestone is called which lies on the
southwestern side of this narrow strip of quartzite.
In proceeding along the fourth level from the shaft, the main body of
quartzite is IQft at some unknown point, the explorations that have been
made in the back lime not having been sufficient to discover it, and the
narrow band that is followed is but a splinter from the main mass. On the
Richmond fifth level the quartzite is to be found at two points. The first is
about 200 feet south of the shaft, and the second is at the end of the first
southwest cross-cut. In both places it appears to be the main solid body.
Still it is possible that at the last point it may be only 50 feet thick, for it
is found no wider than that on the sixth le,'ell 00 feet below and some little
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followed the southwestern branch of this drift, but in all probability it
widens out again in the manner shown on the map, as it is found at the southeast on' the first level of the Albion 80 feet above the Richmond sixth. It
there follows a course almost identical with that exposed aboye it on thefourth. It seems to have the same bends and twists exhibited on that level,
and it is likely that its position at any intermediate point between the tW(}
levels could be calculated within a few feet. Both in the Albion first and
in the Richmond fourth, 170 feet above it, the quartzite also comes in contact with shale bodies, and the manner of occurrence in the two cases is.
very similar. The quartzite on the Albion first is very narrow, and although
it lies along a well-defined fissure it is not an easy matter to obtain characteristic specim~ns, as it is much mixed with limestone and clay.
On the seventh level of the Richmond there is a fault 190 feet from theshaft, but it lies over 200 feet to the southwest of the point at which its
position above would indicate its reappearance. The quartzite and its.
accompanying fissure is found at the southeast end of the Albion second
or intermediate level. At this point it has been cross-cut ten feet and theback limestone has not been encountered. In following along this level,
the fissure, which is here nearly perpendicular, leaves the quartzite. It is.
true that this fissure contains more or less clay and. quartzite for a considerable distance, but the limestone on the southwest side of it 40es not soom
to have the usual characteristics of the back limestone. In passing along
the eighth level a fault is again noticeable, at a point where there is a sharp
bend in the drift 390 feet west of the shaft. The point is nearly directly
below the fault on the sixth.
As the seventh level does not extend far enough south to expose this
fault, were it in the position on that level indicated by its occurrence on thesixth and eighth, it is impossible to tell whether the fault which is exposed
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in color, rather slaty or laminated in texture, and sandy to the touch. A
c10se examination, however, shows that it is quartzite. This cross-cut is run
some distance into the back lime, which has its usual habitus, The quartzite is again laid bare on the third level of tIle Albion, which cOlTesponds
wit.h the Richmond eighth, in two we!Jterly cross-cuts from the Albion shaft.
The quartzite has been faulted by a fissure near the winze which descends
from the Albion second, and is not visible along the southeasterly drift.
On the ninth level of the Richmond (Plate XIV.), which is run almost
entirely in back limestone, the quartzite, except near the shaft, is of thesame character as that which appears in the south cross-cut on the eighth.
N ear the station, another fault is discovered. Again the question arises,.
Can this fault be in any way connected with the others above it' It is
most likely a separate fault which here shows itself for the first time.
Southeast of tbe shaft, toward the compromise line, tbe quart.zite retains
its normal character and apparently its normal thickness,
On the ninth level the narrow belt of quartzite must join the main mass
somewhere between t.he north cross-cut from the water drift and the shaft.
What the position of this dismembered mass may be on the 1,050-foot and
lower levels future developments alone will show. In descending, this belt of
quartzite widens until on the ninth level it reaches a width of over 80 feet in
places. On both its hanging and foot wall sides, but especially on its hanging, it exhibits signs of considerable motion, and it is more or less mixed
up with limestone at the planes of contact, and occasionally contains fragments of the latter rock even at a considerable distance from the limestone.
Its lamination seems to be due rather to the effect of movement under immense pressure than to the manner of deposition. Where the quartzite is
found un broken and of the normal character it shows no such indications
of stratification.

•
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various hOlizontal sections will show; but it is remarkable in this respect,
the irregularities nearly cOlTespond on all the levels_
Relations of tbe quartaite &Del HCOndary ft ••are.-rrhe motion of this quartzite upward
along the plane of its contact with the limestone has already been mentioned. It is a difficult matter to. tell what has been the extent of the upward motion, but that it has been very considerable is shown by the comminution of the quartzite and limestone at their contact, and the numerous
striation marks where either of these rocks have remained in a solid condition. When the main fissure was made and the faulting took place which
raised that portion of country lying southwest of the fissure, the quartzite
was moved up, not only along the fissure, but also along the plane of its
contact with the limestone, and the limestone wedge between the quartzite
and the fissure slid back against the limestone hanging wall. The upward
motion of the quartzite crushed and othenvise dismembered the limestone
lying between it and the solid northeastern wall When the fissure between
the quartzite and limestone reached a point southwest of the present Richmond hoisting works, it shot off into the limestone instead of following
around the contact plane of these two rocks, which turns towards the south.
The continuation of this quartzite fissure is the fissure which is found in
the Richmond and Albion mines accompanying the narrow band of quartzite, and which has been described in detail. The Ruby Hill fault fissure
lies much farther to the northe~t, near the shale, and has also been described in detail. The positions of' these two fissures and their relations to
each other can be observed in the different maps and diagrams. They are
designated by heavy black lines.
The manner in which the narrow band of quartzite found its way into
its present position seems to admit of but one solution, namely, that its occurrence is due to a succession of faulting movements which followed the
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either that it is quartz, and was deposited after the formation of the fi88ure,
as under the microscope it exhibits the structure of quartzite.
Rel.dOG or tb. two e••urea to the counby rock.-The two fi88ures, the secondary and
main fissures, do not exhibit a width which is in any way proportional to
the amount of movement which has taken place along their planes. The
main fissure in the Eureka, and other southeastern mines, is very strong,
often having a width of 12 feet or more, but in the Richmond and Albion
it is scarcely more than a seam, and would naturally not be considered
of much importance if the great difference in the country rock on each
side of it was not taken into account. The secondary fi88ure, although it
is always accompanied by more or less clay, does not always exhibit absolute proof of its nature, and in some places might be mistaken for the
ordinary contact of two dissimilar rocks, but when considered as a whole
and in conjunction with the narrow strip of quartzite in the Richmond mine
the fact that it is a distinct rent in the earth's crust can hardly be disputed.
Back IlmntOGe.-This term is used in reference to the limestone which is
found on the foot-wall side of the narrow band of quartzite, which in the
Richmond and Albion ground accompanies the secondary fissure. In the
cross-cut run into the limestone at the point on the fourth level already
mentioned (page (5), the quartzite appears in the roof of the main drift, and
is scarcely more than a foot wide. Except that it is mixed more than usual
with clay and limestone, it differs in no we.y from the ordinary quartzite.
It has the same pinkish color and friable nature. The back lime8tone is .
pulverized almost to a powder at the contact, but becomes more compact as
the drift penetrates farther from the fissure. This limestone differs in a
great many respects from the limestone which is encountered between the
quartzite and shale. It is blackish, breaks with an angular fracture, hJ!.8 a
somewhat gla88Y appearance; and its planes of fracture are lined with qnartz
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the surface-map, Plate I., is'
examined an extensive fault will be noticed just ea8t of the Jackson hoisting works. This fault extends a considerable distance to the north and
south, and has been called by Mr. Hague the Jackson fault. The main
fissure of Ruby Hill, the one containing rhyolite, joins the Jaokson fault
somewhere south of the American shaft, but at exactly what point has not
yet been determined, the surface of the ground being covered by debrIs,
while the underground developments are inconsiderable. It has baen stated
that the limestone in which the American shaft is sunk is the Pogonip limestone. It is therefore possible that the main fissure of Ruby Hill is identicar
with the Jackson fault at this point, though the fault laid down by Mr.
Hague runs nearly due north from the American shaft. That there is
another fault parallel to the main Ruby Hill fissure is clearly shown on the
cross-cuts to the old Jackson shaft, and it is probable that this other fissureis no other than the one which Mr. Hague has called the "Jackson fault.'"
There seems to be very little doubt that the eruptions of rhyolite which
occur in this neighborhood, of which Purple Mountain is a prominent
example, are intimately connected with all these faults.
Re1atioa of tile Ruby Hili rault to tbeJ.c:keoa r.ult.-If

CHAPTER

v.

ORES OF PROSPECT MOUNTAIN .AND RUBY HILL.

Clauillcatioa of the ProIIpect lIouataia aad Ruby Hili orea.-The ores of Ruby Hill are to
be classed under the head of argentiferous-auriferous lead ores. They are
of two classes, oxidized and un oxidized, though up to the present time
almost all the ores produced by the mines of Ruby Hill have been of the
former character, sulphurets being only found in a very few places in a
region two or three hundred feet above the water level and in some localities below it. As might. naturally be expected, the line which divides the
oxidized from the unoxidized ores is not sharply defined, and the transition
is a gradual one.
la8aeaC8 of the .ater-le.rel OD ozldatloa.-!n some places where ore is found at a
considerable distance below the water-level, it is in an altered condition,
which would seem to point to the fact that the present water-level is somewhat higher than it has been at some previous time. This is probably the
case, as it is not possible that oxidation could have taken place at any CODsiderable depth below the surface of the water. The workings of the mines
of Ruby Hill have at present reached a depth of over 1;200 feet, the deepest point being the bottom of the Richmond shaft. The greatest depth at. wned in the old workings o,f the Eureka is 200 feet higher than the bottom
of this shaft. From the lower workings of the Eureka up 200 feet the
ground has been flooded for several years. The water rises 150 feet in the
Richmond shaft, but remains at that point. From this it will be seen that
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It will be noticed from a reference to the actual water-level line marked
on the elevation (Plate III.) that it is very irregular, showing that there is
not everywhere a free circulation of water between the extreme workings
on the mineral zone, as well as that the water-level at the northwest end is
very much below that at the southeast. The irregularity in the character
of the ore in the neighborhood of the present water-level is no doubt due
to the rise and fall of the water at different periods, and to the nature of
the ground, which in some places is more accessible to the action of the air.
Loca14llrerea_ la the Rub7 Hili orea.-Although there are some slight local differences in the ores produced by the mines of Ruby Hill, they are so inconsiderable that it is not necessary to describe them by localities, and although
their variety is very great, yet the different oxidized ores do not seem to be
confined to anyone level or any particular chute.of ore, but occur indiscriminately at all depths. Sulphurets, particularly galena, are found to
so~e extent intermingled with the oxidized ores, but those represent mere
remnants which have escaped oxidation and are nsnaUy insignificant in
quantity. MaSBes of sulphurets occur orily below or near the water-line.
lI!aerate occurdq lsi Rub7 BUI.-Before describing the different varieties of Qre
found in the mines of Ruby Hill, it may be well to mention the minerals
of which they are composed. It is very possible that other minerals than
those which are given in the foIIowing list occur, but as their presence has
not been detected in the careful examinations which have been made' of the
ores, it is not likely that they exist in any great quantity, or that they are
very numerous.
The galena is usually of a medium grain, and more or less mixed
,,:ith sulphate of lead. It occurs in the form of nodules, which are
changed at the surface into sulphate and carbonate of lead, and in irregu-
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Anglesite (sulphate of lead) is an important mineral in the composition of the Eureka ores. It forms a large portion of the "yellow carbonate" of the miner, and is present to some extent in all the lead-bearing ores of the hill. It is the product 9f the decomposition of the galena,
and occurs in three forms: as colorless crystals in geodes in the galena and
other ores in a manner that shows that it was deposited from a solution of
the sulphate; in compact masses of a dull black color, usually containing
undecomposed sulphide and a kernel of galena; and in finely divided particles disseminated throughout the ore. In the latter case it is not distinguishable by the eye, and its presence can only be detected by the usual
tests for sulphuric acid and lead.
Cerussite (carbonate of lead) almost always occurs crystallized, sometimes in acicular crystals mixed with other minerals throughout the ore;
sometimes in geodes and surrounding nodules of galena and anglesite,
and in massive aggregations of small crystals of a dark color. In this latter inst&nce it is called "sulphuret ore" by the miners, and probably contains an admixture of mimetite, as arsenic acid can often be detected by
means of the blow-pipe. The dark color is due to the presence of manganese. It is evidently the ultimate product resulting from the decomposition
of the galena after that mineral had been changed into sulphate. It seems
also to exist disseminated in a finely divided state throughout the so-called
"red carbonate," a mixture of different lead minerals and hydrated oxide of
iron, for this ore gives a reaction for carbonic acid while it contains scarcely
any lime.
Mimetite- (chloro-arsenate of lead) is found in colorless crystals
aAnalY8j.B of colorleB8 mimetite from the Richmond mine, Eureka, Nevada, by F. A. MaBBie, of
the University of Virginia:
The 8pecimen consisted of 8lender, almOllt acicular, hexagonal prillDlll, aggregated into a friable
wnlf~nitf~ ~Atit.A!'!'d, tbrnn~bont

itm

Theindividn!!l (!11'~~1~ we~ eolo~
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and in yellow masses more or le88 mixed with sulphate. The occurrence of crystals is rare, but the" yellow carbonate" often contains considerable quantities of this mineral. As the galena which has been found in
the mines of Ruby Hill rarely contains much arsenic, it is not likely that
mimetite was formed through the oxidation of galena alone, but that it resulted from the simultaneous decomposition of that mineral and arsenopyrite. This is made probable by the fact that the "yellow carbonate," a
widely distributed ore, although it is sometimes composed of sulphate of
lead and hydrated oxide of iron alone, is usually a mixture of sulphate of
lead, chloro-arsenate of lead, and hydrated oxide of iron. If the "yellow
carbonate" resulted from the decomposition of 8l"Senical galena alone it
would not contain the hydrated oxide of iron except as an admixture. That
the iron is not always an ingredient resulting from a subsequent mixture of
the products of oxidation is shown by fragments here and there in the mass
which retain the original structure of the minerals which composed them.
This mimetite has been found in the form of stalactites, stalagmites,
and in columns in vuggs in some of the ore bodies. It occurs as minute
hexagonal crystals surrounding a core of some brown mineral, which is
probably limonite. The vugg in which the specimen belonging to the
collection was found occurred in the upper part of an ore body, which
was distinctly stratified, indicating that the material composing it had
been re-arranged since it was oxidized. The minerals in too interior of the
vugg had evidently been ·crystallized from solutions since the rearrangement of the ore. The manner of formation of these stalactites, etc., seems
to' be plain. The al"Senopyrite, pyrite, and galena, which formed the original ore, were oxidized, sulphate of iron being first formed. This sulphate
of iron trickled down, forming numerous columns, upon which the later
product of decomposition, mimetite, was afterwards deposited. In time the
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-throughout the ore. Some of the galena contains considerable molybde.num, but whether the quantity contained in it will account for the presence
of the considerable amount of wulfenite in some of the ore is a matter of
doubt. From the manner in which some of it is found surrounding nodules
of galena carrying molybdenllm, and from its OCCUlTence mixed with the
.other products of decomposition of that mineral, it it! evident that a portion
.of it at least was formed by the decomposition of the molybdenum-bearing
.galena. Thus far the existence of molybdenite (sulphide of molybdenum)
has not been detected in the oxidized or un oxidized ore. It exists, how,ever, in the underlying quartzite. Several specimens of this mineral were
found in sinking the Richmond shaft from the 900 to the 1,200-foot level,
.also in the cross-cut from the 1,200-foot etution through the quartzite to the
limestone. As it is usually found in the quartzite, it is in a very finely
divided state, and were it not' for the few exceptional specimens that have
been found, its presence would huve been overlooked. It is probable that
its occurrence in the quartzite is due to secon~ary causes, and that, like the
pyrite, it was not an original constituent of that rock. It is not improbahIe that it will be found in considerable quantity in the un oxidized ore below
,the water level.
Pyrite and arsenopJIite both occur in the unoxidized ores, and the former is found in the quartzite and in some of the other rocks of Ruby Hill.
Arsenopyrite is not as plentiful in the unoxidized ores as the amount of
arsenic in combination with lead in the oxidized ores would lead one to
expect, if the theory that arsenopyrite was the original source of the arsenic
is correct; but the bodies of sulphurets hitherto discovered have been so
few and small that they cannot be taken as representing quantitatively the
minerals which originally composed the oxidized ore bodies. Marcasite has
been observed in the shale.
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mineral after pyrite have occasionally been observed. Hematite (sesquioxide of iron) is also present in the ore, but it is riot as often met with as
the hydrate.
Blende (sulphide of zinc) is found to some extent in the upper portions
of the mines, and is of frequent occurrence in the lower workings in con- •
nection with pyrite and galena. It is usually a dull black cryptocrystalline
substance, but is sometimes crystalline. In the latter form it is found in
the "black" chamber between the eighth and ninth levels of the Eureka
mines.
Calamine (silicate of zinc) is often met with in fine characteristic crystals
in connection with earthy limonite.' It usually occurs at the junction of ore
bodies with the limestone, and in many instances is pseudomorphous after
that rock.
'
Srriithsonite (carbonate of zinc) is no doubt present in the ore and is
the product of the decomposition of bIen de, but no characteristic specimens
have been noticed. Zincite '(oxide of zinc) is probably present, but its
detection is difficult on account of the admixture of iron in all the ores.
Calcite (carbonate of lime) is everywhere found in the Eureka mines.
It occurs transparent, but is usually of an opaque milky color, cementing together the crushed mass of the rock and in clumps of crystals in vuggs
and other cavities. Calcite is of rare occurrence in the ore itself. The
calcite, as well as the limestone, carries more or less carbonate of magnesia,
but none has as yet been found which contains sufficient of that substance
to entitle it to the name dolomite.
Aragonite (orthorhombic carbonate of lime) is of frequent occurrence.
It is particularly plentiful in the caves and smaller cavities of the limestone,
where it often covers the entire roof and walls. In many places it is conRtantlv forminD' from the wajer which iR om,:inD' from the
~~~~~-~~a
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ordinate scale pasted on a board was hung directly behind the group of
crystals, the growth of which was to be measured, and a transit instrument
was placed at a convenient spot at from 10 to 15 feet in front of the scale.
It was found convenient to use a transit, as the construction of this instrument permitted the removal of the telescope without the derangement of
the tripod, and as the moisture collected so fast on the lenses within the
telescope that it was impossible to observe the crystals if it was left underground over uight. When the telescope was replaced it could be put
exactly in its former positiou, thus preventing any inaccuracies which might
arise from the removal of the point of observation from the original line of
sight. The temperature in this case remained at nearly 54!0 F. (30.1 C.),
the variation not being 1!0 F. during the wllOle time (some six weeks) o,'er
which the observations extended. The moisture in the atmosphere was very
near the dew-point, as was shown by a very slight decrease in the temperature upon moistening the bulb of the thermometer. The water was dripping from many points in the roof of the cave, and the sides were wet
with it.
During the first period of observation the maximum growth of any of
the crystals observed was five-sixteenths of an inch in three weeks. This
particular crystal began its growth in a large drop of water, which gradually diminished in size until at the end of three weeks it had totally disappeared. During the first part of this time the crystal formed most rapidly,
and seemed to shoot out of the drop of water. Its increase was then perceptible from day to day. The growth of this crystal, as well as others in
the group, was evidently dependent upon the siz~ of the drop of water surrounding it, for although the whole of the group of crystals was wet increase
was only perceptible in those crystals surrounded by a drop of water. No
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. .the cave, which at its lowest point was connected with the main incline and
~t its highest by means of a winze with the ninth level above. Although
the atmosphere remained near the dew-point, it was constantly renewed.
. The observations were conducted very near the center of the cave.
Roth"says that spathic and fibrous calcium caI:bonate (calcite or ara.gonite, or both together) are commo": in the form of stalactites and stalagmites in the cavities and fissures of limestone, and in the tunnels, shafts,
.and drifts of the mines. Dana/) mentions that it is forming in an old mine
in Monte Vasa,' Italy, at a temperature below the boiling-point of water.
The condit~ons which govern the formation of aragonite and calcite, re:8pectively, are not understood. In Ruby Hill, however, aragonite is forming under ordinary pressure at a low temperature.
Siderite (carbonate of iron and lime) has been frequently noticed.
Quartz is found in cry~tals in cavities and mixed through the ore at rare
intervals. It is not an important mineral in the ore, except that it is neces.88ry to its reduction by smelting.
A silicate of iron has been noticed, but it is not of common occurrence.
Clays which are more or less ~ixtures of silicate of alumina, car·bonate of lime, oxide 'of iron, and other substances, are to be found at
the contacts of the different formations, and at numerous places in the orechambers. These clays are sometimes merely the products of attrition of
the two walls of a fissure, and again have been produced by the decompoosition of igneous rocks or an infiltration from above. S~eatite and talc are
-occasionally met with, but are unimportant
Rarer mineral ••-MOI y bdenite has been detected in the quartzite from the
bottom of the Richmond shaft, and both carbonates of copper (malachite
.and azurite) have been met with in small quantities. As phosphorus has
been found in some of the ores it is highly probable that pyromorphite is

TIlE ORES.

59

though it may exist. It· is not likely, however, that if it formed at any
time it could remain long in quantity uncombined with carbonic acid in the
presence of waters carrying so much of that compound. Wad has been
()bserved in the Phmnix mine and in some other localities; also other forms
()f manganese in diHerent places, and nic~el is said to have been found,
though no specimens have been obtained.
. . . . . cI_IICIIdoa ol--The ores of the district are not accurately classined by the miners, but receive names indicative of their most striking characteristics and the popular idea of the corresponding compOsition. It may
be well to describe some of the more important varieties. Most of the ore
bas a reddish or yellowish color, due to the presence of oxide of iron, chloroarsenate, or molybdate of lead. The shades of color vary according to the
. predominance of one or the other of ·these minerals and the quantity of
earthy material mixed with them. .One of the principal kinds of ore is composed of a hydrated oxide of iron mixed with some sulphate and carbonate
()f lead and containing intermingled grains and lumps of undecomposed
galena. This ore is often called "red carbonate." It usually carries about
equal values of gold and silver, from $25 to $50 of each per ton, though
sometimes the gold is considerably in excess. Another variety is the "yellow
-carbonate." This term is a.pplied in general by the miners to any ore of a
yellow color which contains lead. It beJongs particularly, however, to a
very characteristic ore, which is a mixture of the hydrated oxide of iron
with the sulphate and chloro-arsenate of lead in varying proportions. The
ratio of the silver to the gold in this ore is not at all uniform; ~ometimes
one metal, sometimes the other, being in excess. The value of both metals
does not usually exceed 8100 per ton. Another variety of "yellow carbonate" is that which owes its color to the molybdate of lead mixed through
it. As the molybdate of lead usually carries but little silver and less gold,
this ore is not very rich unless it contains other minerals bearing the
precious metals. The so-called "sulphuret ore:' of the miners is an almost
pure crystallized carbonate of lead. It is grayish in color, and consists of
aggregated crystals of cerussite. It is sometimes quite rich in· silver, assaying as high as $125, but like all the lead ores proper is poor in gold. There
.are several varie~ies of red ore, consisting principally of the hydrated oxide

.
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of irOll, with a little lead and silver, which are tolerably rich in gold. There
is usually nothing in their appearance to indicate their value, and it is only
by constant o.ssaying that it is possible to determine what they are worth.
, Quartz ores, especially those carrying quartz in visible crystals, are
uncommon, except in the Eureka Tunnel and some parts of Prospect Mountain, bnt when found they are usually rich in gold and poor in silver and
lead. There is a porous crystalline quartz ore found in some places in the
Richmond mine, fro!ll which 888ays of over $300 per ton (.c)4~77 per cent.) in
gold, with but a few dollars in silver, have been obtained. The sulphuret
ores usually consist of a compact mass, composed of pyrite, arsenopyrite, galena, and bIen de, and vary very considerably in the amounts of silver and
gold that they contain. The miners do not as yet distinguish different varieties by name.
Analyala or Richmond oR.-The following analysis of ore from the Richmond
mine for the year 1878 will serve as an example of the ores from all the
mines of Ruby Hill, which greatly resemble each other b9th as regards
quality and the minerals which compose them. The sample analyzed was
an average of all the Richmond ore worked- at the furnaces' of that compa~y during the previous year, and the analysis was made by Fred. Claudet,
of London.Percent.

Percent.

Lead oxide ...... o.
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Copper oxide.
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.G
Magoesia .... ••..•......
Water and carbonic acid. 10.90
Silver and gold ... " . . . . .10
100.52

27.60 Troy onnce.s- 8iIver per ton of 2,000 pounds.
1.59 Troy ounce.s' gold per ton of 2,000 pounds.

Although this analysis does not show all the ~ubstances that are ~res
ent in the ores of the Richmond mine, yet it represents the most important
and principal ones. One of the remal'ltable features of this ore is its freedom from earthy material, the total amount of silica, alumina, lime, and
magnesia that it contains being but 5.14 pel' cent. That it should contain
but a small quantity of silica is but natural, as there are no highly silicious
rocks immediately connected with it, but that it should carry such a small
percentage of lime and magnesia, occurring as it does almost wholly in a
limestone formation, is a fact that it is somewhat difficult to account for.
Whatever the source of the ore may have been, it is evident that it was
deposited almost entirely free from earthy material. The hydrated oxide
of iron may be regarded as the gangue of this ore.
DiacuRlOil or the ualyal••-Upon examining this analysis it will be noticed that
the lead has been estimated in the form of oxide. The lead, however, is
present in the form of galena, carbonate, sulphate, molybdate, arsenate, and
chloride, the chloride being combined with the arsenate in the mineral
mimetite, which is of frequent occurrence in the ore. The mineral pyromorphite may be present in the ore, but it has not been detected, although
there is a trace of phosphoric acid present. Lead is also present in other
forms, but as they represent in the aggregate but a small proportion of that
metal they may be regarded as merelyaccessory It is difficult to estimate
of the different lead minerals t'1\!'1rQ1l'H:ln
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occurs in the form of blende (sulphide), calamine- (silicate), and probably as smithsonite (carbonate). It is most common in the form of calamine. Manganese occurs mostly as wad. Arsenic is almost entirely combined with lead as arsenic acid, and the same is most likely the case with
the small percentage of antimony which the ore contains.
In the above analysis it will be seen that the sulphur has been estimated almost entirely as sulphuric acid, although it is partly combined with
lead in the form of galena. Most of the sulphuric acid is combined with
lead, though to some extent it is no doubt combined with calcium. Silica
is present in the form of quartz principally ~nd combined with iron and
aluminium. The calcium and magnesium are present, combined for the most
part with carbonic acid.
.
The silver is found in the form of chloride and sulphide, and the gold
exists in all probability in a finely divided metallic state. In this analysis
no account has been taken of the chlorine, and for some unaccountable
reason molybdic acid has been omitted. It must have been present in the
ore analyzed, as wulfenite is a common mineral in the Ruby Hill ores. The
footing of the different elements in this analysis amounts to 100.52, but it
would be considerably less if a portion of the sulphuric acid had been estimated as sulphur, which would leave room for several substances which are
unquestionably present.
In a qualitative analysis of the Ruby Hill ores, Dr. Melville, of the
United States Geological Survey, detected the following elements:
Gold.
Silver.
Lead.
Oopper.
Zinc.

Aluminium.
Calcium.
Ma.gnesium.
Arsenic.
Autimony.

Lron~

Salpbar~

Chlorine.
Phosphorus.
Silicium.
Oarbon.
Molybdenum.

THE ORES.

I

,

variety of them. As a rule they contain more silicious material, and as a·
class are probably richer than t~ose of the hill. The difference in value is.
in part owing to the fact that the ~eposits are smaller, and although it cannot be said in reference to this district that small deposits in general are·
richer than large ones, yet it is true that the ores brought to market from
Prospect Mountain are more valuable than those from Ruby Hill, inasmu.ch.
as a body of ore of considerable size can be made to pay even when the oreis of a low grade, whereas a small one containing the same grade of ore
would not yield sufficient metal to defray the expense of mining. A large·
number of the mines of Prospect Mountain, howeveT, actually .contain
higher-grade ores than those of Ruby Hill.
Varietlea or Pro.peet Mountain orea.-The ores of the Ruby-Dunderburg mineclosely resemble those of Ruby Hill. The ores of the Eureka Tunnel, on
the other hand, which is at present the principal producing mine on Prospect
Mountain, differ in several respects from those of Ruby Hill. They aremore silicious, an ore occurring frequently which is composed in great part
of quartz; a grea,t deal of the arsenic acid in the yellow carbona~e is replaced
by antimoni~ acid; massive blocks of so-called" black metal," a mixture of
sulphide and sulphate of lead carrying considerable silver (sometimes as high
as $1,000 to the ton), are often met with; carbonate of coppe~ and oxide of
manganese are not uncommon, and quartz crystals are frequently' found
scattered through the ore.
,
The ores of the mines on the west slope of the mountain are noted for
the relatively larger proportion of gold to silver that they contain. Among'
the richest of these are the ores of the Silver Connor and Williams mines.
The ore from the former of these mines contains but little lead. The ore·
of the Banner mine is noted for the large amount of silica it contains. It

OHAPTER VI.
THE ORE DEPOSITS.
Clu.18catiOD or tho ore dopoaito.-The

•

ore deposits of Eureka District, though
they contain gold, can be classed under the head of silver-lead deposits in
limestone The type of deposits to which those of Eureka. belong is one
often met with in the older limestones of the Great Basin, and although
these particular deposits have been of more value, and are more widely
known than any of the others, and exhibit some very interesting structural
features, yet they cannot be said to- form a.n isolated class. An extended
comparison of these deposits either with similar on~s in the Great Basin or
with others of the same general character elsewhere, does not come within
the scope of this report, but it may be well to present some points, both of
resemblance and difference between them and tne best known examples of
similar types in other mining regions. Although the gold and silver in the
Eureka ores are the metals which render their mining po88ible, yet the
quantity of them present in these ores, measured by weight, is so small, in
comparison with the lead, that a classification based upon these metals alone
would be misleading. As in many of their features they resemble other
lead depoilits in limestone, it seems best to regard them simply as lead
deposits, in which the gold and silver are merelyacoos80ry, though very
important ingredients. All lead ores carry some silver, and with it some

THE ORE DEPOSITS.

65

of argentiferous galena with antimonial and arsenical combinations and
pyrite and the decomposition products derived from these minerals. Com-.
pounds of ('opper, zinc, and other metals occasionally accompany these
ores. In by far the greater number of instances the oxidation has been
carried to a great depth, sometimes reaching or exceeding 1,000 feet. The
extent of this oxidation is in a great measure due to the absence of any
large quantity of water un~l considerable depth is reached. The characteristic gangue of these ores is the hydrated oxide of iron with more or less
calcite. Quartz is rarely found in any great quantity, except where the
deposits occur in the form of contact lodes between limestone and porphyry, the quartz being probably derived from the decomposition of the
porphyry. An example of such lodes is offered by the 2 G. mine in Tybo
District, Nye County, Nevada. It is found to be more profitable to reduce
all these ores by smelting than by any other process. Among the principal districts where such ores are found may be mentioned Eureka, White
Pine, and Bristol, in Nevada; Cerro Gordo, in California, and Ophir, Big
Cottonwood, and Little Cottonwood, in Utah-all of which occur in Palreozoic rpcks, though in some cases, at all events, the deposition of ore is
referable to a much more recent era.
Depoelta or the Upper Mlulaalppl.-The lead deposits of the Upper Mississippioccur in dolomites of the Lower Silurian. The ore is found in caves, in
openings between the strata, and in so-called gash veins. The stratification
of the country rock is fiat, and it shows scarcely any signs of dynamic disturbance or alteration through chemical causes even in the neighborhood of
the ore. The lead is found almost always in the form of galena, accompanied by limonite and occasionally smithsonite (zinc carbonate) and blende,
rarely by pyrite. Calcite and barite occur, but quartz and combinations of
lead with arsenic are not met with. The galena contains but traces of sil-
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tions or otherwise, and that substitution of minerals for country rock played
no important part. With regard to the age of the country rock and the
occmrence of limonite with the galena, these deposits resemble those of
Eureka District, but in other respects, such as stnlcture and manner of ore
deposition, they differ widely.
Depoaita of Miaao~ri.-The lead deposits of Missouri and Arkansas also o·ccur
in the dolomites of the Lower Silurian. The ore is galena, with but traces
of silver and gold. It is often accompanied by calamine (zinc silicate) and
limonite. It is found in nests in clay, also in beds as fine impregnations in
the calciferous limestone, as well as in flat masses between the strata. In
the flat veins cerussite occurs. Galena is also found in impregnations in
dolomite and in cavities and caves mixed with gravel, zinc ore, clay, and
barite. Calamine and some blende, as well as barite, almost always accompany the galena. Quartz crystals are also found. The _occun-ence of these
deposits is very similar to those of the Upper Mississippi, but very dissimilar to those of Eureka.
Depoaita of Leadville.-The deposits of Lead ville, Colorado, resemble those
of Eureka in a great many respects, as can be seen upon reference to an
"Abstract of a Report upon the Geology and Mining Industry of Leadville, Colorado, by S. F. Emmons."· Mr. Emmons states that the investigations made in Leadville have proved the following facts:
"As regards their origin"1 That they have been derived from aque~us solutions.
"II. That these solutions came from above.
"III. That they derive their metallic contents from the neighboring
eruptive rocks.
"IV. That in their original form they were deposited not later than the
Cretaceous period.
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cal interchange or an actual replacement of the rock-mass in which they
were deposited.
"III. That the mineral solutions or ore-currents concentrated along
natural water channels and followed by preference the bedding planes at a
certain geological horizon j but that they also penetrated the m88S of the
adjoining rocks through cross-joints and cleavage planes.
"And with regard to distribution"I. That the main mass of argentiferous lead ores is found in calcareomagnesian rocks.
"II. That the silicious rocks, porphyries, and crystalline rocks contain
proportionately more gold and copper."
As regards origin, the Eureka and Leadville deposits do not differ, except that in Eureka District the metal-bearing solutions came from below,
and their connection with eruptive rocks is not 88 plain in Enreka. as in
Lead ville.
As regards their mode of formation, the deposits of the two regions
differ only in respect to the manner in which the solutions of minerals were
distributed. In Eureka, also, the lead is fonnd only in the limestone, and
the most silicious- rocks carry the most gold.
The varieties of minerals found in the two districts are similar, but the
galena in Eureka seems to have been more completely oxidized than that
in Leadville.
Depoalt8 of Cumberland and Derby.bln.-The lead deposits of Cumberland and
Derbyshire in England are found in the Carboniferous limestone, between
the strata of which there are masses of porphyry,. which in that country
are called "toadstone." The ore is found in fissures which cut the strata.
With these fissures pipes, caves, and other irregular openings containing
ore are more or less closely connected. Flat bodies or beds are also found
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productive in the overlying millstone grit and slate. With the exception
that the fissures themselves are not often ore-bearing and that almost all
signs of stratification have been obliterated in Eureka, there are strong
points of resemblance between the Nevada deposits and those of Cumberland and Derbyshire. The galena in the English ores- never contains over
$31.70 (0.1 per cent.) of silver to the ton of 2,000 pounds, and it is usually
poorer. It is not often accompanied by blende or pyrite. Fluorite and
barite, as well as calcite, are common; but quartz is seldom found.
Depoelta of Weatpbalia.-The ore deposits of Eureka resemble those of West. ph alia " in a few respects. The ore in the latter locality is found in irregular masses, which are all more or less connected with fissures or breaks associated with slates and limestone. It occurs only in the limestone and
never in the slate, and it .is evident that. in both regions the nature of the
country rock has had an immediate effect upon the deposition of the ore.
Depoalta of Upper 8I1e.Ia.-Th~ deposits of Upper Bilesia,o in which calaminn
is the prevailing ore, although they have some points in common with those
of Eureka, are, on account of difference in structure and variety of minerals, more widely removed from them than most of the lead deposits.
Depoalta of Ralbl.-The deposits of Raibl, in Carinthia, so fully described by
Posepny,· have considerable similarity to those of Eureka, and although
they are principally interesting on account of the bearing they have upon
the theory of substitution of ore for limestone, yet a general description of
them may be found useful here, as showing some physical characteristics
which they have in common with those of Eureka. According to this
author the deposits are found in a thick belt of ore-bearing limestone
(erzfuhrender Kalkstein), which overlies a calcareous tufa and underlies
slate on the southern slope of the Alps. The strata pitch gently to the
south. The upper portion of this ore-bearing limestone is more or less
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layers. They have sometimes the form of lodes, sometimes of beds,
and are often very irregular. The galena deposits are found principally
in the dolomite and the calamine" deposits in the limestone. This formation is cut up by numerous fault-fissures (Blatte) which have a northerly course. TheRe correspond exactly with those found in the Eureka
mines, and are scarcely more than seams in the rock. The ore deposits
are found along them, sometimes on one side and sometimes on the other,
the enriching of the ore-bearing limestone seeming to depend upon ~he
presence of fissures and the dolomite slate. Occasionally the ore deposits take 011 the character of lodes along these. fissures, and sometimes
they are connected deposits of very irregular shape. The stratification of
the ore-bearing limestone is indistinct and inJhe neighborhood of the fissures
it is crushed and broken. The lead ores are poor in silver. Further reference to these deposits will be made when the theory of substitution is examined.
AceoC the depoaltalu rel.tlouto the form.tlou.-The deposits of Eureka, as well as
all those which have been mentioned, are unquestionably of later formation
than the limestone or dolomite which conta,ine~ them, and though but few
of them can be reckoned among the lodes in the narro,,!,er sense of the
word, yet they are all so intimately connected with fissures, crevices, and
seams that they unquestionably owe their existence to the presence of
fissures.
The discovery of a prototype for the deposits of any particular district
is hardly possible,· as no two portions of the earth's crust present exactly
the same geological features, and if any two such existed there is no probability that they would both be ore-bearing, or, if they were, that they
should have been supplied with ore by precisely the same agencies. The
occurrence of silver in paying quantities with lead ores is very cOI?mon,
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are some of them which can be termed fissure or contact veins, but in most
cases they are very irregular in form, and are better described by the German word "Stock" than by any mining term used in English. The word
"pipe" can be applied to many of them, bnt in its ordinary use a "pipe"
implies a "rake," while the ramified structure of the Cumberland deposits
is rarely well marked at Eureka. They are often lenticular. This term,
however, cannot always be used to describe their form, as they have 01£bhoots in all directions. Any classification, however, which is dependent
on mere differences of form must be more or less imperfect.
8ha;e of tbe depomta.-The deposits sometimes spread out int.o immense chambers that measure more than fifty feet in each direction, and which are completely filled with ore, with the~xception of an occasional cave or limestone
pillar. From the sides of these chambers, which scarcely ever present
smooth walls, tbere are branches, and auxiliary pipes lead up or down, or
in a horizontal direction, to other bodies. The ore bodies do not seem to
follow any particular direction, either as regal'ds dip or strike, and at first
sight they appear to be distributed throughout the ore-bearing formation
without any regularity. This is not wholly the case, and although no welldefined law can be found governing their occurrence, this is co~nected with
that of certain phenomena in the country rock, 8~ch as fissures, caves, and
broken limestone.
RelatiOD of tbe depoaita to tbellmeatoDe.-The distribution of the ore has been determined almost entirely by the physical charactel' of the limestone in which
it is found, and not by any chemical or mineralogical differences in the rock.
In other words, whether the limestone was dolomitic or not, and whether it
was nearly pure or somewhat argillaceous, it was always a rock which would
fulfill the chemical conditions necessary to the deposition of ore. Even supposing that dolomitic limestone is generally better adapted to induce deposi-
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is rare. The rarity of this type of regular deposits at Eureka can be
accounted for in a great measure if the extremely crushed cbaracter of the
country surrounding them is taken into account. When the upheaval of
the nwuntain ranges began, the rock was cracked and fissured in many directions, the fissures no doubt extending to great depths and having considerable lateral extent; but as the uplifting and grinding process was prolonged, these fissures themselves were ill a great measure' obliterated and
faulted, new ones of ~ess magnitude ~king their place. This operat~oll
seems to have been carried on until the mountahi was no longer a solid
mass penetrated by great cracks, but was composed of shattered zones of
limestone separated here and there by bodies of unbroken rock. The orebearing solutions entered the rock through the channels of least resistance,
the crllsbed limestone offering less resistance in many places than the main
fissures themselves, and deposition followed in forms of a degree of hTegularity corresponding to the complexity of the preceding dynamical effects.
DlapoaltioD of tbe ore ID tbe cbambera.-The ore in the upper part of larger chambers is mostry in a loose state, sometimes in layers; and is usually covered
by beds of sand, gravel, and bowlders of variable thickness. It is difficult
to believe that this mass owes its structure to any other cause than rearrangelUent by subterranean water currents, thougb it is not likely that the original
position of the material was remote from that which it now occupies. There
is of course every reason to suppose that waters either from the surface or
from below have flowed through these rocks in notable quantities ever since
they were intersected by fissures, but the floods which have left the traces
just desClibed in the upper portions of tbe chambers must be comparatively
recent, since the stratified ore has been rearranged since its oxidation. In
the lower part of the chambers, on the other hand, the ore is more compact
and usually appears as if it occupied its original position.
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the relation that they bear to the secondary or contact fissure between
quartzite and limestone indicate that that fissure has often served as an ore
channel. This is more apparent as the ore is followed downward to the level
at which it takes up the whole of the space between the quartzite and the
main northeast fissure. (See cross-cut to Locan shaft, Plate VIII.) It has
been mentioned that most of the ore bodies in the Eureka lay along the
quartzite and limestone contact; but there has been one notable exception,
namely, the seventh and eighth level ore body. This, with its ramifications, reached to the northeast clay in places and extended from a short
di~tance below the fifth down to nearly the ninth level. It was the largest
single mass of ore ever found on the hill, and from it were extracted over
two million dollars. There have been several large bodies of ore near the
quartzite in the K. K. mine, but, with the exception of a mass near tile sur. face in the Jackson ground, the ore bodies in the portion of the mineral
zones lying southeast of the Eureka have not been very large.
North west of the "compromise line" the ore has been found on the
quartzite in only one place, viz., above the fourth level of the Ricllmond
mine near that line. A reference to the v81ious horizontal secti<>ns (Plates
XIII. and XIV.) will also show that the mineral zone or the wedge of limestone between the two fissures is small in this part of the hill. The surface ore
bodies at the Champion, Buckeye, and Richmond claims of the Eureka and
Richmond companies were of very considerable extent, but at the present
time it is difficult to say how much ore was extracted from them, as the
workings have caved in many places and are inaccessible. In fact, exact
d,ata in regard to the quantity of ore extracted from any of the ore bodies,
except those of the Richmond, are wanting; but as they are not nece88ary
to a geological discussion of the Ruby Hill deposits, they can be dispensed
with.
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mountain has been much less than those in the hill, and the caves have been
smaller and 1MB numerous.
Fl..ure..ndraulta.-Both Prospect Mountain and Ruby Hill are traversed
by numerous fissures or faults. The more important and persistent of these
follow the course of the axi~ plane of the anticlinal fold, which, in the case
of Prospect Mountain, has a north and south course, and in the case of
Ruby Hill, a northwest by southeast c,:mrse, and dip away from it. There
are, however, a great number of cross-fissures. The former seem to have
been faults accompanied by upward movements, while the latter show that
there has been lateral as well as vertical pressure exerted during their formation. . As a rule these fault-fissures are mere seams, although they may
extend several hundred feet in every dire"ction. Sometimes, however, they
are of considerable width, and have been partially filled with bowlders
broken from the walls and debris washed in from above. They occasionally contain ore and in several cases assume the appearance of fissure veins.
Where fissures containing lead ore occur in limestone in Cumberland, Derbyshire, and in many parts of Europe, the country is very much less disturbed than it is in Eureka, and the mountain folds are much less sharp.
Examples of fissure veins are not absolutely wanting at Eureka. There is
one in the Banner mine wbich crosses the axis of fold of Prospect Mountain, and is remarkably regular for a lode in limestone. The east ore body
of the Richmond mine bE!gins in the Tip Top claim, one of the location
claims of the Richmond Company, and extends down to the Potts chamber
on the "compromise line." A fissure seems to exist through the entire area
thus indicated, and though the ore does not always fill the fissure and though
the fissure itself often shrinks to a mere seam, the whole occurrence can
properly be regarqed as a fissure vein. In the Ruby-Dunderburg there is
an instructive deposit which in som~ portions fills a clean-cut fissure a foot
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caves are by no means always accompanied by ore bodies. They resemble all caves found in limestone, and have been produced, in part at any
rate, by the solvent action of water carrying carbonic acid. These waters
passed through fissures and cracks, enlarging them, and dissolved the limestone, especially where it was crushed and broken. The finely c1'Ushed
limestone was dissolved first, and the large fragments and bowlders settled
down and were finally either completely dissolved or remained in the bottom of the caves. This action was naturally most cOllsiderable at those
points where the .best opportunity was afforded for the free otrculation of
the water, and as the limestone was 'not uniformly shattered, and as the
different varieties of rock did not offer equnl resistance, the openings formed
\vere of a very irregular character. ' The roof and sides of the. caves are
sometimes entirely bare and only show the characteristic surfnce which resnlts from the action of l1. solvent. Deposition of calcium carbonate, however, as well as its solution, has taken place on a large scale and is still
going on. The roof and sides of most of these caves are covered by aragonite crystals, and ill some of them crystals of this mineral are still forming.
Connection of on bodlea and Iluur...-In the neighborhood of seams the limestone
is often crushed to a powder or is broken into fragments, which are occasionally cemented together by calcite, forming a breccia. This fissnred and
crushed country gave ingress to waters both from above and below. The
slllface waters, owing to the carbonic acid which they contained, had a
solvent action upon the limestone, and those from below carrie.d ores in solution, which were, at least in part, substituted for the limestone. The
waters from both these sources removed limestone, which was again deposited when the solutions became supersaturated. The question whether
the caves were partially formed before the deposition of the ore, during
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rections. They are sometimes round, and again tabular, and are found with
and without rnmifications. There are pear-shaped deposits and pipes round
and flat, irregular and symmetrical. A common form is that of a bent sausage somewhat flattened, and both ends downward. In fact, the form of the
deposit has been governed by the permeability of the rock. Although these
deposits are of all shapes and sizes, taken as a whole they have a downward trend; that is to say, they extend farther in depth than they do laterally. Some are found lying nearly flat, like bed veins, but this manner of
occurrence can usually be accounted for by the hardness and insolubility
of the underlying rock. The ore bodies at first sight often seem to ha,'e
no connection with any fissure or channel through .which they could have
been filled, but such a connection has been demonstrated in so great a
number of cases that it may be presumed to have existed in all.
In by far- the greater number of instances this fissure has led to the
discovery of the ore body, or its existence has been shown in the wOl'kings
subsequeut to the discovery. In some it has been closed by pressure, in
others it has not been revealed by the explorations of the miner, who naturally does not think it necessary to follow every' small crevice or opening
which he may encounter. This connection of ore bodies with fissures is a.
very important one, as it throws a great deal of light upon the nature of the
deposits, and although the fissure may apparently be very insignificant and
nothing more than a seam in the rock, the crushing and rending of the limestone in its neighborhood attendant upon its formation have given the metalbearing solution an opportunity of penetrating the rock, and although the
fissure itself may not have been the ore channel, the formation of the ore
bodies has been dependent upon it.
Exampl. of COliliectloD8 betweeD or. bodiea IUld fluun8.-N umerous examples of an
evident connection between ore bodies and fissures are to be found in this
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exhibit similaz features as regards fissures and ore bodies if they were more
carefully examined.
The main fissures which follow the axial plane of the fold show that
there W~ a zone of crushed rock produced in the country parallel to them.
The dissplving waters followed this zone and often penetrated to a considerable distance laterally. When there is more than one fissure in such a
zone it is a matter of great difficult; to decide which one ought to be considered the true ore carner or decisive factor in determining the present
arrangement of the deposits. Several fissures may have been instrumental
in determining the ore channels.
RelatJveaceaoffi..ureaandorebodiea.-Although most of the fissures with which
ore bodies are connected were unquestionably formed before the deposition
of the ore, yet there are some few which may possibly have been marle
since its deposition. It is a very difficult matter, where_ there are no signs
of stratification in the country rock, to tell whether a fissure has faulted an
ore body or not. When t~o ore bodies are found at some distance from
one another and on opposite sides of a fissure, it -by no means follows that
they were originally portions of a mass which has been faulted by the
fissure. The two ore bodies may always have been distinct. There cannot have been much faulting since the deposition of the ore, for fissures, the
existence of which prior to the deposition of ore cannot be disputed, show
very few signs of any displacement.
The partial falling in of caves and the mixing of bowlders of limestone
and ore near open fissures does not prove that there was any considerable
motion of the country. The roof of the big cave between the ninth and tenth
levels of the Eureka is falling in from time to time, but this is probably due
to the chemical action of water loosening blocks of limestone, and the mixing up of ore and limestone in the northwestern portion of the Richmond
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or of loose sand. Its nature, the position it occupies and its struc~ure show
that it could only have been brought into its prt>sent place by the aid of
water. It is to be looked upon, therefore, as I!implya wash from higher
points which has filled the cavities and interstices of the rock formed by
dynamic and chemical causes. This wash frequently accompanies large ore
bodies, and is usually found adjoining or overlying the ore, and although it is
not an infallible indication of its presence, it is one which is not to be overlooked. The two-million-dollar ore chamber on the eighth level of. the
Eureka mine was discovered by following such a wash. This body extended
up above the seventh level and down nearly to the ninth, and covered a great
deal of ground with its ramifications and pipes. On the other hand, there is
a very large mass of material of a similar origin, in tbe form of fine sand,
on the fifth level of the Phamix, which, although pretty well prospected, has
not led to any discoveries. These washes are more frequent at or near the
surface, but are found down almost to the water' level.
DeacrlptioD or east ore body.-It has alrt>ady been remarked that the quartzite
and limestone contact in the Richmond ground bends to the west, and the
fissure that accompanies it continues with the nalTOW band of quartzite on its normal northwest COU1'se. Parallel with this fissure there is a system of
fissures which extend from near the surface at the Tip Top incline down
to the tenth level of the Richmond mine. These were accompanied by
ore chambers which form an almost ,continuous body down to a point a
little below the seventh level of the Richmond. Below this point no ore
has been found in the Richmond in this part of the mine, although there
is a well-defined fissure extending to the tenth level. From the position
which this fissure occupies, however, it is almost certain that it is the Ruby
Hill fault, and it is very probable that the system of fissures mentioned
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of ore bodies which are found at the contact of quartzite and limestone in
the Eureka ground.
De.criptioD of we.t ore bod),.-The west ore body, as the second system of
chambers in the Richmond mine is called, begins near the sun'tee in the
Eureka ground in the neighborhood of the "compromise line." These
chambers are all connected with one another in some mnnner, and most of
them are connected with a system of fissures. It pitches nOlth, and as
depth is obtained passes through the Richmond and enters the Albion
ground. It lies under and northwest of the east ore body, and does not in
any place connect with it or directly with the Potts chamber. Nevertheless, as the upper part of the west ore body lies on or near the quartzite in
the Eureka mine, and as in this mine ore is traceable along the quartzite
to the Potts chamber, the two ore bodies are indirectly connected. The
positions of these ore chutes can be seen in the vertical cross-sections,
Pla.tes IX. to XII , and in the elevation, Plate III. From them has been
taken very nearly one-half of the ore extracted from Ruby Hill.
ConDectioD of ore bodl•• with deprealoDa lD the qaamlte.-As has been stated in Chapter
IV., many of the ore bodies in the Ruby Hill mines are intimately connected with sags or depressions in the quartzite j and the manner of formation of these basins was there described. That large ore bodies should be
of frequent occurrence in these depressions is not strange when it is remembered that the limestone in them was in a shattered and crushed condition,
and that the quartzite, with its casing of clay, served to a certain extent
to confine the metal-bearing solutiens to this limestone m8.88, where large
quantities of those solutions were probably allowed to settle quietly and
deposit ore. It was in these basins that the conditions most favorable to
orE:' deposition were found.
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lie near that rock in the portion of the mine above the water level There
is, moreover, a large block of undisturbed ground, which has already been
described, page 32, and which in a measure separates the west ore. body
from the crushed limestone near the quartzite. It is difficult to tell exactly
how this undisturbed ground deflected the ore solutions, but it is likely that
it was one of the plincipal causes of the arrangement of the ore bodies.
There are large blocks of ground in the upper levels of the Richmond mine,
near the quartzite, which have been incompletely explored, and it is by no
mea.ns improbable that new ore channels may be revealed and important
ore bodies may be discovered by careful prospecting in that direction.

•

•

OHAPTER VII.
THE SOURCE OF THE ORE.

depoelta.-One of the most important inquiries
connected with the geology of the Eureka District relates to the source of
the ore, for a successful solution of this problem would afford information
valuable in the search for further deposits, besides possessing great scientific
interest. A discussion of the various theories which have been held in regard
to the formation of ore deposits in general, some of which might be found
applicable to the Eureka deposits, cannot find a place in this report, but it
may be well to mention the only solutions of this problem which are in any
way warranted by the facts which have been observed. These are: First, a"
deposition of the ore in small particles simultaneously with the limestone,
the ore being afterward segregated into nearly isolated bodies, either by
chemical or mechanical action; second, 8 segregation of the ore in the
limestone from the country rock on either side of it; and, third, a deposition
from solutions which came from below.
Relative time at which the mlaerala were depoelte4.-Although the periods at which the
different minerals which compose the ore bodies were brought into their
present position may have been separate and distinct, it is highly improbable that such has been the case, a.nd it is not likely that some of them
should have been segregated from the country rock, and others either have
been washed in from above or brought up in solutions from below. Evidence against this last supwsition is not plentiful in the oxidized ore masses,
where the original position of the ore has often been changed by the flow
Theorle8la nprcl to the rormatloa or ore

SOURCE OF THE ORE.

81

it is difficult to conceive of a derivation from different sources without a
difference in the time of deposition, which would necessarily result in a
variation in the character of the ore.
lIebl. c:oDtalDecilD the C:OUDUy roc:k.-There is a sharp distinction between the composition of the ore and that of the inclosing rock. Iron oxide forms the
gangue of the ore bodies, and about one-half of the ore is composed of'
that mineral, the other portion being made up of lead, arsenic, sulphur,
zinc, silver, carbonic acid, etc. The first four of these substances do not
seem to occur in the least metamorphosed limestone, and only appear in the
more altered limestone in small bunches and seams in the neighborhood of ore
bodies. There is a large block of stratified limestone on the sixth level of
the Richmond, which is very little altered, and it shows no evidence of ever
having contained any quantity of the metals enumerated above. It is hard,
compact, and crystalline-granular. It is distinctly stratified, and has been
c~mparatively little disturbed rfhe highly-altered limestone, on the other
hand, contains notable quantities of some of these metals.
Ratio of the ore to the IlmeatoD••-As close a calculation as possible has been made
of the relative proportion of ore to limestone, in order that some idea may
be formed of what percentage of the metals that rock must have originally
contained if the ore had been uniformly distributed in small particles
•
throughout its mass. The ratio of the limestone to the ore extracted from
that portion of the mineral zone situated between the main fissure (the
Ruby Hill fault) and the contact fissure, between the quartzite and limestone in the ground so~theast of the Richmond shaft, is about 100 to 1.
In the mineral zone northwest of this shaft the ratio of limestone to ore is
somewhat greater. If a reduction of one-half is made for large bodies of
low-grade ore which up to the prese~t time would not warrant extraction,.
and for yet undiscovered masses, of which it is but reasonable to suppose
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Amouat of .lIver ia tbe coualry rock.-Among all the assays of country rock made
only one over 50 cents was obtained, and that was in the immediate vicinity
of a large ore body, near the sixth level of the Richmond mine. The farther from an ore body a sample is taken the poorer as a rule is the limestone, as will be shown hereafter when the assays are examined in detail.
Fifteen cents in silver is a remarkably high assay to be got from stratified
limestone. That rock lying near the shale outside of the main fissure contains scarcely more 'than a trace of the precious metals. Suppose the

FIG. 2.-Plall of main drift and cl'08II-drift,600-foot level, Richmond mine.

Scale, 400 feet =1 inch.

calculation made above to be incorrect, and let the possible value of the
limestone be reduced to one-half, or 40 cents, this amount would still be
very considerably in excess of th~ average value of even the crushed and
most altered rock, and very much greater than the highest assays obtained
from unchanged limestone.

•
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were made the continuity of this ore chute with but a few breaks has been
est~blished nearly down to the ninth leveL The preceding diagram, Fig.
2, explains the positions of the ore bodies and their relations to the country rock.
Firat aerie. of ••••y ••-The Arabic numerals on the main drift refer to the
numbers of the first series of s~mples which were taken for assay. The
positions on the drift from which the samples were taken are marked by
black dots. The samples were ~en every 25 feet, and the subjoined
list describes the character of the rock and its assay value in sih·er..
LIST No.

~.

------------No.

1

Deecrlption. _ _ _ _ _ \

.

Blueebale .......••••..••........... _...• _... _...
BLACK 8T1UoTIPlBD LlJOIIIT05&_

~l.

_A._v_e_lB_gt'L_

i Centa.
i

6

I

I

Yellowiah broken limestone... . .. ... . • . . ••• •. . .• ,

2

1-121
: -~:,a~:~~~.~~~-~:::::::::.: ~}:
~I
a ..•. _do •••..• _••... _...•. __ •• _•..•••. _•••..•••••• _·1
Same blacker .. _...............••• _... _.....•••. _
7 Same somewhat foliated __ . __ • _•....•.......••••• _
8 •••••• 110 •••. _•••••••. _•• _•• __ • __ •••••••••••••••••••

II

181

12}' 13
It
16

CBI18ID:D BBOKU LUDIII'l'OIIL

II
10
11
12
13
14
1:;
16
17
18
111

: Broken friable white limestone _.•. _.• • .•...•••..
Broken friable sparry llmestone ............••••..

I

Brok"n friable black limestone ••.... _•.••.••••• _
: ••••• _do ••••••.••. _•. _ _. _•• __ . _•.••••••.••.••••••

! Brokrn f,lable ypllowiBh.black limestou .. _•.•... '
I Broken friable wblte limeetone ..•..... _••••.•... _

Same darkor ••••••.•••.•.•.•.•••••..•.••••••••••••
Broken friable brownlah limestone ......••...•••..
I Broken friable blacklah limeetone •••••••••••••••.
Brokon friable highly oryatalUDe llmeatone •.••••.
' Same more compact. . .. . ...•..••...••••.••..•••.. ,
20 Friab... wbite limeatODe .•.• .'•.....••.•.

141

21

22

Compact wblte limeatODe __ •.•••••.

!LIB
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List No. l-Continued.

INo.1
;

:=

Deecrtpttcm.

,-'

I

A:nap..

1

--1BLACIl BTUTIFIIID UJIDTOD.

c..u.

&1

1 .fW I Compact cry.talllne black JimeetoDe...... . ....•..
36 , CompKt cry_ulline whlte.taIDed limeetoDe······ 1
M Compect cry.tailine bluk IlmeatoDe ......•..••••.
S'il •••••. do .....••..•••••••••..••...•..••.•..••..•••.. :
38 , .••••. do ••....•... •••... .•.••.... ..•••.•..••.. .•..

188ll,

If

10

1

15

1

8I

BLACIt B&OUlC UlIIUTOlIL

.. Brokea black lime.toDe...... .. . . .. . •••••• .•• . ... :
60 Broken yellowlah .t&iDed limeetoae •••••••••••••• 1

-~ :~~~:: :':~~~~~~~·~:::::::::::::::I

:

111

-ye.-The Roman numerals on the northeast side of the
main drift cOITespond to another set of sa~ples which were taken in the
same drift at the designated spots. This second set of samples was taken
in order that a comparison might be made between the assay values of the
limestone and the electrical phenomena obseryed by Dr. Barus at the same
points. They are only given here that as many assays as possible may be
brought to bear on the question of the impregnation of the limestone, and
will be referred to in more detail when the results of Dr. Barns's work are
examined.
SecollCl

nrte.

01

LIST No.2.

No.

----------------o..t..

~ :::~~~~·b~k·~~~·~~~:::::·1

m

IV
V
VI
vn

vm

Bame 1_ .taIDed, with CIIlclte •.•••••••••••••••.
BrokeD friable white llmeltoDe ••••••.•••••.•••.
•••••. do •••••• ••••••.••. .•••••.••.• ••••••.••..••.
.••••• do .•••.•. ••••• .••••• .••••••.••... .•••••••..
&me .Ughtly .t&iDed •••••••••••••••••••••••••.
Same very

6
11 }
12

•

III

10
12
10
II

101
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Thlrdaeri.aor~ya.-A

third set of samples marked with dots and numbers
on the diagram was taken from the cross-drift, and the result of the assays
with a 'description of the samples is annexed.
LIST No.3.

o-t..
1

Blue ahale ........................................ ..

5

1ITIIATIl'ID LIIIU'IOn.

2 G..yiah limeatODe ......................... " ••••••
8 Bard black limeatolle, with ealcite and red apota .••.
...... 40 ............................................. .
6 G..yl8hlimeatODe .................................. .

15
8 }
8

II

9

BBOKD DD CBUllIIIID LDDII'IOn.

8
7
B
II
10

Cnuhed black lImeatone, with calcite ............ ..
Same more brokeD ad etalned .................... ..
WhIte bnct-.lated lIme.tone ellchtly ItalDed •••••••.
Same, batacRer .................................. .
.s.me .. No.8 .................................... ..
11 Compact calclte ellghtly .talDed ... ... ....... .. .. ..
WhIte CI1lahed lbneetone ......................... ,
18 ,...... 40 ............................................. .

121

:171I.;:~~~~~=~:~~::=:::::::::::::::

G..ylah, very much broken lImeatone •••••••••.••..
18, SImilar, butpulverbed ........................... ..
19 Similar, but blul.h ............................... .
20 Yellow aud reddiah 80ft broken IlmeatODe •••••.•••.
21 Blul8b, acmewhat broken .......................... .
22 Same more broken ................................. .
:l3 ...... do ............................................. .
~
J)luiah atalned lImeetone .......................... ..
25 Same more broken and atalDed ................. , ... .
\Ie Bard white sparry stained llmeatoDe .............. ..
27 Soft yellowl.h broken lImeatODe .................. ..
28 Sot\, taken Dear No. H 0' I.let No. 2 ............... .

IDI~••loD or ....,.•.-None

:

15 }
III

15 }

:1

171

,

15 }
11
18

181

12

: Jt
23
~I
15
15

1

!>
II 'J
28'

18

19l

of the specimens of limestone assayed contained
any om; at least none that was perceptible to the eyes and they had the
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ferric oxide, is usually the richest. There are several exceptions to be
noticed in these specimens, but they do not seem to be sufficient to affect
these general results. Although it has not been possible to fix with certainty on any particular variety of limestone which is to be regarded a.s
the poorest, or richest, its contents in the precious metals bearing no very
definite relations to ita physical properties, yet it is usually possible to form
some idea of the value of a piece of rock from its appearance, the crushed
and stained varieties being usually the richest. It will be noticed that the
specimens taken on either of the lines leading up to their junction below
the large ore bodies do not show a gradual increase in value as the ore is
approached. The want of regularity in this increase is owing to the facts
that there is no uniformity in the character of the limestone, and that there
appear to be zones of rich and poor rock crossing the course of the main
drift and cross-drift. The existence of such zones cannot be fully established by the number of assays that wel'e made, as the limestone is constantly changing, and a rich piece and a poor piece a1"e often found side by
side; still the variations of certain groups of assays from the general average indicate that such zones exist.
Sample No.3, in the first list of assays on the main drift, shows 34
cents in silver. This is an extraordinary amount to be obtained from limestone within the stratified zone, but although other samples were taken
from the same spot no second such assay was ob~ined. It is abnormal,
and it would have been struck from the list had it not been deemed proper
to give the assays exactly as they were taken, although in reckoning the
average assay value of the stratified limestone (Nos. 2, 4, 5, 6, 7, and 8) it
has been omitted, as the other samples which were taken afterwards in the
same spot were less than the average (12t cents).
The average of the next five samples, from 9 to 13 inclusive, which
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is only 9f cents. The f~ur samples, 39 to 42, inclusive, are in the broken
limestone just below a large ore body, anSI their average is 19t cents. The
samples which are marked on the map with Roman numerals do not show
any remarkable changes until No. 13 is reached, which was taken from
near No. 42 of the other list. It assayed 65 cents, and an average of nine
other samples taken in the drift southeast of this point showed 17* cents.
These samples were not far removed from ore bodies. Although the
samples in list No.3, taken in the cross-drift, do not show a uniform increase
in metallic contents as the ore is approached, yet they indicate that the
rock in the neighborhood of the ore is the richest on the average. The
stratified limestone which lies outside the main fissure in this drift averages
but 9 cents. The shale is invariably of low grade, the highest assay obtained being only 6 cents.
Reaulb.-From the foregoing facts it will be seen that it is scarcely
possible that the ore bodies could have been formed by segregation from
the surrounding limestone. Had such been the case all the metals composing the ore bodies would have been found in appreciable quantities in the
least changed limestone. The assays prove moreover that the silver in this
rock was in all probability an impregnation accompanying the deposition
of the ore bodies and was not an original constituent of the limestone.
8el(ftptiOD from the lIm••toDe.-1f the ore had been collected in its present
position by segregation of any kind, there would have been innumerable
places in which minute clusters and bunches would have been formed, and
the limestone, instead of being perfectly barren or practically so for great
distances in all directions, would have exhibited here and there at least
signs of ore. The large caves and pipes are not the only openings to be
found in the mass of limestone. There are openings of every size and
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before the formation of the ore bodies. Had segregation taken place at all,
it must have taken place througAout the mass of limestone; and it is very
difficult to conceive of metal-bealing solutions or ore in any other form
traversing hundreds of feet of .limestone, offering every opportunity for the
deposition of ore, and passing across fissures in such a manner as to leave
no trace of their passage in many of the openings which must necessarily
have been in their course, if they were derived from the country rock; yet
this is what must have occurred, if the theory of segregation were applicable.
Had the ore been segregated, it is probable, too, that there would have been
no well-defined boundary between the country rock and the ore. Such is
not the case, however. The ore is as definitely cut off when it comes in
contact w~th the limestone as if it had been shoveled or rammed into the
caves and openings. The limestone is often impregnated with femc oxide
in the neighborhood of ore chambers, but the dividing-line between the ferruginous limestone and the ore is very plain. The limestone at a distance
of ~ inches from very rich ore often shows no signs of iron or of anything
else that would indicate the proximity of ore.
Sqns.tioD from the ·.~ ••-The shale nowhere carries more than a trace of
silver and gold, and what has been said in regard to a segregation from the
limestone applies also to the shale. Indeed, it is still more improbable that
metal-bearing solutions should have been uninterrupted in their passage
through the clay of the Ruby Hill fault and should not have been concentrated on its hanging-wall side. A derivation of the ore from the shale ~8,
therefore, inadmissible.
8egreptioD from the quansite.-Silver, gold, lead, and some other minerals ha,:e
bee~ found in small quantities in the quartzite, but ores were never obtained
from the latter rock in paying quantities, and occurred chiefly in small
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of the rocks which may have covered, the present surface contain any
heavy metals.
The manner in which the ore entered tbe IIme.tone.-The evidence in regard to the actual
source of the ore is rather of a negative than of a 'positive character. The
theory' of segregation is untenable; and other theories, such as that of a
deposition in beds simultaneously with the c.ountry rock or of an infiltration from above, are not to be .thought of. The only reasonable explanation which can be given of the source of the ore, and the only one which
is not contradicted by the observed facts, is that the ore bodies were formed
by infiltration from below. It has already been shown that the ore chambers are intimately connected with fissures. Some of these-for instance,
the main fissure, as exposed on the- twelfth level of the Eureka, in the crosscut to the Locan shaft-evidently served as channels for ore-bearing solutions, and it is extremely probable that most of them at one time or other
have carried mineral solutions to the ore bodies. All fissures are more or
less connected with the two principal ones, and many of the ore Qodies
are also connected together, and they have in general a downward trend.
All the facts point to an ascension of the solutions, and these solutions were
in all likelihood a result of the solfataric action consequent upon the eruption of rhyolite.
.
Cau.eoftheaolfataricactlon.-It has already been stated that there is a strong
probability, if it is not absolutely certain, that the eruption of rhyolite preceded the deposition of ore. Extensive eruptions of this rock took place at no
great distance from the mines, and, as has been described, a dike of it follows
one of the chief fissures of the mineral zone. The decomposition of this
dike and of other rocks accompanying it, especially the quartz-porphyry, is
such as is characteristic of volcanic regions, and its occurrence must almost
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the period of the rhyolite erupti~ms near Eureka may have covered centuries. The character of the decomposition of the rhyolite is familiar, and
consists largely in the extraction of the heavy bases and alkalies, leaving
siliceous clay as a residue. Sulphureted hydrogen is almost invariably an
accompaniment of vo~canic action, and the alkalies in solution were in part
converted thereby into sulphides. As most of the sulphides of the metals
are soluble in solutions of the alkaline sulphides, a vehicle was thus formed
for the transportation of any ~f those metallic sulphides which might lie
present.. Those sulphides, or compounds which would yield them, might
have formed constituents of the rhyolite.
Rhyolite a. a .ource of the DR.-As a matter of fact there is no rhyol.ite in the
immediate vicinity of the ore which contains sufficient gold, silver, or lead
to admit of its' being regarded as the source of these minerals in the ore.
It is barely possible, though not likely, that the rhyolite body of which the
dikes in the mines are the upward continuation, may have carried a notably
larger percenta.ge of heavy metals than that now to be found in a fresh
state on the sUlface. In fact, near the mines, it is almost completely decomposed, and it cannot be obtained in a tolerably fresh state above ground at
considerable distances from the workings.
QUarb-porphyry a•.a .ource of the ore.-The rhyolite is not the only eruptive rock
met with in the mines. Quartz-porphyry also occurs, but only in the neighborhood of Adams Hill. This rock, however, contains considerable quantities,
relatively speaking, of gold and silver, particularly of the former. The
explorations in the mines in which it is found are not sufficiel;lt to give any
definite idea of its extent, but it is possible that it is much more extensive
than its croppiilgs suggest. The result of the assays made of this porphyry, which ~re described in the chapter on assays, indicates that this
rock contained silver and gold, and perhaps lead, after it solidified and before
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brought about in it, such 88 the formation of iron pYlite and the concentration of gold and silver in . that mineral from the porphyritic mass.
Moreover, although it is not certain that the gold, silver, and lead in the
mines in its immediate neighborhood were derived from this rock, yet the
amount of goJd, silver, and lead it contains, and the transformation it has
undergone, render it a possible source of these metals in the ore of the mines
of Adams Hill. The mines of Adams Hill, which are mentioned in another
portion of this memoir, are many of them noted for the large proportion of
gold to silver found in their ores. As regards the mines of Ruby Hill,
which are separated from those of Adams Hill by an intervening belt of
shale, it cannot be stated as anything more than a possibility that their ore
was derived from the decomposition of the quartz-porphyry.
OrlUllte ... poaalbleaourceoftbeore.-It has already been mentioned (page 12)
that granite probably undel'lies the sedimentary rocks of Ruby Hill, and
perhaps those of the whole district. This rock has but one small outcrop.
It has been carefully assayed, but only a trace of silver and no gold has
been discovered in it. The only place where specimens could be obtained
was on Mineral Hill, and they were a.ll much decomposed. It is nowhere
exposed in the underground workings, although bowlders resembling granite
have been found in the quartzite near the bottom of the Richmond shaft.
It is only natural to expect that this decomposed granite should show very
little of the precious metals even if the undecomposed rock originally contained perceptible quantities. Investigations which have been made of massive rocks carrying gold and silver have always shown that the decomposed varieties were invariably poorer in these metals than the unaltered
rock, except where enriched by infiltration.
Source of the ore In Prospect Mountain.-With reference to the deposits of Prospect
Mountain, which are almost identical with those of Ruby Hill, it can be
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CoDclualou.-The results of the chemical and physical examinations which
have been made of the rocks of Eureka have been rather· negative than
positive as regards the source of the silver. They have shown what rocks
have not been the source of the ore more conclusively than they have
proved its origin. They seem, however, to point in but one direction,
namely, to some massive rock which has been decomposed by the solfataric action attending the eruption of rhyolite. Through the decomposition of this rock metal-bearing solutions were formed which afterward penetrated the limestone and deposited the ore

OHAPTER VIII.
MANNER OF THE DEPOSITION OF THE ORE.

.

Derivation &Del circulation of the metalliferoua
aolutiona.-In the foregoing chapter it has
.
been stated that the ore was probably derived f~om some massive rock by
solfataric action. The solutions containing the ore penetrated the limestonet
passing through fissures and interstices in the broken rock, and deposited
the ore where conditions of temperature, pressnre, and chemical activity
were favorable to its precipitation. The irregularity of the deposits and
their connection with fissures and other phenomena have already been
described and accounted for, but as yet no attempt has been made toexplain the causes which led to the release of the minerals from the solutions which contained them and their aggregation in immense chambers.
It is impossible to determine what may have been the chemical composition
of these solutions, but it is not improbable that they consisted in great part.
of sulphides of the heavy metals dissolved in alkaline sulphides. These
solutions were necessarily formed under the influence of heat and pressure.
Rising into the shattered limestone at a diminishing pressure and temperature, the liquids lost much of their solvent power and many of the metalsthat they contained were precipitated.
MaDDer In wbleh tile ore wu elepoaltect.-As to the manner of this precipitation, two
theories only are admissible, either that the ore was precipitated from the-
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from a considerable distance below, and it is highly probable that they did,
it would be reasonable to suppose that the deposition would continue as far
as it would be possible to follow it. An investigation of the phenomena
attending the formation of these deposits will show, however, that the manner in which the ore was deposited has a very important bearing upon the
probabilities of finding ore at any considerable distance below the water
level.
Theory of the formation of c&vea.-The formation of caves in limestone is usually
attributable to the action of waters percolating from the surface and carrying carbonic acid in solution. As is well known, even rain-water contains
carbonic acid in solution, though in small quantities corresponding to the
traces of carbonic anhydride always present in the atmosphere. The air
occupying the pores of the soil for a considerable distance from the surface
is much more highly charged with carbonic anhydride than the free atmosphere, a fact no doubt due to the oxidation of organic matter, and the percolating waters are correspondingly charged with carbonic acid. Below the
permanent water-level of a limestone country'the water is nearly saturated
with calcium carbonate, and though there is a slow circulation of subterranean currents beneath this level no strong local action can be expected.
To form a cave at a given spot, water containing free carbonic acid must
be supplied in sufficient quantities, and an escape must be provided for the
more or less saturated solution of calcium carbonate which results from the
corrosion of the rock. Caves cannot, therefore, form at an indefinite "depth
from the swface of the limestone under any circumstances, for, after passing a certain distance through limestone, the percolating waters would be
nearly or quite saturated. Caves, too, can only be found in a country with
deep drainage, since otherwise the saturated solvent could not be removed.
The I"ate of cave formation is dependent upon the quantity of watery
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same neighborhood. When the processes of solution and deposition go on
simultaneously their coexistence is no doubt due to local differences of
temperature and pressure. Changes in the amount of percolating water
and other circumstances may also bring about deposition where solvent
action once prevailed, or vice vef'sd. As before stated, the dissolving of the
limestone in particular directiolls has been owing in great measure to the
antecedent crushing of the limestone.
Connection of cave. witb BHur.... ore bodiea, andeadl otber in Eureka.-The caves in Eureka
DistIict are of more frequent occurrence near the surface than they are in
depth, no caves of any importance having been found below 1,000 feet.
They are almost invariably connected with some fissure, and are also often
connected with one another by fissures and open pipes. No oxidized ore
body of any great magnitude is found without a cave above it, whi~h is
usually proportionate in size to the ore body, but all caves are by no means
accompanied by masses of ore. Though the caves are very irregular,
having ramifications in all directions, they form a system or systems which
have a downward trend approaching the foot wall of the formation in which
they are found. As the ore bodies are associated with caves their deposition is, of course, similar.
Action of water in tbe cavea.-The roof and sides of the caves sometimes present the appearance of a chamber blasted out of the solid rock, and do not
show any signs of the action of water. This, however, is rarely the case,
and is a resu]t of the falling in of the roof and sides as theY'were originally
formed. The action of the water can often be observed upon some of the
sides of the bowlders, which in such instances always cover the bottom of
the caves. Usually the surfaces of the caves show the effect of the corroding action to which they have been subjected; the rock is hollowed out
in CUD-like forms. which are roullhened and indented with lines caused bv
Jl
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never accumulates in any considerable quantity on the floors, but the
a~mosphere is always damp. The growth of aragonite crystals. is not confined to the roofs and sides of the caves, bowlders which have fallen from
the roof often being covered with them. Whether these crystals are of
. stalagmitic origin or whether they owe their formation to exudations from
the floor is uncertain, but the latter supposition seems the more likely, for
although drops of water were seen falling from clusters of aragonit~ crystals in the roof no corresponding aggregations were noticed where the drops
struck below. The caves above ore bodies do not differ in any'res[)ect from
those in which no ore is found, and although they may have been formed
at a different period there is no reason to suppose that they owe their OIigin
to a different cause.
Conectioa of cave. witb tbe outer atr.-That some of these caves are connected
together by openings, and that they have connection with the outer air, is
proved by the fact that in many of them there is a very decided draught
of air, although they may be several hundred feet below the surface. In
some instances this draught is so strong that a lighted candle held near
contracted openings leading to the caves is extinguished.
Deptb to wbicb the cave fonnelioa eztead••-From the foregoing, it appears that
the cave formation in general does not extend to any very considerable
depth and that its limit iu Eureka is probably reached within a thousand
feet. .If the theory of a simple crystallization of minerals from solutions
in pre-existing Caves were correct, it is evident that the practical limit of
ore deposition would be reached at the point where cave formation was no
longer possible. This would naturally be the point where the carbonic
acid solution, being saturated, ceased to dissolve limestone. In Eureka,
the limit of the cave formation is probably reached in less than a thousand
feet; or before the water level· is attained, as in the Richmond ground
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ure of the fissures is plainly visible, and the bowlders in these are angular,
showing that they have not been much attacked by water.
ArrlUlcement of the ore in the chambers.-During the investigation of the Eureka
deposits, upon which this report is based, se~eral favorable opportunities
were offered for examining freshly-discovered ore bodies of considerable
size. In two of these cases the ore was discovered by following seams
stained with ferric oxide. The two places mentioned were above the ninth
level of the Eureka and below the sixth level of the Richmond. The ore
was struck in both instances considerably below the caves which formed
the apices of the chambers. The ore in the lower part of the chambers, if
not in what could be called a solid state, was at least in a much more compact form than it was in their upper portions. It had the appearance of
being in place, that is to say, that of being in the position which it originally
occupied when deposited from solutions. With the ore composing the
upper portion of these ore bodies it was otherwise; this was in a loose state
and often distinctly stratified, the strata being composed of different varieties
of ore. There was frequently a layer of gray carbonate of lead, followed
by a yellow one composed of a mixture of ferric oxide and plumbic sul. phate, with here and there, through the whole, bunches of galena surrounded
by its products of decomposition.
In the Richmond ore body a small cavity in the ore-mass was observed
containing stalactitic columns of minerals, which were evidently formed by
crystallization from solutions. The layers of ore were covered by layers of
sand and gravel and bowlders which formed the bottom of the caves. The
whole upper portion of this mass showed clearly that it was brought into
its present position by water, and the stratification of the ore proved that
it was deposited in its present position since oxidation took place. There
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would be more or less bent. lIoreover, water carrying fine particles of
ore in suspension, trickling slowly down over an irregularly-inclined surface, would not deposit the p~rticles in horizontal layers, but in layers conforming more or less to the inclination of the bed in which it flowed. This
stratification is common enough in the upper part of ore bodies, and is occasionally met with in the lower portion, though it is, of course, most apparent
when the strata have been least disturbed by pressure. It is not meant
that the ore throughout these chambers had a stratified appearance; on the
contrary, the different ore-minerals seemed to be mixed throughout the
mass without reference to any law of distribution. It sometimes appears
as if there were more unaltered galena in the lower portions of ore bodies
.
than in the upper, but the difference, if any exists, is so slight that it is not
of much importance. In large ore bodies the ore is much more compact
at the bottom than at the top, which may be accounted for by the difference
of pressure. The limestone surrounding ore chambers is frequently stained
with iron. This seems to be less common in the upper part of the caves
than it is lower down. The staining of the limestone is often observed
where seams are found leading to ore bodies or where separate masses are
connected together, as is often the case, by small pipes.
EvideDce. in the ore or s-eudomorphl.m after llm..toDe.-In many of the ore bodies which
have been discovered strong evidence has been found that a portion of the
ore is pseudomorphous after limestone, or, in other words, that it has been
substituted for that rock. A mass of ore sometimes contains a rounded
bowlder of limestone as a nucleus; a great deal of the ore, when it has not
been stratified or pressed into a compact mass, exhibits the form of crushed
and brecciated limestone. Small masses of ore sometimes completely fiU
the spac~s between the limestone walls; are perfectly solid, and show clearly
that they have not been disturbed since they were deposited. If these
.
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morphs of galena after calcite have been observed at Andreasberg and in
other mines. Had they been found at Eureka, it is scarcely probable that
they would have remained recognizable, in view of the subsequent oxidation of the ~re. It is probable, however, that calcite crystals were not
formed until after the period of ore deposition, and it is, therefore, in no
way remarkable that the search for pseudomorphs after calcite was unsuccessful.
ReiatioD or the rb:pollte ensptioD aad the ca... to tbe rormatio'; or ore.-The disturbance inci~
dent to the rhyolite eruption caused the faulting and crushing which prepared the limestone for the circulation of the metal-bearing fluids. It is
not likely that the waters carrying carbonic acid had effected any material
dissolution of the limestone before an opportunity was given for their free
circulation by the shattered condition of the country. IT the deposition of
ore is correctly referred to solfataric action consequent upon the rhyolite
eruption, the precipitation of the sulphurets may have begun immediately
after the outburst of volcanic rock and before a sufficient period had elapsed
to allow of the formation of caves. Besides the caves above ore bodies,
there are many cavernous openings in the limestone in which no ore occurs;
but some of these empty caves, as has been mentioned, are connected by
open fissures or pipes with ore bodies. Had these caves existed at the time
of the deposition of ore, it is difficult to see why they fa.iled to receive a.
share of the deposits. Although this is not absolute proof that these caves
were made after the ore was deposited, it is entirely consistent with such a.
theory.
IT the caves had been formed first, they certainly would have contained
gravel, bowlders, etc., washed in by water or representing insoluble residues,
and this material would have been found underlying the ore. This, how-
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solution and must have attacked the limestone. It is true that in many caves
the ore has the appearance of having been placed in the cup-shaped cavities
which are so common and which were evidently formed before the ore came
into them; but it must be remembered that much of the ore, especially in
the upper part of the caves, has been brought into its present position by
water.
Partially formed cavea and ore chamben.-In a portion of the ground already described, between the seventh and ninth levels of the Richmond mine, there
is a great deal of open country; there lLre no caves, however, and it does
not often show signs of the action of surface waters. The ground is shattered
and there are large fissures which are filled for the most part with bowlders
and fragments which have fallen into them. Around some of these bowlders
ferric oxide and ore are found, but these masses are not of any great
size. Some of the fragments are rounded off as if ore had been substituted
for 'their exterior parts, and the whole mass presents the appearance of an
ore chamber, the formaiion of which had been interrupted. From the
seventh level a distinct ore channel can be traced up to the west ore body
as well as downward to the ninth level.
EIfec:ta of oxidation on the bulk of the ore bodla.-The chemical reactions which took
place when the ore was substituted for the limestone are unknown, but from
observations made in small masses of oxidized ore resulting from the decomposition of sulphurets, that were evi~eritly formed by substitution, it would
seem that the ore replaced the limestone very nearly bulk for bulk; that is
to saYl very nearly though not quite filled the space originally occupied by
the limestone. In the masses referred to there were no signs of the vigorous
action of water carrying carbonic acid, and the walls were compact; therefore it is not likely that these bodies had been disturbed since the ore was

•
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Were the ore composed entirely of pyrite it would shrink on oxidizing.
Although the hydrated oxide of iron occupies molecule for molecule more
space than the pyrite, yet the quantity of iron left in place after the oxidation of a mass of pYlite is not equal to the amount of that metal that the
pyrite originally contained, owing to the fact that in the process of oxidation
-soluble salts are .formed which are carried oft'. To the action of such soluble
salts is no doubt due the staining of the limestone with ferric oxide in the
neighborhood of ore bodies. On the other hand, if the ore were composed
entirely of galena it would increase in bulk when changed into carbonate,
though the carbonate of lead is to some extent soluble in waters carrying
carbonic acid.
ObeervatloDa made ID a maaa of p~te.-From what has been observed of a mass of
pyrite containing but a little blende and galena on the eleventh level of the
Eureka mine, it wOlild appear that oxidation is followed by a slight shrinkage of the ore body. This body of mineral is a compact mass which seems,
as far as explorations hava developed it, to touch the limestone everywhere
throughout its surface. The pyrite, however, is separated from the limestone by a coating of ferric oxide nearly a foot thick. The ferric oxide
contains grains and rounded fragments of limestone, and by its structure
shows that the pyrite from which it was derived was brought into place by
substitution. Pseudomorphs of pyrite after calcite are well known, although
no specimens have been observed in Eureka; pseudomorphs of pyrite after
fragments of limestone, however, are often found on Ruby Hill. The ferric
oxide is also much more porous and less compact than the pyrite. A shrinkage of the mass took place upon the leaching which followed oxidation.
BvldcDcea of the eoDtraetioD olon bodlea alDee oxldatloD.-As pyrite originally composed
more than half the volume of the ore bodies, it is highly probable that a
considerable contraction has taken place in their ma,SB since oxidation "V,,,,,,,,,
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present exists in the large ore chambers. In the unchanged ore bodie8,
which are encountered occasionally near the water, there is ,nowhere any
evidence of the banded structure characteristic of the simple crystallization
of minerals from solution. The galena, blende, and pyrite of which these
ore masses are principally composed are distributed in bunches and compact
masses, and nowhere is there any evidence of paragenetic order. It is true
that a paragenesis of minerals is traceable in many places 'in the oxidized
ore, but this is due to successive stages of decomposiuon.
DncriptiOD o( the Ralbl depoeita.-Attention has been already called (Ohapter
VI.) to Raibl, in Carinthia, where galena and zinc deposits occur in a
limestone formation. PoAepnY,· who very fully describes these deposits,
mentions the following facts: The galena deposits occur principally in the
dolomite, and the zinc deposits in the underlying limestone. They are to
be classed neither as beds nor as lodes. As to the genesis of the ore; they
differ very widely; the galena deposits were made in pre-existing cavities
in the dolomite, while the zinc ore is pseudomorphous after limestone, or, in
other words, was brought into its present position by substitution for country rock. The proofs this author gives of the manner of formation of the
lead deposits are very conclusive. The ore, which consists principally of
galena, blende, pyrite, and dolomite (cerussite, smithsonite, calcite, and
barite being comparatively uncommon), is deposited in concentric layers,
the cavities being sometimes completely filled, though often an empty space
is found at the center, and hardly admit of a doubt in regard to their being
formed by crystallization from solutions. The occurrence of a peculiar
tubular galena ore (ROhrenerz), which was formed around pre-existing
stalactites of dolomite, effectually establishes the fact that the cavities existed
before the ore-bearing solutions made their appearance. As regards the
ma.nner of their forma.tion, the zinc deposits are widely different from those
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except in the dolomite, and the smithsonite is the principal zinc ore in the
limestone.
PoIepDt'. coDdu.ioD••-It is not necessary to give a detailed description of
the specimens of zinc ore from which POSepny concludes that these deposits are pseudormorphs after limestone. Suffice it to say that the zinc
minerals have very often precisely the same structure as the original limestone, and that many pieces have been found in which the thin veins of
calcite in that rock are continued in the form of smithsonite in the adjoining zinc ore, In some few places in· the mineral zone the galena-blende
deposits have undergone decomposition, and galena, blende, and calamine
are found 'together. Posepny gives the priority of formation to the
galena-blende deposits, 88 at some points where· decomposition has taken
place and a portion of the ore has been removed part of the space has
been filled with calamine. He further says that the calamine is probably
the product of the decomposition of the blende, and that the zinc deposits
themselves were formecL by the substitution of zinc carbonate for calcium
carbonate. From the fact that the galena-blende and the zinc deposits in
Raibl are formed each in a different manne~, this author regards it as probable that in the regions of Upper Silesia, Belgium, and Sardinia, where
these two kinds of ore occur in the same deposits, they owe their origin to
the same different causes which brought about their deposition in Raibl.
CompariaoD of Ralbl aDd EURka.-Although the Eureka ores do not contain a
very large amount of zinc, either as blende, calamine, or smithsonite, yet
numerolls specimens of calamine have been found in the oxidized ores which
exactly correspond with the pseudomorphs after limestone which Posepny
describes, and which were evidently formed directly or indirectly by substitution for limestone. Whether the zinc was originally substituted for
•
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The internal structure of the ore masses in no way resembles those of RaibL
Where the ore is not oxidized. there are no signs of a banded or concentric
structure, and the phenomena observed point entirely to substitution of the
sulphurets for country rock.
Some of the ore.bodiea formed by aubatitutloD.-The unoxidized ore bodies have not
yet been sufficiently explored to establish the fact that they were formed in
toto by substitution, but sufficient evidence has been obtained to prove that
a considerable portion of the ore at least was deposited in this ma~ner.
In the cases of the Upper Mississippi, and those of Missouri, the galena is
found in the form of stalactites and stalagmites, which prov~s the preexistence of the openings, but in Eureka no such case has been noted•
• vldeDce _"mDat the a..b.titutioD theol"}'.-There is one argument to b.e advanced
against the theory that the ore bodies were formed exclusively by substitution, namely, that some of the ore chambers are far removed from what
seems to have been their most natural course. It has been remarked that
in the mines southeast of the "compromise line" the ore bodies are of rare
occurrence near the Ruby Rill fault-fissure, except when the two fissures
approach in the deeper workings. The ground in the neighborhood of this
fault presents all the conditions necessary to the fulfillment of the phenomena of substitution; it is crushed, shattered, and broken in various
ways, and is traversed by cross-fissures. The· lines on which ore is found
gradually approach the quartzite foot wall, and correspond almost exactly
with what would have been the natural channels of surface-waters descending through fissures. If the caves were not formed before the ore, why did
the ore solutions not follow other channels apparently offering equal facilities for the substitution of ore' No satisfactory answer has been found for
this question, but it is manifest that mine-workings, however extensive,
"·n,,...,,,,,, "f lmlh~!'O'!'(Hmd fissm'es; and it is entirely
never fun" .,v,n"c."
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PrepoDderance of evideDee ill favor of the .u~tutleD tbeory.-Weighing the evidence on
both sides of the question, it appears that a large part of the ore was
brought into its present position by substitution, while it seems impossible'
to demonstrate that any part of it was deposited in pre-existing caves. It
is highly probable that all the ore was deposited by substitution, and that
future developments will effectually establish the fact. There is no reason
for believing that, if the physical conditions favorable to the deposition
continue below the water level, deposits of ore will cease to be found below
that point.
Ace of tbe .....-In the Ruby-Dunderburg mine, on Prospect Mountain,
there is a rhyolite dike similar to that of the Jackson and Phoonix. In all
of these mines ore has been found in contact with and below the rh}'blite
in the Jimestone, but has never been found on the opposite side of it. This
fact alone would not necessarily prove that the dike is older than the ore
bodies, for these might occupy their present relation to it in consequence
of a fault; but the manner in which the ore is deposited on the rhyolite,
showing no signs of having been disturbed, and the fact that the rhyolite
does not in any place contain inclosed fragments of ore, though it often
contains country rock, go to prove that the eruption occurred before the
deposition of the ore and that it did not fault th~ ore bodies. Another
fact tending to prove the subsequent formation of the ore is the extreme
decomposition of the rhyolite· through the ore-bearing region, which was
no doubt brought about by chemical action attending the deposition of ore.
Although it has not been established beyond doubt tha.t the rhyolite
eruption caused the upheaval which made the main fault on Ruby Hill, yet
it is extremely probable that such was the case. It has been shown that
this fault was the last dynamic disturbance of any importance that occurred
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rhyolite eruption covered a considerable period it is not improbable that
there have been overflows of that rock since the beginning of the ore
deposition at some point in the district. As the rhyolite eruption occurred
in the Tertiary it follows that the ore formation was not of an earlier date.
The 80lfataric action to which this region was once subjected has long
since spent itself, and there is nothing to indicate that the increment of heat
is abnormal.

CHAPTER IX.
WATER.

1I000taia.-The deepest shaft on Prospect Mountain, the
Atlas, the working shaft of the Ruby-Dunderburg Company, has attained
a depth of over 800 feet, and up to that depth but little water has been
·encountered. In the other mines in this part of the district no water of
any consequence has been met with, and from the great altitude of many
of them above the valley no trouble on account of water need be expected
for some time to come.
Water ID Ruby HDl.-On Ruby Hill, the water question is becoming a very
important one, and in th~ future the difficulty of draining the mines may
prove a serious impediment to exploration. The water now stands just
below the 1,050-foot level in the Richmond shaft, but in the old workings
of the Eureka it rose to the twelfth level, 220 feet above this point., before
the cr088-cut from the 1,200-foot level of the Locan shaft cut the Ruby
Hill fissure. The surplus water from the twelfth level of the Eureka flowed
down a winze to the Richmond ninth, and finally reached a permanent level
.at about 1,050 feet. A reference to the water line on Plate III. shows that
the water level in the mines on Ruby Hill is highest at the southeast end
-or where the limestone wedge is the smallest, and that it gradually declines
until, in the Richmond ground, where the limestone is the widest, it stands
Water ID Proepect
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This is not surprising when the nature of the ground is taken into account.
The two fissures, which are everywhere accompanied by a thick casing
of clay, meet at a point much nearer the surface in the Phamix, the line
of junction gradually descending as the Albion is approached. This line
of junction corresponds very nearly with the water level, showing that the
closing in of the two fissures forms a sort of flat funnel which debouche,,;
in the Richmond mine. The water level in this mine is something below
the level of Diamond Valley, where the Eureka Canon enters it. It has
already been mentioned that there is a considerable zone of fissured ground
in the lower levels of the Richmond. This broken ground naturally permits a tolerably free circulation of the water, and as the water level in this
mine is about what it would be in the upper part of Diamond Valley it is
reasonable to suppose that a permanent water level has been reached in
the Richmond. Irregularities in the distribution of water are often brought
about by the intervention of blocks of un fissured ground, or by the presence of clay seams. An illustration of this was given by the occurrences
observed in a drift from the 1,200-foot level of the Richmond shaft. This
shaft was comparatively dry down to a depth of 1,23U feet. The last 500
feet were sunk in quartzite. At 1,200 feet a cross-cut was started through
this rock to the north. No water that could not be easily handled with
bailing tanks was encountered, and whE!'tl the limestone was penetrated it
was found to be nearly dry, the water· from the quartzite being excluded
by the clay. In driving a short drift to the northeast from the main crosscut, however, a stream of water was struck which became unmanageable
without the aid of pumps, and it rose to near the 1;050-foot level, and at
this point it has remained, notwithstanding the large flow of water that
there has been from the Eureka mine. This Eureka water, however, did
not flow down the shaft, but into a winze which was sunk on what appears
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machinery with which the shaft was equipped even while sinking to the
84e-foot level. When this level was reached a cross-cut was driven to the
old workings with which connection was made just above the twelfth level,
a little over 1,000 feet below the top of the Lawton shaft. The wate\" from
the Locan shaft was allowed to flow along this cross-cut and enter the
twelfth level, where, joining with the other water 011 that level, it was conducted to the "water winze" on the Richmond ninth.
Shortly before this report was finished, pumping machinery having a
capacity of 600 gallons per minute was completed at the Locan shaft and
sinking was continued. Stratified limestone and shale were struck at a
depth of 1,020 feet. The stratification of this bed ·was nearly horizontal,
and at a depth of over 1,200 feet the shaft had not penetrated· it. A southwest cross-cut was run from t~e 1,200-foot station to the main fissure, a.
distance of 300 feet. The first 60 feet were in shale and the rest in a mass
of limestone mixed with clay, which is the product of the Ruby Hill fault.
The fault fissure contained ore, and when it was cut by the drift a body
of water was developed which soon filled the cross-cut in spite of the pump.
The How of water was so sudden that the ~en had barely time to escape
from the drifl It-l"ose to a height of 1,035 feet in the shaft (~bout 50 feet
above the water level in the Richmond), and up to the present time (December, 1883) it has not been possible to materially lower it.
The How of water from the shale was not as great as from the limestone above it, the shale acting as a barrier. It will be observed that
before the large body of water was struck in the end of the cross-cut from
the 1,200-foot level of the Locan shaft, the water rose in the shaft to the
840-foot level, and ran into the twelfth level of the old workings, but after
the fissure was cut it only rose to 1,035 feet, or about the upper surface of
the shale. The fact that the tapping of the main fissure partially drained the
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the main fissure between the place where the vein was struck in the 1,200foot LOC8U cross-cut and the Richmond ground. This is made all the more
probable by the fact that although the Richmond received the water of the
Eureka in the manner mentioned on page 51, yet the water level in the
"water winze" of the former mine was not materially altered.
ProaPec:t- of water lo tbe futuR.-Although this flow of water has not been controlled by the present pumping machinery, it is unlikely that it is of such
an extent that more powerful pumps would 110t exhaust it. It must be
borne in mind that the lower belt of shale cannot but act, partially at any
rate, a8 a barrier to the flow of water from the upper limestone, and, therefore, it is but reasonable to expect that the flow of water in--the lower limestone will not be uncontrollable. This has been indicated in a measure by
the fact that the limestone encountel'ed in the cross-cut on the 1,200-foot
level of the Richmond Walt at first nearly dry, and the water that was afterwards struck on the same level was not present in such quantity that a pump
like the one at the Locan shaft would not easily have managed it. It is
very likely that the contact of .the quartzite and limestone will be the
principal source of the water, and for that reason it is to be avoided as.
much as possible.

•

CHAPTER X.

•

DO THE RUBY HILL DEPOSITS FORM A. LODE?

DiffereDce of .cieDtific opiDioD. o~ tbi••ubject.-On this subject there appears to have
been a great difference of opinion. In the celebrated lawsuit between the
Eureka and Richmond mining companies, which was argued before Justice
Field, of the United States Supreme Court, Judge Sawyer, of the ninth
United States circuit, and Judge Hillyer, for the district of Nevada, in
July, 1877, a large amount of expert iestimony was offered by both parties.
Messrs. T. Sterry Hunt, W. S. Keyes, R W. Raymond, T. J. Reid, and I. E.
James testified in favor of the Eureka that in their opinion the zone of
limestone included b~tweel1 the quartzite and the shale- was a lode in the
miners sense of the term; whereas Messrs. Clarence King, J. D. Hague,
J. D. Whitney, William Ashbumer, and N. Wescoatt declared it as their
opinion that neither from a practical nor a scientific point of view could the
above mentioned belt of limestone be regarded as a lode, and denied the
existence of a stratum of shale in the position mentioned by the other experts.
Ca_Ie.diD. to tbe .uit.-The Richmond company had been following down
a body of ore which had been developed in the Richmond and Tip-Topinclines and terminated in the Potts chamber, which lay partly in the ground
claimed by both companies. The so-called "compromise line" had been
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perpendicular plane passing through this line, that the Eureka company
claimed as the limit of their ground. In order to establish their claim it
was necessary that the Eureka should prove that they possessed a lode, or,
at any rate, a mineralized zone within the meaning of the United States
mining laws. The Richmond company, on the other hand, claimed the
whole of the Potts chamber, inasmuch" as they had a right to follow their
body of ore, as developed in the Richmond, as it passed into the Eureka
•
claim beyond the extreme northeasterly point of the compromise line as it
was originally established. This body of ore, which was continuous, or
very nearly so, from the surface down to the deepest workings of the mine
(at that time about the ninth level), followed a fissure or system of fissures
for nearly the whole distance. Sometimes the ore was found on the lower
side of the fissure planes, sometimes on the upper, the fissures frequently
expanding into an ore body. The course of the fissures was about N. 45°W.
On the other hand, the Eureka company followed an ore body lying on the
quartzite from some distance above the end of the fifth level down to below
the seventh. From this point ore was traced to the body at the end of the
ninth level which connected with the Potts chamber.
There was considerable difference of testimony in regard to the oontinuity of the ore-connection between the Eureka seventh and ninth levels.
In some places it consisted of iron oxide carrying but a small amount of
gold and silver, which was found along the quartzite.
In view of the existence of a secondary fissure between the quartzite
and limestone, which the investigations forming the subject of this report
have proved, this ore-connection was a valid one. The Eureka and Richmond, therefore. each established the existence of a lode leading into the
Potts chamber from their respective claims. The former claimed that their
lode extended from the quartzite to what they called the shale (the clay of
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.sion of the compromise line belonged to the Eureka company, as a vertical
plane passing through the compromise line, and its extension was, by virtue
of the agreement between the two parties, the boundary of their individual
rights; moreover,. that the Richmond company could not follow the ore
-outside of a vertical plane passing through their end line.
DedaiOD of the Ullited Stat.. Supreme Court.-The case W88 carried to the United
.States Supreme Court, on appeal, and the decision of the lower court was
sustained by Chief J ustice Waite, upon the ground that the agreement
effected between the two parties in 1873 gave all ground situated on the
-nol·thwest side of a vertical plane passing through the compromise line to
the Richmond company and all that lying to the southeast of this plane to
-the Eureka company, and that the conditions under which this compromise
-was made necessitated the prolongation of this plane acrou the mineral
zone. Chief Justice Waite did not state whether, in his opinion, this min-eral zone between the quartzite and shale or clay constituted a lode or not.
BuIDmU7 01 the ph)'8icaJ chanu:terlRica olthe miDaal-.-Beginning at the extreme
.southeastern corner of the plan of contacts (Plate III.), a belt of limestone
.is visible which Mr. Arnold Hague has determined as Cambrian, and to
which he has given the name of Prospect Mountain limestone. This lime-stone extends in a northwesterly direction nearly to the Albion shaft; is
,?ounded on the southwest by a mass of quartzite, also Cambrian, and on
the northeast by a belt of stratified limestone and shale belonging to the
,same period. These three formations, which all dip to the northeast, were
·originally laid down one upon the other at the bottom of the sea and
.afterwards raised above water at the close of the Carboniferous. At some
period subsequent to their upheaval and prior to the deposition of ore, a
.deep and extensive fissnre and fault cut through these formations. Its
-course was about northwest and its dip about 70° to the northeast. For
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section with the quartzite is laid bare in the deeper workings of all the
mines except the Richmond and Albion. It is accompanied by an auxiliary
fissure between quartzite and limestone which joins it below.
CODdltloD. below tbe JUDctloD or tb. two lI..ure••-Where the two fissures come together in all the mines southeast of the compromise line the ore has been
found filling the fissure between the quartzite and the limestone, or between
the quartzite and the lower belt of shale. Whether this will continue to be
the case as the fissure is followed downward is a matter of speculation. It
is likely, however, that when the lower wedge of limestone widens out the
ore bodies will take on their usual irregular character, although they will
be no doubt in some way connected with the fissure to which they owe
their origin.
CODditloD. DOrtbw••t or tb. compromise IIDe.-The change which takes place in the
Richmond ground soon after the compromise line is passed has been fully
explained. The two ore chutes, called, respectively, the west ore body
and the east ore body, have the complexion of two distinct lodes in lime8tone. Whether the Potts chamber, which forms a part of the east ore
body, actually touched the quartzite or not is uncertain, but, at any rate,
it was within a few feet of it. This ore body, however, does not approach
the quartzite in any other place. The west ore body touches the quartzite
in the Eureka ground near the compromise line, but in all other parts oJ
the mine occupies a position about midway between the secondary fissure
on the quartzite, and the main Ruby Hill fault to the northeast. As these
two fissures are gradually coming together, and, no doubt, meet at greater
depth, it fs evident that if these two ore chutes continue down they will
eventually form the filling between the two fissures. From the present
appearance of the ground it would seem as if the ore-channel which fed
the east ore body was near the compromise line, and that it was on the
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sible to state with certainty what the original ore channels may have been.
No doubt many cracks, fissures, and vents through which the ore-bearing
solutions passed have been completely closed since the ore was deposited,
and it is likely that in many such openings the ore has left very little trace of
its passage. When the openings were small, these solutions would naturally
pass with considerable velocity, and little or no ore would be precipitated.
The immense pressure of the surrounding rock would be sufficient to
completely close many ore channels. The ore that has been exposed in the
Albion mine iR a continuation of the Richmond west ore body, and nearly
the same conditions prevail in this part of the hill as in the Richmond.
DI.cu..ion of the me.ning of the word~ "lode," "hone," etc.-In a word, the main fissure
and the secondary fissure branching from it inclose between them a mass
of limestone which is penetrated in many places 'by crevices. The ore
bodies occnr within the limestone mass and are all connected with the fissure
system just described. 'rhe ore bodies are usually lenticular or irregular in
form, but sometimes follow the fissures as tabular 'masses. What name is
to be given to this occurrence, though no doubt important from a legal
point of view, is verbal rather than a scientific question. There are portions of it to which no one has hesitated to apply the name of lode or vein.
In the usage of' English-tspeaking miners the terms vein and lode are
nearly but not quite synonymous. A vein mayor may not carry ore, for it
is perfectly correct and entirely usual to speak of a vein of calcite or other
barren mineral, a connection in which the word lode could not be applied.
In reference to ore deposits, lode is not used to denote the filling of very
small fissures, for a stringer might be called a vein of small size, but scarcely
a lode. It is most often used to indicate the contents of more complex fissurell, 01' as synonymous with composite vein, system of veins, etc., while
the term vein. with aualification. usually refers to the filling of fissures
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As there is an unquestionable connection in depth between the various
ore-bearing regions of the Ruby Hill deposits, if this nomenclature is cor1'ect the ore bodies ar~ to be regarded 88 branches of a single lode. Nevertheless, the fact is that these deposits differ essentially from those which
yielded the usually accepted definition of the words vein and lode, and the
analogies between the two val'ieties are so distant that an attempt to apply the
terminology of typical veins to the Ruby Hill deposits as a whole leads
immediately to misunderstandings. In ordinary veins ore is deposited in
pre-existing openings, while the bodies of Ruby Hill were mainly deposited
by substitution. In ordinary veins nearly all the space not occupied by
fragments of rock is fille~ with ore and other minerals. In the Eureka
occurrence many of the fissures have served merely as channels for the
solutions, and space for deposition has been provided
mainly by chemical
.
means. The bearing of those differences is rea4ily made apparent. In
typical lodes a fragment of country rock entirely inclosed within the fissure,
and hence completely and substantially surrounded by ore and gangue
minerals, is called a "horse," but a mass of rock divided from the surrounding country by mere cracks not filled with vein matter is not called a horse.
The term" horse" is usually unequivocal and signifies a mass of country
rock of considerable size entirely inclosed in ore or vein matter. One can
always conceive, however, of the croppings of a vein being eroded to the level
of the center of a horse, one surface of which would then be exposed to the
air, and the horse would not be entirely inclosed by ore and gangue.
Masses of rock in the croppings of a lode when they resemble horses in
other respects are therefore known by the same name. No definite limits
can be assigned to the size of a true horse, which certainly depends upon
the size of the lode as well as upon individual opinion. Nevertheless,
although there are horses in the Comstock lode a few hundred feet wide, it
/
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been no doubt the channels of ore-bearing solutions. These masses in
ordinary veins might have been surrounded by vein matter, but, owing to
the peculiar manner in which ore was deposited in this locality, the surrounding fissures do not often show ore. These masses of rock then take
the place of horses from a structural point of view, but do not answer the
cun'ent definition of the term, and a misunderstanding or an error is involved
either in calling them horses or in denying their structural analogy to horses.
If it were once admitted, however, that a mass of rock not substantially
inclosed in ore or secreted gangue minerals may be called a horse whenever
the fissures by which it is divided from the solid country belong to an orebearing system the conseq'Q.ences would be serious, for a horse is always
regarded as a part of the fissure filling, as a portion of the vein or lode, and
the lode would then necessarily be coextensive with the fissure system. In
thnt case the term lode would be synonymous with mining region. The
quicksilver belt of California would be a single lode, as, too, the California
gold belt, and the great Arizona and Utah mineral zones would each represent a single complex vein.
CI ...lfication of ore deposita accorclln. to clItrerut aUthora.-Such an extended signification of the words lode and horse would also be wholly at variance with any
system of the classification of ore deposits which has hitherto been adopted,
for these depend to a very great extent upon the external form of ore bodies.
Von Cotta says:" "I divide all ore deposits primarily according to their
form into regular and irregular. The former fall into two groups, beds and
veins; the latter into stocks and impregnations." In the next paragraph he
says: "A single aggregation of o~e may consist of several separate deposits
of different forms." These passages make it as clear as possible that von
Cotta regarded a substantially regular tabular form as essential to a vein,

,t.
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VAllIOUS CLASSIFICATIONS OF ORE DEPOSITS.
Grilli. (1_).

Vou Cotta (18111).

I.-Deposits of regular I.-Ore·bearing strata [de.
posita in which th~ ore
form:
is an essential constit1. Beds.
o. Ueta11lferoaa .trata
uent of the country
aud eoAl.
rock]:
b. Place....
2. Veina (gRnge-).
.. OrdlDaryvelna (Quer.

aiDee t ).
b. Bed velDe
giDge e).

(Lager·

o. Contact vebUl.
d. Lentlcnlarveln, (Len.

1. Original dlsaeml na·
.tiona.
2. Secondary diaseminatioDII.
II.

Plaoe....

II.

()re.bearIuc howldera.

Voa Groddeak (l87I).

I •...:.Primary deposita:
1. Stratified depoel.ta.
.. CompKt ore_.
b. 8eame with dlMeml·
Da&eclore.
o. Ore hecla.

2. Deposita forming orig.
inal portions of masaive rookll.
3. Deposita forming the
filling of cavities.
•. VebUl:

ID _Ive

rocu; lD atntl1led
rocks.

ttculArgiDp4).

II. Cave 81l1nJ18.

4. Deposita formed by
metamorph i am 0 r
subatitution.

lI.-Deposits of irregular ·U.-Beparate deposita of
form:
ore [deposita in which
1. Sharply defined bodies
the ore is distinct from
(atooks' ).
the country rock] :
o. Retlcnlated Te.inl
(Stockwarb I ).
b. Contact etooke (Con·
tactetOOite).
c. Cave flllin,. (Hoblen.

aaafiilluD,eD).
d.

BUtzeD.!!

II.-Becond~ry

or detrital

deposita.

1. Tabular masaes.
.. Beda.
II. VelDa.
o. Segregated IOn"..

2. Deposits of irregular
form.

c. Racbeln.,
/. RiDner.'

o. Bedded m_.
II. X-". Independent

g. l.'ucbeu(pocitete).
A. Neeter, Nleren, (D".ta,

of .tratlflcatlOD.'
c. RetIculated TelDe.

kidney.), ete.

-The German word Gang comprisea the English worda lode, vein, and dike.
·Veina which cnt the at·ratification of formations if th" country rock is stratified.
e Veins between the strata of a formation which have been formed since the rook was deposited.
dSimilar to gash veina, only not coming to the aurface.
-Von Cotta !DBkeR a ~h~AT!, dhr!eion between ore ~nd CO!H!tty TOOk ~ pArt or the definition of
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the quartzite and the Ruby Hill fault. Prof. R. Pumpellyalso has published, in J ohn80n's Encyclopedia, a classification of ore deposits according
to which, however, the ore deposits of Ruby Hill as a whole would be 8S
far removed from typical veins 88 in the other sy~tems. Some of the ore
bodies in the limestone wedge are well-defined veins, and when they connect with each other they can be considered as parts of the same lode.
IIIDera' 4eliDltloD or l04e.-N evertheless, it will be conceded that the miners'
definition of the word lode, however indefinite it may be, has a much more
comprehensive meaning. Dr. Raymond, in his testimony in the Richmond
and Eureka law8uit,c' says: "The whole subject of the classification of mineral deposits is one in which the interests ·of the miner have entirely overridden the reasonings of the chemists and geologists. The miners made
the definition first. As used by miners before being defined by any authority it [lode] simply meant that formation by which the miner could be
led or guided. It is an alteration of the word lead; and whatever the
miner could follow, expecting to find ore, was his lode. Some formation,
within which he could find ore and out of which he could not expect to
find ore, was his lode." The mining law of the United States as interpreted
by the courts also gives a broader signification to the word lode
Nec:eaalty or • better clauificatiOD or ore 4epoalta.-The different definitions of the word
lode have given rise to a great deal of discussion in the courts, and a classification ?f ore deposits which would reconcile the adverse views would tend
to simplify the question for the miner, the lawyer, and the geologis.t. Mr.
S. F. Emmons," while introducing the classifications of Messrs. von Cotta,
Grimm, von Groddeck, andPumpelly, in his abstract of a report upon
Leadville, Colorado, recognizes the necessity of a more satisfactory classification. He says: "That the difference of origin and manner of formation
should be a more important factor ~n the classification of ore deposits than

•
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CHAPTER XI.
ASSAYING.
country roc:k.-With a view to discovering, if possible, th~
source of the ore in the mines of Eureka Distdct, numerous and careful
assays of all the different kinds of country rock in the neighborhood of th~
ore bodies were made by the author. As the quantity of the preciousmetals contained in any of these rocks is extremely small, it was necessary
to take unusual precautions in order to determine with any degree of exactitude the amounts of gold and silver present. Assayers do not ordinarily
attempt to estimate with accuracy any values of either gold or silver lessthan one dollar to the ton (0.0001659 gold or 0.0026518 per cent. silver),
and as the country rock of this district never contains so m\lch as this,
particularly delicate methods were required in the determination of theactual quantities of these metals.
Difllculty of obtaininc pure lea4.-0ne of the principal obstacles to be overcomein obtaining satisfactory results in the assaying of all rocks containing very
small percentages of the precious metals, is the difficulty of obtaining a.
lead flux which does not contain very appreciable amounts of gold and silver. The purest litharge which it was possible to obtain from dealers containedfrom 10 to 50 cents of silver to the ton of 2,000 pounds (O.00026b2
to 0.0013259 per cent.), and as it was necessary to use from twice to thre~
times as much litharge as the weight o~ the material assayed almost all the
Object 01 -ytOC
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variable composition, and no mechanioal method of mixing is sufficient to
bring about the degree of homogeneity requu-ed. The smaller the relation
of the silver in the rock under 8ssay to the silver in the litharge the greater
is the uncertainty arising from the argentiferous character of the flux, and
unle88 the litharge is nearly pure it is impossible to discri~inate between
errors arising from this cause and those due to insufficiency in the time of
melting, imperfect fluidity of the slag, and the like.
QUlII1tity of reduel"" material Deceuary.-The weight of the lead button is dependent upon the amount of reducing material used in the flux and the amount
of sesquioxides present in the rock, which it is necessary to reduce to protoxides, provided reducing gases be excluded. As there were no other
sesquioxides than that of iron present, and this only in very small quantities, the weight of the lead button was not materially altered in that way.
For reasons which will be given hereafter, it was found advisable not to
use sufficient reducing matter to exclude all the oxide of lead from the slag.
RelatloD of the aIlver to the amoUDt of lead reduced.-Experiments made with different
quantities of reducing material upon the same flux showed that part of the
silver in the litharge went into the 1?utton of metallic lead, while a part of
it remained in the unreduced litharge in the slag. As might naturally be
supposed, the proportion of silver to lead in the reduced button was always
greater than in the litharge employed. The proportion of silver to lead
also increased with the time during which the flux was kept melted and
varied with the temperature and perhaps with other circumstances in such
a manner that no law governing the proportions in which the two metalswere reduced could be detected. When rich litharge, or litharge containing very appreciable amounts of silver, was used, it was therefore impossible to estimate with any sufficient degree of accuracy the amount of silver
from the litharl!'e which is united with that of the rock in the lead button.
S,,]
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White lead (carbonate of lead), sugar of lead (acetate
of lead), and the best granulated lead ordinarily contain upwards of ten
cents to the ton (0.00026!; per cent.), and although any of them may be
used in assaying rocks containing less than 50 cents to the ton (0.00J825
per cent.), yet .the results obtained are more or less uncertain, and are not
at all to be relied upon in very poor rocks, such, for instance, as carry
below 10 cents to the ton (0.000265 per cent.). Moreover, the carbonate
of lead, owing to the carbonic acid it contains, is liable to boil over in the
crucible, though this can be obviated by a previous calcining. A like objection can be made to the acetate, the acetic acid of which contains more
carbon than is needed to reduce the oxide of lead. If it is used in itS
natural state it swells up, and after the acetic acid is decomposed the residual carbon thickens the slag and prevents the proper settling of the globules
of lead which everywhere permeate the mass. This difficulty, however,
can also be remedied by a previous calcining. Granulated metallic lead,
though otherwise unobjectionable, melts too quickly and unites at once in
a mass at the bottom of the crucible, thereby preventing every particle of
the powdered rock from coming in direct contact with it; and although
such an intimate contact is unnecessary in assaying ordinary ores, it is
found indispensable where the material to be assayed contains such extremely small quantities of the precious metals as do the ordinary country
rocks of a mining region.
Oxide of lead required in the slag.-It has been remarked that the slag is the better
for the presence of oxide of lead. This is notably the case when the rock
treated is silicious, as in combination with other bases it renders the silicate
formed more fusible and liquid. Litharge seems also to attack quartz more
energetically than even soda or potash. Even in those rocks which cont~in scarcely anything but carbonate of lime it is found to assist in the
Durer-t IdMoI of' JMd.-
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Rozan method, containing about 81 to the ton (0.00265 per cent.), was
cupelled on a fresh bone-ash test in an English refining furnace. The
first 300 pounds of litharge resulting from this cupellation· ran very poor,
containing scarcely 2 cents to the ton (0.000058 per cent). The litharge
which followed gradually increased in value until toward the last it contained nearly as much as the original lead. rrhis last litharge was reduced by
charcoal in a black-lead crucible, and the resulting lead was again cupelled,
yielding an excellent quality of litharge. Upon reducing and recupelling
the best litharge it was found that the percentage of silver was but little
reduced, showing that a point can be reached in the process of desH veriza- •
tion at which it is not practicable to separate the silver from the lead by
cupellation. The refined litharge also contained a trace of gold, but the
quantity was so exceedingly small that it was neglected in the estimation
of gold values in assays of single samples.
A ...yiDctbelitbarce.-In assaying the litharge itself an interestin~ phenomenon was observed. If the litharge was mixed with sufficient charcoal to
eflect its reduction and the resulting lead was cupelled, it was found that a
very much smaller quantity of silver was obtained than if the usual flux,
consisting of bicarbonate of soda .and bitartrate of potash, was used. To
what imperfection in the process this is due is not clear. The proportional
loss with ordinru'y litharge is much smaller than with that which contains
extraordinarily litt~e silver.
Experiment•.-The following experiment.s illustrating the fact were made
in duplicate, in order that the results might be conclusive: (a) KilO grains
litharge were reduced with 600 grains bicarbonate of soda, 200 grains bitartrate of potash, and 200 grains borax. Silver resulting from cupellation, 6
cent!:; per ton (0.OUOI59 per cent.). (b) 800 gt'ains litharge were reduced with
600 grains bicarbonate of soda and 200 grains tartrate of potash. Silver
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R_ulta.-From these experiments it will be Been that the largest amount
of silver was obtained from the method employed in (1.1), and that the .addition of borax increased the quantity of silver where charcoal W88 not used
as the reducing agent. It is probable that the effect of the borax was
merely a mechanical one, facilitating the settling of the minute particles of
lead by rendering the slag more liquid, and that it had no reducing power
on the silver in whatever form that metal may have been. In all these
assays two hours were occupied in melting, and the lead buttons were
cupelled at the lowest possible t.emperature.
Experiments in reducln, qents.-Several experiments were made to determine the
best reducing agents, and bitartrate of potash was found to give better
results than any other. Upon the application of heat this substance is
decomposed into carbonate of potash and carbon, both of which act energetically upon the substances to be reduced. Borax in the presence of
strong reducing agents never takes up silver, even when it is used in considerable quantity.
Compo.ltlon offtux.-The following is the composition of the flux used with
377.09 grains of the limestones of Eureka District:
GraiDI.

Litharge. . . . .. . . . . .. ..•.•. ... . .. .................
Bicarbonate of soda .....• ,. • .. . .. . .. . .. .. .......
Bitartrate of potash .•• •...•...•..................
Borax. . . . .. . . . . .. .................. .•...........

770
580

165
400

With but slight modifications this flux &Dswers for almost any country rock.
Wei,hts uaed.-The weight adopted for the assays of the Eureka rocks, as
well as those of the Comstock made for Mr. G. F. Becker, was :177.09 g~·aills.
Grains were employed instead of grams, as they correspond with theOerding Rssay weights used with the latest improved Becker balance, and
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in &. charcoal draft furnace, which would admit four No. 10 French crucibles at once. The fuel employed was charcoal made from the pinon pine,
and it was scarcely inferior in heating power to coke. The heat was kept
as nearly as possible at a point a little below the melting point of cast iron,
and experience showed that after two hours the silver obtained no longer
increased nor yet perceptibly diminished. With a higher temperature it
may be that the time might be shortened, but taking into consideration the
volatility of silver at high temperatures this expedient cannot be considered
advisable. When the melting was less prolonged the maximum amount of
silver was never obtained; indeed, in a series of careful experiments made·
to determine the best time of melting, it was found that some assays which
had been~kept at a melting heat too short a time, though thoroughly melted,
yielded less silver than the litharge alone was known to contain.
CUpeUatiOD and cupe1••-The lead buttons were cupelled in a small muftle
furnace, the heat of which could be easily regulated, the fuel employed
being also charcoal. Usually but two cupellations were carried on at one
time and great care was taken to reduce the loss by cupellation to a minimum by keeping the heat at the lowest temperature consistent with the
()xidation of the lead. In order that the heat should be maintained at the
lowest possible point, the cupels used were made from one part of fine
leached wood ashes and two parts of bone ashes. The ashes were those
resulting from the burning of cedar wood, the most available wood containing little silica. The cupels were prepared in the following manner:
The mold was filled with the requisite amount of the moistened mixture
of the two ashes and the mass was pressed into shape by the punch. Then
a coating of dry elutriated bone ash was spread over the top of the cupe),
the punch again inserted and driven home. In this way a cupel was obtained which had great absorbing power, allowed the lead to be cupelled
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but as the conditions attending this loss are dependent upon the quality ~f
the cupel and the character of the furnace and fire, it is not possible to accept the results obtained by them. as applicable in all cases. Some experiments upon the loss by cupellation were made for this inv~stigation, as
nearly as" possible under the same conditions as those existing in the assays
for the determination of small amounts of silver. It was found that when
the temperature was not too high for feather litharge to form and when the
draught was not too great, there was no perceptible loss of silver under .01
grain, which represents $1 to the ton of 2,000 pounds, notwithstanding
that this .01 grain was cupelled with 400 grains of lead. In fact, in most
hlstances, the button resulting from the cupellation of .01 grain or less of
silver with 400 grains of lead weighed from 0.5 to 10 per cent. more than the
actual amount of chemically pure silver cupelled with the lead. This excess is owing to the fact that the silver button obtained by cupellation is
never absolutely pure, but always contains from 0.2 to 5 pel' cent. lead, as
well as fine particles of the cupeI. rrhere is always a loss of silver in cupellation, but as this loss rarely exceeds 1 per cent. of the amount of silver
present it can be entirely neglected in rocks containing less than $1 to the
ton (0.00265 per cent.). This loss does not begin to be important until a
value of over $10 to the ton (00265 per cent.) is reached. When the contents in silver is less than .01 grain, or less than $1 to the ton of 2,000
pounds, and the amount of lead alloyed with it 400 grains or less, the buttOll resulting from the cupellation is invariably slightly in excess of the
actual quantity of silver contained in the alloy. With amounts of silver
exceeding .01 grain and lead exceeding 400 grains, up to a point where the
quant.ity of silver does not exceed .1 grain, the weight of the button does
not vary perceptibly,· no matter what may be the quantity of lead (within
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that it ~ake8 no perceptible difference whether 100 or 1,000 grains of lead
are used with .1 grain of silver. It haS been pointed out that the loss of
silver compensated for in small buttons by the lead retained and it would
seem that this ought to be equally true of large ones, but as a matter of
fact it is not, probably because large buttons remain for a longer time
melted, thereby being more completely cupelled. As the silver contained
in any of the country rocks of Eureka District scarcely ever reached 50
cents to the ton (0.001~25 per cent.) the assays can be regarded as unaffected
by any loss in cupellation. An experiment was made to test this inference,
and it was found that there was no perceptible loss in cupelling 50 cents
(.005 grain) of silver with 400 grains of lead at a temperature considerably
above that required for proper .cupellation.
ExperimeDta.-In regard to the Joss by cupellation in general the following
experiments may be of interest as showing the differences in loss at various
points in the mufIle.
Nine assays, each containing [) grains silver and 30 grains lead, were'
cupelled and the losses expressed in thousandths of the unit of 5 grains
attending each, with the number of the assay, are shown in the diagram of
the muffie in the position occupied by the corresponding cupel:

is

Back of muftle.

880

G0G
000
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be observed that Nos. 9, 6, and 3 were finished first, showing that the draft
on th,at side of the muffie was the strongest. The assay which 8ho~ed the
least loss was No.7, which was in a position where the draft was the least
and the temperature the lowest and where the cupellation occupied nearly
the maximum time. The quantity of lead used with these assays was considerably more than was necessary for a proper cupellation. It was used
in order to render the differences in loss as palpable as possible.
Six assays of 5 grains silver with 25 grains lead gave the following
result:
Back of muiDe.

880

000

FIo. 4.-Position of oupelll in mume.

•

The order in which they were removed was 6-3-2-5-1-4; 5-1-4 being
finished at about the same moment. Here, also, the draft was greatest on
the right side of the muffie, and No.4, which occ~pied the position of No.7
in the former experiment, exhibited the least loss. The quantity of lead
was still too great for perfect cupellation.
'
Two assays of 5 grains silver with 15 grains lead, cupelled side by side,
gave a loss of 3.5 and 3.8 thousandths of the unit of 5 grains. This loss
I
•
it iB
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was therefore resorted'to. After they were loosened ·from th~ bone ash, the
cupel was tipped up and the buttons were allowed to fall upon a polished
steel anvil. When struck by a polished steel hammer any adhering impurities were removed and the flattened button was found sticking to the face of
the hammer, from which it could be easily brushed into the scale-pan.
MUJler of we1chiq.-In the Becker balance, used in weighing the silver buttons, the right arm o~ the beam is divided into twenty parts. If a rider
weighing .005 grain is used each one of these spaces will represent .001
grain, and if a weight of rock equal to 377.09 grains is used in making the
assays each one of these parts will represent 10 cents to the ton, or 0.0002652
per cent. By placing a card-board scale, on which each one of these parts
is divided into ten, behind the beam and using a magnifying glass in front
of it the position of the rider between any two of the points marked on
the beam can be determined with accuracy up to one-tenth of the space,
which would represent a value of one cent to the ton (0.0000265 per cent.).
When new and in good order the Becker balance is sensitive up to .0001
grain, which represents a value of one cent to the ton. Allowing a difference of one cent (0.0000265 per cent.) one way or the other, it is safe to say
that buttons can be weighed with almost absolute accuracy up to within
two cents to the ton, or plus or minus one cent. As is well known, Barkort
and afterward Plattner, /I instead of attempting to weigh extremely small buttons, measured their diameters between two fine lines converging at a small
angle, which were engraved on an ivory scale. Very small silver buttons are
almost exactly spherical, and the method is therefore not only rational but calculated to give more exact results than weighing, but it requires very delicate
manipulation to place the button so that both lines are exactly tangent to it.
A common microscope with a micrometer eye-piece may be used instead of
Plattner's scale, and the measurement made both more rapidly and more
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reduction of t~e "pulp" and imperfect determination of the contents of'
th~ litharge. If proper care is taken in melting, most of the silver contained
in the rock can be collected in the lead button. It cannot be expected that.
all the silver will be obtained, but what remains in the slag can be reduced
to an almost constant quantity by reproducing in aU assays nearly thesame conditions, such as fineness of "pulp," length of time of melting,
quantity of flux, etc. Assays of 'the same rock have been repeated several
times with identically the same results_ The quantity of silver produced
after a certain point does not seem to vary perceptibly with the time during
which the assay is kept melted. The second source of inaccuracy is themore difficult to control, namely, the impossibility of obtaining a flux absolutely free from silver, or of correctly determining the amount of silver in
the button which is derived from that source.
ActioD of bitartrate of potub OD IItbarce.-The quantity of litharge used in assaying Eureka rocks was about 770 grains. To reduce this litharge 165 grains
of bitartrate of potash were added, and the resulting button of lead, when
reducing gases from the fire had 'i?een excluded as far as possible, usually
weighed in the neighborhood of 425 grains. Almost all the limestones in
Eureka district carry more or less'free carbon." The quantity of sesquioxideof iron present was ;0 slight that only a very small portion of ~he carbon
was absorbed in reducing it to the protoxide (FeO.). Where there was
any quantity of that mineral present in the rock it was necessary to increase
the amount of bitartrate used in order to obtain a lead button of about 425grains in weight.
Beariq of tbe an"er ID tbe Iitharce OD tbe re.uth.-The silver contained in the 425grains of lead reduced from the 770 grains of litharge was 6, cents per ton
(0.0001591 per cent.) when the flux itself was assayed. This amount scarcely
ever varied, but frequent check assays were made. When peroxide of iron
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was, however, not proportional to the weight of the lead, as has been explained
before. The difference, however, between buttons weighing 300 grains and
those weighing 500 grains never exceeded 2 cents (0.000053 per cent.), and
it is therefore safe to say that when the lead button did not vary more than
25 grains either way from 425 grains the possible difference could not exceed one cent (0.0000265 per cent.). Allowing 2 centS (0.000053 per cent.),
or plus or minus one cent for inaccuracies in weighing, the total amount of
all the possible inaccuracies can be reckoned at 3 cents (0.0000795 per
cent.), or plus or minus I! cents.
Reeum6 of errora.-The possible errors in the silver assay as it has been
described are the following: Inaccuracies in weighing the "pulp"; imperfect fluxing; insufficiency of the time of melting; impurity of the litharge;
loss by cupellation; mechanical losses; and inaccuracies in weighing the
silver button. All these errors, with the exception of those caused by silver
in the litharge and the inaccuracies in weighing the silver button, are so
infinitesimal, when the assay.,has been properly conducted, that they may be
neglected altogether. The other two sources of error, the litharge and the
balance together, cannot change the results more than three cents, and the
influence of the latter of thes~ can be very much reduced by the substitution
of a microscope with a micrometer eye-piece for the balance.
s.tlmatloD of co14.-The determination of the amount of gold in any country
rock where it ~s'present in extremely small quantities is attended with great.
difficulties. It is scarcely ever 88 much in value as the silver and is always
very much less in quantity. It is only by the concentration of a largenumber of assays that it can be determined at all, and the results even of
this method are not always reliable. It is impo88ible to obtain litharge freefrom gold as well as silver, and it is much more difficult to determine its
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collectively would weigh about 400 grains, were removed from the cupels
and placed in a scorifier in the muftle with 5 grains of borax glass. When
the mass was thoroughly melted it was poured into a mold and the lead
was again cupelled. The gold in the rock was all determined by concentrated assays in this manner, except when a series of assays were made
from samples taken near together. In this latter case the' average value in
gold was determined by dissolving the whole number of the silver buttons.
Un of U8&)'L-While various purposes may be subserved by assays of
country rocks the main objects of those here described were first to ascertain in which of the rocks the precious metals could be detected, and second
to trace the variations of tenor in different occurrences of the same rock.
As a qualitative method exception can scarcely be taken to the dry assay,
while even if the degree of accuracy reached in determining the absolute
contents in precious metals of the Eureka rocks has been overestimated,
the value of the results would scarcely be impaired; for it will hardly be
denied that the results form a sufficient basis fQr a comparison of different
samples of the same rock all containing very small quantities of silver and
gold. For the purposes of this report it makes very little difference whether
a certain mass of limestone really contains 10 cents or 20 cents, if it can
be proved that a second body of limestone contains twice as much, or it
may be half as mudl. In other words the main purpose was to ascertain
the relative contents, not the absolute contents, of the samples assayed.
Even if the methods employed were ideally exact it would be impossible
to calculate the metallic contents of any large blocks of ground with precision, since it would be impossible to obtain samples which should correctly
represent the average of the mass. The following pages contain all the
assays of Eureka rocks, except those which were given in the chapter on
the source of the ore, as well 88 some special determinations which were
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SAMPLES TAKEN EVERY EIGHT FEET IN THE SECOND CROSS-CUT ON THE FOURTH
LEVEL OF THE EUREKA. MINE, BEGINNING AT THE JUNCTION.
DeIorIptiou.
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Brow Dlah cruahed UmeatoDe. ••• •• •••• •• •••••• •••••.
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Yellowiah cl'1I8hedlimeatoDe •••••••••••• """"""
19
Blulah, IIlightly .taiDed, hard Umeatone • ••••• ••••••
K
Grayiah llmeatoDe, much cnuhedt ••••••••••••••••.••••••••••••••
Grayiah UmeatoDe, harder •••••• .••• •• ••••••• ••• •••.
~
Graylah llmealoDe .•.... .••••. •••••••••••• •••••.••••
80
Grayiah UmeatoDe, more lmIken. ••••• •••••• ••••••••
81
White UmeetoDo, Dot very hard. •••••• •••••• ••••••••
27
•••••. do .••••. •••••• •••••. ••••••• •••••. ••••••. ••.••••
19
Cl'UlIhed, broken, apotted Umeatone. •••••• •••••••••.
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BrokeD. graylah UmeatoDe . ••••• . ••• •• •••••• •• •• ••••
110
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...... do .............................................
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...... do ............................................
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...... do .............................................
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...... do .............................................
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()roshed, blulah llm.e ..........................
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Same, more compact.................. ..............
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Cruahed, brokeD UmeatoDe ............. ....... .....
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...... do .............................................
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...... do .............................................
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• The averap value in gold ".. 8 _ta to the ton.
• Button loet In removln, from cupeL

SAMPLES TAKEN EVERY FIVE FEET IN SINKING THE RICHMOND SHAFT FROM THE
1,100 TO THE 1,200-FOOl' LEVEL.
Quartzite ......... .
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This quartzite contained iron pyrites and some molybdenite. All the
silver buttons were dissolved together, and the resulting gold gave an
average of 4 cents to each sample. The usual flux was employed in assaying this rock, except that 150 grains bitartrate of potash and 850 grains of
borax were used.
ChJOrlDatlOll te.t of RldlmoD4 "reel" an4 "yellow" OR.-The finely pulverized sample
was leached for one week with hyposulphite of soda, and the difference between the assay value of the unleached samples and that of the leached
sample showed that 36.1 per cent. of the silver contained in the ore was in
the form of chloride.
A.88AYS OF VARIOUS ROCKS.
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Weathered lIm.tooe from Wp of Ruby HIll, near U.8.

,

:Bureb quandte from Caribou mil, ........ of four AID·

Geoloclcal8~"ey

I

e
7
8

orr-.

I
.fa

mODument.................. ......... ........ Traoe.

orr-.
orr-.

pis... . .. ...... ............ ...... ...... . ... ...... .......
10
Qaartalte from near Kembree abaft lID Adam. Hill.......
Qaartalte from end of _ t OD thUd level of the Al·
blOD mlDe ........ _ ............................................. ~
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&UlPLES TAKEN 30 FEET APART, BEGINNING AT THE END OF THE FIRST OROSS-OUT Dr
THE "nONT" LDlESTONE ON THE SIXTH LEVEL OF THE K. X.
JTca.
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-The determinations were made in the
folJowing manner: Ol!e hundred grains of finely pulverized rock were dissolved in hot cblorhydric acid, filtered, and the residue was dried at above
100 0 and weighed. This insoluble part was ignited and the carbon determined by difference.
DetermIll.t1C11l of c:uboD ID YUlO1l.1Ime8toD...

JTo.

1

I

»-rIpUoD.

B1ult lime.toDe .t OODtaet With qaart.lte OIl the oro.. out fI-. 8haft l.aoo-toot level of the )uohDHllld. lJI·
lIOIuble matter 1.1 per _t .••.•.•.•..•.... : ....•.•••••••
"JIaolt "lime8toDe at eDd of CI'OU-CUt OD the _ t i l level
of the Rlohmond• ..lJI8oluhle matter 7.24 per _ $ ••.•..

Per_"

oarboD.

01

1.110

O.M

A great deal of the limestone between the main and secondary fissures
carries free carbon, the amount sometimes reaching 1 per cent.
An examination was made of the clay from the main fissure from all
the points where it is exposed in the Eureka mine, for the purpose of determining the quantity of the carbonates of lime, etc., which it contained.
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This porphyry occurs in the
form of a dike in the above-mentioned mine. It contains numerous cubes
of pyrite distributed throughout its mass, which sometimes measure as much
8S one-eighth of an inch. The pyrite is bright, and shows no signs of weathering except where it has been exposed for some time to the action of the
air. Clean crystals of this pyrite were pieked from the matrix and were
assayed for gold and silver, 377.09 grains being pulverized and roasted
sweet in the muffle. The roasted mass was mixed with 770 grains litharge,
580 grains bicarbonate of soda, 270 grains bitartrate of potash, and 700
grains borax. The whole mass was melted two and one-half hours and the
resulting lead button cupelled.
BzamiutioD of qaaru-porpb:yry from the Bullwbacker mlae.-

Per cent.

Valne in silver, 65 cents .•• __ ....... _., , '.' .... 0.0017236
Valne in gold, 80 cents ....... , • , • . • . • • ... • .... 0.0001327

The amount of silver and gold contained in this pOl'phyry when it was
assayed without separating the pyrite was:
Per cent.

Silver,6 cents ...........
Gold, 12 cents ..

e'

e e ••••••• ,

e ............. e ....

•• ,

,

_.

'"

e ,

•

,

••• ,

• •

•

•

0.0001591
0.0000199

From this it will be seen that the ratio of the gold to the silver was
greater in the porphyry than it was in the pyrite itself, and that either the
coarse crystals of pyrite (those that were selected for assay) were purer
than the fine crystals, which is highly improbable, or that the porphyry
carried gold and silver independently of the pyrite. Usually pyrite is
found to be the matrix of gold and not of silver, but in this instance these
relations seem to have been reversed.
A sample of porphyry from the surface, in which the pyrite had been
completely decomposed by the continued action of the atmosphere, gave
very nearly the same amounts of gold and silver as that which contained
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That the iron pyrite did not carry aU the gold and silver in this porphyry
is shown by the fact that it contained' when assayed separately only 80
'cents (0.0001327 per cent.) gold and 65 cents (0.0017236 per cent.) silver,
whereas it should have assayed 86.34 (0.0010518 per cent.) gold and
$3.17 (0.0085062 per cent.) silver, there being 1.89 per cent. of it in the
porphyry, had it contained all the precious metals present in that rock.
There seems to be no doubt that, the iron pyrite present in this porphyry
is a secondary product; that is to say, that it was not crystallized out of the
melted mass when it cooled, but that it was formed later either through the
action of sulphureted hydrogen or sulphur in some other form upon the
iron contained in the rock. It is difficult to conceive of the formation of
pyrite from a melted mass under conditions which would permit of the iron
retaining the extra atom of sulphur necessary to its composition. As it is
evident that this porphyry contains silver and gold independent of that in
the pyrite, it is highly probable that these metals were present in that rock
before the formation of the pyrite, and that the same causes, probably those
of solfataric action, which brought about the formation of the pyrite, effected
a partial concentration of the silver and gold in this mineral.
This porphyry was also examined for lead. The ordinary met~od~ of
analysis failed to reveal its presence, although it was thought highly probable that it entered into combination with the rock in very minute quantities. I adopted the following method, founded on the well-known tendency
of gold to retain small quantities of lead even when in 8. melted state and
exposed to the air. Forty grammes of the finely-pulverized porphyry wt>re
mixed with 150 grammes of carbonate of potash in a porcelain dish, and
the whole was moistened with an acid solution of terchloride of gold which
contained 10 grammes of gold. The mass was dried and fused for four
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,gold. The residue was di880lved in nitric acid and. filtered. The gold pre-cipitated was treated with hot nitric acid to remove any oxalate of lead
present; filtered, and this nitric acid solution was added to the fi1'8t nitric
.acid solution obtained, and the whole evaporated to a small bulk, about 1
~. c. This was divided into two portions. One was tested with diluted
.sulphuric acid and the insoluble sulphate of lead was obtained; the second
portion was tested with potassic .chromate, .when chromate of lead was pre.cipitated and crystallized by boiling. The whole of the lead was then converted into sulphate and weighed. The weight was 0.0033 grl\mmes. That
1here mi~ht be no question as to the character of the compound, the sulphate was finally reduced to metallic lead. The 0.0033 grammes (0.00825
per cent) do not represent all the lead that was probably contained in the
porphyry, as there was no doubt some loss, but the result is sufficiently accu-rate to establish the fact that. this rock, although (,,onsiderably metamorphosed, contained appreciable amounts of lead as well as gold and silver.
As the assay value of the porphyry in silver was 6 cents (0.0001591 per
.cent), there was about 52 times as much lead present as silver.

(

OHAPTER XII.
PROSPECTING.

1lIle.-The method of prospecting adopted by the superintendents of the mines on Ruby Hill has been
80mewhat different in the two regions which are separated by the compromise line. This line, which was adopted by the Richmond and Eureka
-companies as a boundary line between their respective claims, seems also to
have been a natural diVision, 88 the ground on either side of it in the belt
-of mineral limestone exhibits somewhat different structural features. This
difference has been fully explained in the chapter on the structure of Ruby
Hill. The fact that most of the bodies of ore found during the earlier
. workings lay near the quartzite in the mines southeast of the compromise
line, caused the adoption of a method of prospecting which consisted in
-sinking perpendicular shafts in the limestone, driving cross-cuts to the
-quartzite, which was called the foot wall, and running levels along the contact of that rock and the limestone. When this contact wl{S not so irregular that the drifts became longer and more expensive than the advantages
.-of a clay seam warranted, the levels were kept close along the quartzite,
and cross drifts were run off into the limestone where indications were
favorable for finding ore. Where the course of the quartzite face was too
irregular the levels were driven near it parallel to its general direction. To
Methode of prMpectIq III mill.. eoutheut of the comproml..
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some of these "indications." Ore bodies have sometimes been found after
drifting hundreds of feet through the hardest and most unfavorable looking
ground. This was the case on the seventh level of the Richmond (see
Plate XIV.), where a drift had been run to make a connection. Where the
ore was first found there was no indication whatever of its proximity until
the ore body itself was encountered. The limestone was of a hard, compact nature and grayish color, and was not considered particularly favorable for ore. On the eighth and ninth levels some notice of the near approach to ore was given by stained limestone through which the drifts
pa~sed before it was reache~, and by a fissure. Since the discovery these
ore bodies on the different levels have been connected by upraises and
winzes, and a well-defined Ol'e channel has been established from the seventh
to the ninth levels, even connecting with the west ore body above the sixth.
True, the ore was not entirely continuous, but fissures, seams, and stained
limestone extended over the whole distance, forming a connection between
the ore bodies such that all of the latter would have been discovered if the
indications had been followed downward from the large ore body on the
fifth level.
Method of proepecti. In the Rlc:hmond.-Owing to the nature of the Richmond
ground it is doubtful. if the method of following the quartzite and limestone
contact adopted in the Eureka and other southeastern mines would have
been productive of good results. The ore bodies in the Richmond, with one
exception near the compromise line, do not touch the quartzite, but are invariably connected with some fissure. In the deeper workings of this mine it
has been customary to drive straight levels in the limestone, independently of
the quartzite, and to follow the fissures which may be encountered in all directions. Drifts are also run where other indications point to a possible ore body,
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may exist in that neighborhood in the upper levels, &8 there are no drifts
for any distance along the quartzite except on the fourth and sixth levels.
The company is now prosecuting a search in thi~ direction with reasonable hopes of 8uccess. In fact there is a great deal of ground in all the
upper levels of the Richmond mine which warrants systematic prospecting.
In the mines southeast of it, however, the limestone has been very thoroughly prospected down to the point where the two fissures come together,
and it is not likely that any very extensive ore bodies will ever be discovered in it, although it will probably be worked for a long time to come, for
the sake of the small masses of ore that have been overlooked or neglected.
The structure of the country in these mineahas been fully explained
and the existence of a second limestone wedge, below the lower belt of
shale, has been pointed out. The obvious method of prospecting this ground
is to sink shafts. through the lower belt of shale northeast of the present
workings and to drift in the underlying limestone. Such a system of prospecting is at present being carried on in the Eureka, and if successful "the
example of this company no doubt will be followed by the others. A crosssection of the old and new workings of the Eureka is given in Plate VIII.
As the two fissures in the Richmond mine are still very far apart, the
same methods of prospecting which were followed in the upper levels are
continued below.
lIetb048 ofproepectiDc OD ProtIpec:t 1I0UDtalD.-The methods of prospecting followed
in the large mines of Prospect Mountain do not differ much from those in
vogue on Ruby Hilt In the small mines the ore is usually followed from
the surface down, either by vertical or inclined shafts, and the ore is ex. tracted as the conditions of the ground permit. The Ruby-Dunderburg
and Hamburg mines, as well &8 several others, are worked systematically
with perpendicular shafts and levels run at stated intervals.
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. ing the ground below its level, and is only advantageous as a means of
ventilation Rnd as an exit for the water. Ground ·below the tunnel level
can be worked and drained to advantage only by the help of a vertiCil
shaft from the surface,' and such a shaft costs as much as if there was- no
tunneL The advantages of the tunnel system in. Prospect Mountain, however, as a means of prospecting are numerous. In the first place, owing to
the topography of the country, it is possible in many places to gain a foot or
more in depth with every two feet of tunnel. Again, the deposits are found
throughout a belt of limestone over a mile in width, and are as likely to be
discovered by a tunnel as a shaft. Moreover, many of the claims on the
surface are owned by small companies, which cannot afford expensive hoisting machinery, but which could pay their proportion of the outlay necessary for the part of the tunnel developing their ground.
The presence of ore cannot be predicted with certainty, but this much
at least can be said, that all the indications, and the results so far obtained,
point to the existence of numerous ore bodies in the heart of Prospect
lIountain, and although mining for the precious metals has not been
reduced to anything like as great a certainty as is the case with coal and
iron mining, a skillful use of the knowledge already obtainable will in
some measure reduce risks which invariably attend mining operations. The
air and ventilation are good in all the mines of the district where proper connectioDs have been made, even in the lower levels.
Electrlcal obllervatioD IlDd ...."..-In describing the second list of 88says, page
84, reference was made to some observations by Dr. Barns in the Richmond mine in regard to the electrical activity of ore bodies_ Mr. Becker,
in summarizing this investigation," says: "Of the different surveys made t
the- one on the 600-foot level of the Richmond mine, west drift, presents
the greatest interest, because it was here that all the precautions neces-
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method. It was found that the distribution of potential along the length of
the drift, even after an interval of four months, has not matE'rially.changed,
and that on pa88ing from barren rock toward and across the ore body,
small, though decided, variatiC¥ls of potential were encountered in its.
vicinity.
"Results.-The electrical effects observed were too distinctly pronounced to be referable to an aggregate of incidental errors, and they
were of the character which must have been produced had the ore bodies
been the seat of an electromotive force. The experiments made cannot be
said to have settled the question as to whether lode currents will or will not
be of practical assistance to the prospector. Indeed, as yet it cannot even
be asserted with full assurance that the currents obtained are due to the ore
bodies. What has been observed is simply a local electrical effect sufficiently coincident with the ore body to afford in itself fair grounds for the
assumption that these contained the cause. Giving the investigations of
Fox and Reich proper weight, however, the supposition that the currents in
the Ricbmond mine were not due to the ore bodies is exceedingly improbable. But unfortunately they are so weak as to req~ire an almost impracticable delicacy in the researches designed to detect and estimate them. It is
highly probable that under certain circumstances more powerful cun'ents.
are generated than those found in Eureka. It is not unlikely, for example,
that galena, cinnabar, and the copper sulphosalts produce electrical effects
of far greater magnitude, and that the method might be readily available
for the discovery of such ores. The results thus give much encouragement
to further investigations in this direction."
Fig. 5, page 144, represents the plotted curve resulting from Dr. Barns's
determination of potentials, and Fig. 6, same page, represents the curve
resulting from the plotting of the assay values of the samples taken from

•
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time after Dr. Barus's electrical experiments, but before -his results were
known to me. Fig. 2, page 82, represents the position of the points I., 11.,
Ill, etc., as well as the relations of the ore bodies to the formations. Mr.
Becker, in his summary, states that the q¥estion of the practical value of
lode currents to the prospector has not yet been settled.
The same may be said to be true of the value of the assays of country
rock asa means of determining the positions of ore bodies. Nevertheless
the coincidence of the two curves just mentioned, although by no means complete, is yet too remarkable to be overlooked. The assays taken at points

FIG. 5.-Electric curve.

FIG. 6.-Assay curve.

XIII. and XIV. are abnormal. Although other assays were taken afterwards at these two points, no assays as low as XIII. nor anything as high
as XIV. were obtained. If, therefore, the assays XIII. and XIV. were left
out, and the points XII. and XV. joined by a straight line, a curve almost
identical with that of Dr. Barus would result.
Practical un 0' ....ylnC In pro.pectlnc 'or oR.-There are many things that render it
a very difficult matter to make practical 11se of the assay value of the
country rock in prospecting for ore bodies. The maximum differences between the various specimens are in any case small; ordinarily the country
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rock is not .of a sufficiently homogeneous character to exhibit a uniform.
increase in value as an ore body is approached. Usually when there is a
marked increase in this value there are other indications of the presence of
ore bodies, such as stained and broken rock, fissures, and like phenomena,
which lead the miner in the proper direction; and the determination of the
direction in which an ore body lies from a point in a drift where good assays
have been obtained is a very difficult matter, while prospecting in a wrong
direction i8 always a very expensive affair. At a remote point, where data
indicating the direction of an ore body would be of exceeding utility, the
relative differences in the 8ssays are so small that no marked advantage can
be .obtained from them and they would be very liable to mislead the prospector. Notwithstanding theSe drawbacks, it is pOBBible to render the
8B88ying of country rock of practical advantage, especially when the
diamond drill is used as a means of prospecting. Subsequent to the electrical experiments and to the determination of the values of the country
rock on the 600-foot level of the Richmond, a considerable body of ore was
discovered just a few feet below this level near the point XV., where the
electrical phenomena and the assays indicated the presence of ore. The
discovery was made, however, by following a stratum of ferric oxide in a
cross-drift a short distance from the main level, and was not due either to
Dr. Barus's experiments or the assays of country rock, as before the discovery
of this ore body it was supposed that the pheriomena observed were referable
to the large body of ore which existed above this level. This body of ore,
however, was further removed from point XV. than the ore sU8sequently
discovered.
The correspondence between the assay values of the rock and the
values of electrical potentials found by Dr. Barns is clearly not accidental.
If it is possible that t~e phenomena are connected as cause and effect, or
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series of phenomena are to be regarded as two effects of one cause, and are
not immediately dependent upon one another, each affords a remarkable
confirmation of the inferences which would be most naturally drawn from
the other. The facts were submitted to Dr. Barns for his opinion, which is
88 follows:
"It is entirely impossible that there should be any direct connection between the assay value of the rock at a gi ven point and the value of earth pot.ential for the same point. .The nature of the distribution of electrical potential
can be made clear to those unfamiliar with the subject by the aid of an analogy. Instead of dl'awing inferences with reference to an ore body considered
as a source of electrical activity, I will suppose that we have to do with a hot
body, that is, one whose temperature is decidedly above that of the surround·
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FIo. 7.-Dlnatration of electrical activity.

ing rock. Let c b, Fig. 7, represent the surface of the earth. Let.A be an
area (in section) of constant high temperature beneath it. Suppose the
body has been in place for an indefinite length of time, so that the thermal
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"By an extension of the 88me reasoning, it is clear that if the surface
were level and horizontal, and if a complete thermal survey of the surface
were to be made, the result might be expressed by a series of isothermal
contours analogous to those by which topographical features are ordinarily
presented, and that the summit of an elevation on the thermal map would
lie vertically above the hot body.
.
" Similar methods of procedure and expression are applicable to a center
of electrical excitation. If the body were electrically active. an electrical
survey would result in the determination of a series of equi-potential contours lIeparated by a fixed difference of potential, and these would culminate
above the ore body. In short, replace temperature by potential, isothermal
by equi-potential, and the consideration made in reference to the hot body
will apply to an ore body, only that in the case of electrical excitation we
have to do with circumstances vastly more complex, with a body, 88 it were,
in part hot, in part cold, or one over which heat is irregularly distributed.
"The remarks made on the surface manifestations of a subterranean hot
body apply readily to any imaginary line or any imaginary plane lying beneath the surface and sufficiently near the hot body. To make the case perfectly general, however, we should have to consider the isothermal surfaces
themselves in their actual position and contour. The first of these would
completely envelop the hot body; whereas, subsequent ones intersect the surface of the ~h until finally they would become indistinguishable from the
normal terrestrial isothermal, as shown by the dotted lin.es in the figure.
Similarly, in the case of a detailed electrical investigation, it would be necesBBrY to trace the equi-potentials as surfaces surrounding and intersecting
the electrically active ore body. The presence of an ore body is evidently
manifested throughout the whole superficial and subterranean region in
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"The analogy between the electrical method and the method of assays
is cl~a.r, for in the latter advanta.g~ is also taken of the fact that the indications of ore occupy a greater space than the ore 'body itself. The differences are also clear, for while the assay method depends upon the solubility
of the ore, the permeability of the rock, the distribution of fissures, and the
like, the electrical method depends upon the distribution of electrical
activity in the body producing the effect, and upon the electrical conductivity of the surrounding rock. The two methods are, therefore, entirely
independent, and it is a particularly interesting fact that the results obtained
in the Richmond mine were accordant. Mr. Curtis and I have met with a
coincidence of two independent effects of the same cause, both of which
indicate in different ways the presence of ore in the vicinity of point XV.
of the 600-foot level of the Richmond mine. It is gratifying to find that
an ore body was actually discovered, subsequently to our experiments and
independently of them, precisely where we had most reason to look for it.
I greatly regret not to have been able to be present to study the distribution of potential relative to the new body in detail.
"There is one more remark with a bearing on these inferences which
I desire to make. The relation of the earth-potential encountered alol'lg
any line of electrical survey to distance, when expressed graphica.lly, appears
as a broken line possessing certain distinct characteristics. I proved, however, that the progress in the values of earth-potential, observed on passing
from one point of a drift to another, is continuous, and ,that therefore the
potential line in our diagram, however sinuous, never suffers a break of
continuity; whence it followl!I that we may regard the curves obtained as
containing unknown disturbing effects superimposed on the decidedly larger
electrical effect attributable to the ore bodies. I infer that in any extended
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the greatest care. And as many 88sayS as convenient should be- made in
order that local differences in the rock should be rendered 88 small as
po88ible. In mnning a drift, it would be well to take four 88sayS per day,
which might be used separately or averaged' Care should be taken to
e~clude all seams containing traces of o~, which can be 88sayed separately
if desired, 88 it is the enriching of the country rock itself that it is necessary
to observe.Great caution should be employed in making use of these assays and
the results should be carefully compared with other indications in the
country rock and the general structure of the ground With proper precautions the aBsaying of the country rock will in many instances become
an important aid to the miner. The method ·is better adapted to the discovery of large and irregular bodies of ore in a formation similar to that
in Eureka than it is to the search for small, though rich veins.
• The met.hode uaed in aaaaying the Emeka orea are fully explained in Chapter XL

•

OHAPTER XIII.
TRmUTE SYSTEM.

w.....-The wages paid to miners in Eureka District, 88 well 88 in most
mining camps of Nevada, are 84- per shift of ten houn. In most of the
mines on Ruby Hill the shafts are sunk and levels opened by contract, 88
are likewise drifts, cross-cuts, winzes, and upraises when driven in the
country rock. The companies furnish timber, lumber, and tools, and the
contractors candles, powder, fuse, etc. The waste is usually removed by
men paid by the company. The contract price varies with the kind and
size of the excavation and the hardness of the rock. For drifts run by the
Burleigh drill, the minimum price paid the miner is $5 per running foot,
and the maximum $12. The latter price is only paid in extraordinarily
compact and "short-breaking" ground; $9 per foot would be about the
average for haled ground. The cost per foot for blasting material is from
81.25 to 81.80. For drifts run by hand-drills the cost is from $6 to $14,
but the cost of blasting material is only about one-fifth of what it is when
Burleigh drills are used. In sinking shafts and winzes the cost is somewhat
greater. Where blasting is not necessary drifts are run for ]ess than $3
per foot, At these rates it is supposed that the miner will earn something
over $4 per shift, as contractors usually work harder than miners paid by
the day. As a matter of fact, however, contractors often make less than
$4, as work by the shift at those wages is usually scarce, and they prefer
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miners which has been in use for many years in Cornwall and elsewhere.
A general description of this system as it has been applied in the mines of
Eureka District will perhaps be of interest.
Tbetributeaystem.-In the year 1878, in the older workings of the Eureka
mine, there was a very considerable amount of ore which had not been extracted from the Ol'e chambers, either through oversight or improper mining.
Many small ore bodies also had been passed over as too poor or insignifi-cant to be worth removing, and there was reason to believe that undiscov.ered ore bodies of small size existed, as turned out to be the case.
In the year mentioned, Mr. T. J. Read, superintendent of the mine,
introduced the me~od of taking out ore on tribute, in order to utilize the
large quantities of it known to exist in the earlier workings. The ground
which was to be worked in this manner was divided up into blocks or
""pitches," as they are called by the Cornish miner. These pitches were
allotted to individuals or companies (which usually consisted of two men),
and 10 per cent. of the assay value in gold and silver of all ore above $40'
was paid to tributers. This rate was paid for about one year when it was
increased to 15 per cent. Then a new schedule of prices was arranged,
based upon the assay value of the ore: $6 pel' ton of 2,000 pounds was
paid for $40 ore and $30 for S100 ore, with proportional prices for the intervening grades. Finally, in 1881, still another schedule of prices was adopted:
$2.50 was paid for ore assaying 830 per ton, and 50 per cent. of all that it
assayed above $30. Thus $65 ore brought the tributer $2.50 plus $17.50,
or $20. The company furnishes tools, hoists the ore, and transports it to
the smelting works. The tributer supplies his own candles, fuse, powder,
·etc., as well as timber, buying them from th~ company at or near cost, handles
his own waste, and delivers his ore at the shaft. When a tributer runs a
prospecting drift and does not succeed in finding ore, it is not customary to
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Extracting ore under the tribute system has also been introduced in
the Richmond as well as in many other mines of the district, and it ha~
been found to work very well.
Advutq.. ud dlaadvlUltapa of the tribute a)'8teDl.-The tributers sometimes fill up
drifts and other workings which ought to be kept open, and injure the mine
generally, but this is the case only when they are not properly restricted
and the foreman of the mine does not attend to his duty. Ground worked
under the tribute system soon acquires an ill-kept, disorderly appearance
not calculated to impress visitors favorably. The approbation which orderly
galleries excites in the mind of a mining man is not founded on love of
neatness, however, but on the fact that it facilitate'k th'e operation of the
mine. It must be remembered that the ground is not given over to tributers
until it has been practically abandoned by the company, and that the ore
which is obtained in this manner is nearly clear gain; and since the ground
left by the tributers is entirely valueless, there is no object in maintaining
it in working order. In fact l extraction under the tribute system is analogous to cutting away the pillars of a coal seam rather than to more regular
mining operations.
Although some tributers are fortunate and discover valuable deposits
of ore, by far the greater number do not make miners' wages; but men generally, and miners in particular, prefer to run the risk of making nothing if
at the same time they have the chance of getting extraordinary remunera- .
tion for their labor. The difficulty of obtaining continuous employment at
day's pay also acts as an inducement to tributers. As the large ore bodies
are worked out, the demand for such labor decreases @d many miners are
thrown out of employment who prefer to work on tribute to seeking their
fortunes in new ~amps. As adopted in Eureka District the tribute system
has been very successful.

CHAPTER XIV.
TDlBERING IN THE EUREKA lUNES.

Themethocloftlmber!q.-The methods employed in timbering shafts and
drifts in the mines of the Eureka District do not differ in any material respect from those employed in other regions of the Pacific slope, while the
system adopted for preventing the ca"ing of excavated ore chambers originated on the Comstock, and has been described by},Ir J. D. Hague.- It il!l
now in use in all districts of the West where the size of the ore bodies has
~ade it necessary to depart from the methods usually employed in small
lodes. The framing of the timbers at Eureka, however, presents some particularities to which it is desirable to call attention.
Ph7aIcaJ Dature of the cWfereJlt ranD.tloD.-As a rule, the limestone composing the
ore-bearing zone requires but little timbering where it is penetrated by
drifts and winzes, and it is only where it has been crushed to a powder that
workings of this character need to be kept open by timbers. Where drifts
have been run along the line of the quartzite and limestone contact, timbering is almost always necessary, as the quartzite and accompanying clay
scale oft' and in the course of time fill up the drift. Drifts in the quartzite
itself stand better, but, nevertheless, often require timbers, especially where
there is much water. The~ are but few workings in the shale, but if there
were, much timbering would no doubt be required to keep the ground open
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of course require 80me timbers, but u8ually no more than are necessary
for the 8Upport of ladder-ways, etc. The Richmond shaft, over 1,200 feet
deep, which passes through shale, limestone, and quartzite, is only "cribbed"
for the entire distance with two-inch plank, except at the stations, where
timbers are used. Timbering, however, will eventually be necessary in this
,shaft, not only below the water level but above as well. Below the water
level the limestone stands very well, owing partly to its nature and partly
to the more compact character of the rock as depth is attained. The quartzite ought always to be timbered below the water level, and it would be
found more economical in the long run to timber all working shafts carefully.

FIG. 8.-Set of timbers.

Methodort,mberlnl.-Fig. 8 represents a complete set of rectangular timbers, as they are used in carrying up a stope in an ore body. These tim-
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"ben are similar in their general features to those in use on the Comstook.
It is only 88 regards the manner in which they are framed that they differ,;
.and even in this respect the differences are but slight.
When an ore body is enoountered in driving a drift, it is usual to plaoe
the first sill aoroM the drift, laying the ties parallel to the drift. This is'
{)one to retain 88 wide a space as possible for the passage of the car, the
:sill. being longer than the ties. In carryipg up the timbering the timber
which forms the cap of a lower set becomes the sill of the set above it.
'The same is the case with the ties. In beginning a stope the sills often
,consist of a long piece of timber in which the posts are mortised at their
usual distance apart. As each set is raised the caps are covered with twoinch plank,. and in this way floors are constructed. The spaces between
the floors and timbers are filled with waste, and thus a compact m88S is
formed from one side of the ore chamber to the other and from the bottom
to the top, which takes the place of the ore removed, and which is capable
{)f sustaining the enormous pressure exerted by the surrounding rock. The
-timbers are wedged and braced against the limestone walls of the cham-

,
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Sometimes the flooring is removed before the spaces between the timben
are filled.
Method of framillir III the RlduDoad __Fig. 9 represents the posts, caps, and ties 88
framed in the Richmond mine. The tenon of the post is 9 by 6 by H inohes;
that of the tie, 9t by 6 by a inohes. The tenon proper of the cap is 9
by 7t by 3 inches, but there are several shoulders on the cap made to fit
the spaces left between the post and tie. The dimensions of all these different parts can be seen in Fig. 9, and the manner in whioh they come together
in Fig. 8.
This method of framing is complicated, and therefore expensive, but it
is claimed that it gives great strength to the joint. Upon an examination
of Fig. 9 it will be observed that the tenons of the posts, and also some of the
shoulders of the caps, are cut somewhat short of what would be their proper
length if they were framed to meet exactly. This is to allow the timbers
to come together easily, 88 any irregularities in the joints caused either by
imperfeot cutting or subsequent warping would interfere with their proper
fitting were not Bome space allowed. This is the more necessary on account
. of the complicated system of joining. Pressure soon oauses any imperfect
parts to meet.
Method of f'IamIIlIr ill the BureIra.-Fig. 10 represents the timbers 88 they are·
framed at the Eureka mine. The tenon of the post is 8 by 8 by 2 inches,
that of the cap 6 by 8 by 4 inches, and that of the tie 12 by 8 by 2 inches.
The tenons of all these are also cut somewhat scant, but 88 there are not
so many shoulders 88 in the Richmond timbers they do not need 88 muoh
play and are easily fitted together. Timber men usually prefer the Eureka
to the Richmond method, contending that the timbers are equally strong
and more easily framed. The Eureka timbers seem best calculated to resist
pressnre from all sides? while those of the Richmond offer the greatest resist-
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is impouible to determine with any certainty what may be its ultimate
course, and consequently how the timbers should be placed. It is, therefore, well to b.ave a system of timbering which will be equally efFective in

FIG. IO.-Eureka framiDg.

all directions. When all the preBBure comes from above, which, however,
is rarely the case, it would be well to have the ends of the posts rest
directly on each other, not allowing the tenon of the caps to intervene.
, llaterWudm.oIthetIJDben.-The usual length of the posts i8 6 feet between
shoulders; that of the caps and ties 5 and. 4 feet, respectively. The timber
used is pine from the Sierra Nevada. It is hewn 12 by 12, 10 by 12, or
10 by 10 inches square, and is of excellent material. The ties used in the
Richmond are 10 by 10 or 10 by 12 inches, 8S the case may require. In
the Eureka they are usually 12 by 12, though occasionally they are but
10 bv 12 inches. Sets of timbers 10 bv
= 10 inches are sometimes used
~

OHAPTER

xv.

METALLURGY QF THE EUREKA ORES.

Reduction olorw.-Almost all the ores of Eureka District are reduced either .
at the Richmond or Eureka smelting works, which are situated, respectively,
at the south and north ends of the town of Eureka. At different periods
other companies have smelted their own and custom ores, but it has usually
been found most advantageous to have ores reduced at one or the other of
the above-mentioned works, as the large scale on which their operations are
conducted enables them to smelt at a less cost~
No exhaustive investigation of the metallurgical processes carried on
in Eureka is intended in this report, and only such a general description
will be given as will enable the reader to compare the general methods and
apparatus with those employed in other districts. The ores have already
been described in a separate chapter, and an analysis of those of the Richmond mine, which closely resemble all others in Ruby Hill, has been
added, BO that a further description of them will be unnecessary here.
n.crtptIon of Richmond wora.-The works of the Richmond company, which
are the largest and in BOme respects the most complete, are situated in the
southern part of the town of Eureka, and are connected with the company'smine on Ruby Hill by a narrow-gauge railroad, abo~t three miles in length.
The distance to the mine by wagon road is sOIPewhat shorter, as, on account
of the difference in elevation between the town and the hilly the railroad

•
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These fnrnaces, although they differ slightly in size, are all constructed in
nearly the same manner. The portion of the stack above the smelting'
zone is constructed of ordinary .brick and is cylindrical in form. It is supported by cast-iron pillars, which rest on a solid foundation. The smelting'
zone itself is composed of a water jacket, or rather several water jackets,
called "baches," and is oblong in shape. The" baohes" are hollow boxes·
of boiler plate 30 inches high, 20 inches broad, and 6 inches deep at the
top and 4 inches at the bottom. In the center of each is an opening for a·
tuyere, which may be a water tuyere or merely a pipe to convey the blast..
The water tuyeres are long, and are used at those points where It is necessary to convey the blast for some distance into the charge. The baches·
are inclined a little outward at the top on the upper edge of the crucible or
lead well. They are joined to the stack above by a course or two of firebrick luted with clay. They are fastened to each other on the sides by
key-bolts, which can be easily removed in case of an accident, such as the·
burning through of the iron of the bache. This arrangem,ent allows the
removal of one of these water jackets and of its replacement by n new one·
without interference with the working of the furnace. The baohes are open
at the top and continually receive a stream of cold water which keeps them.
cool. The iron comes in direct contact with the charge as in all waterjacket furnaces. The furnace bas an open hearth at one end with a slag'
spout as well as one for speiss. 'rhe latter is placed one and one-balf inches
below the former. The lead is allowed to run out of an opening on theside of the lead well, which is a very short distance below the speiss spout.
When one of the large furnaces is working properly there is a continuous·
flow of all the three smelting products, slag, speiss, a~d lead, from the crucible. The furnaces are barred out regularly once every twelve hours, the·
front bache being removed for that purpose. It is said to hflove been
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CoaIpoUtloaolcJaarp"'~oI . . . . . . . . . . .-The

analysis of the Richmond
ore shows 1888 than 3 per cent. of silica and about 30 per cent. of iron 888CJ.uioxide. In order to make a slag with sufficient silica for good smelting,
quartzose ores are added, or quartzite when such'ores are not to be obtained.
The slag and speiss, analyses of which by Mr. F. Claudet are annexed, resulted from smelting the ore, an analysis of which by the same chemist is
given on page 60. The material furnished Mr. Claudet is stated to have
been the regular daily samples taken throughout an entire year.
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This speiss contains an unusually small atomic proportion of arsenic,
for if the sulphur is supposed to be combined with the metals and arsenic
an arsenide of iron corresponding to the formula FeaABs remains, whereas
in many speisses the arsenide of iron is either Fa-Ass or Fe,Ass.
The analysis of slag shows that it is very basic and the formula deduced
from it is that of a subsi1icate. Although this slag is very much more basic
than is ordinarily the case where lead ores are profitably smelted, yet the
Eureka smelters claim that they obtain better results than they would if the
percentage of silica was much increased. The amount of arsenic in the
ore, which causes the formation of speiss, without doubt renders the smelting of such a basic mixture possible. The flue dust, which is collected in
long canals connected with a high stack on the hillside, is mix.ed to a thick
paste with clay and water in the proportion of one part clay and two parts
of dust, is somewhat dried, and added to the charge.
BumpS. or • c:barp.-The following is an example of a charge of one of the
furnaces:
Oharcoal .•.•..•...•.••••.••••••.•............ scoopts. • • •
Richmond ore ...... • • • • • • • • • . . . . . . . . .. • ..... shovels. . . .
Ruby·Dunderburg (silicious ore) ............ ~._ •. do .......
Hooeao slag (silioious and rich). , ... , ....••...... do . . . . ..
Silver Lick (silicious ore) ....................... do ......
Adobe fillS dust. . . . . • . . •• • . . . . . • . . . •. .• . . .. . .•. do . . . . . .
Spetss • • • • • • • • • • • • • • • . •••• ...... • ••••••••••••• : do . . . . . .
Quartz ore .• • . •• ••.•••••................... ... do . . . . . .

40
50
10
50
6
4
1
2

The Richmond ore contained three to four per cent. silica. The rest of
the silica reqllired for smelting is supplied by the Ruby-Dunderburg, Silver
Lick, and other more or less quartzose ores, and by the Hoosac slag. The
Hoosac slag was a rich slag from the imperfect smelting of lead ore with a
quartz gangue. The charge is supposed to contain about the following percenta2'es:
~
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pUel.-The fuel used in smelting is charcoal made from the pinon pine.
The coal produced from this wood is usually very good, and in this district
it is of an exceptionally fine quality, the method by which it is manufactured having been brought nearly to perfection. Nearly all the ~oal-bunlers
are Italians who have been attracted to this country by the opportunities
offered for this particular olass of labor. About 30 bushels of coal are
required per ton of ore smelted, and the present cost is 30 cents per bushel.
RefiDiDC.-The lead from the smelting of Richmond ore does not usually
require calcining. H~J.rd lead is refined in large rectangular cast-iron pans,
which will hold about 14 tons. 'l'he time required for softening is from two
to four days, according to the quality of the lead.
PattiD80Dlslug.-The process used in concentrating the silver in the lead is
the Luce & Rozan process, a modification of the Pattinson method, and is
carried on as follows: The principal portions of the apparatus employed are
two melting pots, one comparatively large crystallizing pot on a lower level,
two receivers or molds below the crystallizing pot, and a crane to handle
the cakes of lead after they have solidified in the molds. The upper pots
are provided wit~ covers and the lower one with a hood and pipe to
carry off the steam and fumes. There is a pipe by which water' is let into
the crysta.llizer above, and one for admitting steam into it below. The
steam valve consists of a horizontal pipe which penetrates to the center
of the pot, and within this pipe there is a rod with a button on the end
which en~rs the pot. On screwing the rod in, the button is removed
from the end of the pipe and steam is forced into the melte4 lead through
which it is distributed, by means of a perforated false bottom, throughout the whole mass. The receh'er or molds on each side of the crystallizer hold 7,400 pounds of lead. When the lead is drawn off into
these molds an "eye" is introduced into the melt.ed mass before it cooIsk
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further description of the mechanical details of the apparatus and process,
which have been repeatedly described in the technical journals.
The first operation consists in melting down 50 tons of lead in one of
the pots. ~his is then drawn off into the crystallizer, and water is turned.
on to chill the lead, because much time would be required to cool it by radiation. Then steam is admitted, which thoroughly stirs and at the same time
completely refines the melted mass. When the crystallization is completed,
which takes place in about one hour from' the time the lead is drawn off
from the melting pot, about two-thirds <:>f the mass is in the form of crystais
assaying 100 ounces to the ton and one-third is still melted, containing
about 460 ounces. This rich lead is drawn off into molds and taken to the
cupel furnaces. In the mean time enough lead of the value of 100 ounces
to the ton has been melted in the second pot, and is allowed to flow into the
crystallizer, where it immediately dissolves the crystals of 100-ounce lead.
This is now crystallized, giving 75-ounce poor lead and 150-ounce rich lead,
which is drawn off as before. The lead is thus crystallized until market
lead of about the value of one ounce to the ton is obtained. This requires
nine crystallizations, which give lead of approxima~ly the subjoined. values:
LEAD FROM THE CRYSTAJ.T,IZATION OF!IIO OUNCES LEAD.
OunOl!ll to the ton.

First crystallization .....••.....•..••..•..••• ". • . . • • • ..
Second crystallization. • . . . . . . • . •• . . . . • • . • • • • . . . • • • • • •
Third crystallization. •• . . . . . . . . . . •• ••. . • •••. . • . • . . . . •
Fourth crystallization .•.•..••..•.... , • . . . . . •. • • • . . • . •
Fifth crystallization. . • . . . . . . . • • • . . • • . . • . . . • • • • . .• • . • .
Sixth crystallization .•....•..... . • . . • • • • • . • . . • . . . . • • •
Seventh crySta11i EatiOD •••••••••.••••••••.••••••• _ • • • .
Eighth crystallization .••••••......•.•. , •• • • • . . . . . . . . •
Ninth crystallization •••.•..•••. , •. ..•• . • • • •. . . . . . ... .

It

100
75
50
30
18

9
5
2. 5
1. 25

fOlmd thRt there is no sensible enriobment of tbe lead

aft~l"

it

hp~p
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machinery, which 88 hitherto designed is somewhat complex. and subject to
frequent stoppages for repairs. The steam is also in part decomposed at the
temperature maintained, and thus accomplishes a very oonsiderable refinement of the lead during the process of concentration, produoing an excellent market lead from comparatively hard bullion.
cupeUatloD.-The rich lead is cupelled in furnaoes of the English model
with bone-ash tests. The test holds from a ton upwards. It is filled with
lead which is brought to a cupelling heat and an air-blast is turned on.
This blast is preferred to steam, as the latter becomes moist and also incroo.ses the loss in silver, although the loss in any case is slight. The test
is kept full of lead by adding bars one by one at the back of the furnace
and allowing them to gradually melt down. It is tapped every twentyfour hours, when from six to eight bars containing two-thirds silver are obtained. Sixty such ban, on a second cupellation, give in about sixteen
houn 16,000 ounces of dore silver, .965 fine in silver and .030 fine in gold.
A test lasts about ten days. In refining, concentrating, and cupelling
mountain mahogany wood is used. It is a very superiGr fuel, and costs
from 810 to 812 per co~
The poor litharge, containing about an ounce to the ton, is reduced to
market lead in reverberatory furnaces, with refuse charcoal from the bins.
The rich litharge, containing as high as 75 ounces, is resmelted with a furnace charge, as there is almost always a dearth of lead in the ores.
AclVlUlta. . . .Dd dJaadVlUltq.ufnfiDJq.-1t is a question whether Eureka is an
advantageous locality for refining bullion, fuel beini high and labor 84 per
day.• Refining on the spot obviates the necessity of paying interest upon
the money requ}red to freight the unparted lead to a refinery in San Francisco or the E88t, and the market is frequently so overstocked with lead
that it is better to wait for a rise before shinninsr. On the other hand. hiJ;rh
iTh,J&.,

~'"

"

~

OHAPTER XVI.
ADAMS HILL.

formatloll8.-The summit of Adams Hill is situated about 8,400
feet nearly due north from the top of Ruby Hill. The hill is a gentle elevation which rises to a height of 6,940 feet above sea-level and slopes with
a gradual descent toward the valleys on the west and north. It is divided
from Ruby Hill by a moderately deep ravjne which enters Spring Valley.
The principal part of the hill is composed of Hamburg limestone, the
Secret Canon shale forming a band running east and west along its southern flank, and the Hamburg shale making its appearance in a like manner
on the northern slope. To the north of the Hamburg shale and to the east
of the Hamburg limestone the Pogonip limestone is exposed. The nonappearance of the Hamburg 'shale between the Hamburg and Pogonip
limestones at the. latter place is due to the continuation of the Jackson fault
described by Mr. Hague. North of the Hamburg shale. in the Pogonip
limestone, there is a large outcrop of quartz-porphyry, and still further on
in the same rock a smaller overflow which is visible underground in the
workings of the Bullwhacker mine. The dip of all the formations of
Adams Hill, including the Secret Canon shale, is apparently to the north.
8tructure.-Although the mining explorations which have been made on
TopcItp'8phy &lid
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those last-mentioned localities_ On Adams Hill th~t rock is harder, more
compact, and less subject to sudden changes in its physical characteristics.
In many places the Hamburg limestone is capped by a conglomerate consisting of bowlders of limestone cemented together by a tough calcareous
material. In this conglomerate fragments and even bowlders of Ore are
often found. This ore does not rel!emble in any respect the ores of Ruby
Hill, and it is likely that it, 88 well as the accompanying limestone, are the
products of the erosion of the immediate neighborhood, .which have been
cemented together by calcareous waters.
Oro depo8Ita.-The deposits of this portion of Eureka District are 88 varied
in regard to form as those of Ruby Hill, but in many other respects they
differ from them. There is very little resemblance between them and true
lodes, though they are all more or less connected with fissures and slips,
and some of them which occur in the limestone near the shale seem to have
a general course parallel to the contact of those formations. An instance
of this occurrence can be observed in the Bowman mine, which lies near the
Secret Oanon shale. Oaves, which are so characteristic of Prospect Mountain and Ruby Hill, are rare; and although it is possible that such openings
may exist in numbers, the explorations have not yet revealed them. It is true
that the deepest mine workings have as yet attained but a moderate depth,
not much exceeding 200 feet, although the explorations have been quite
numerous. Nevertheless it is probable that if caves were numerous they
would have been revealed before now, for it can be safely said theyare of more
frequent occurrence and usually of greater extent near the surface than at
great depth. This is easily explained by the fact that the waters carrying
carbonic acid, to which they owe their origin, becomes saturated with calcium carbonate as it descends, thereby losing its solvent power. The
absence of caves, which in other portions of the district are 80 intimately
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the flat to the north, which is designated on the map as Mineral Point. The
ores do not occur in compact form as the filling of chambers, but are found
in bunches in. cracks and seams in the limestone, and although masses of
ore of considerable size are not unknown, they exist in the form of silicified
limestone more"or less impregnated with silver and lead minerals.
Theorea,-1'he Eureka quartzite, which Mr. Hague has placed just above
the Pogonip limestone, at one time covered the whole of Adams Hill, and
there is still a small area of this rock to be seen on the northwestern slope
of the hill near the road to the Wide West mine. It is not impossible that
the quartz in the ore was derived from this quartzite, Still it is not likely,
however, as it would b~ necessary for the silicious solutions, which were
formed from this quartzite, to traverse the underlying Hamburg shale
8S well as the Pogonip limestone.
Also, if the quartz in the ore was
derived from the quartzite, it is likely that the ore was as well, as the two
seem to have been deposited simultaneously, though this might possibly
- have occurred· where the components of the ore were derived from different
sources. The Eureka quartzite also carries small amounts of the precious
metals; but the same objection to the secretion of the ore from this rock
can be advanced that was offered in regard to the secretion of the ore in
Ruby· Hill from the outside country rock. It could hardly have passed
through the Hamburg shale. It js possible, however, that the ore in the
Pogonip limestone was derived from this source, though, as has been
explained in Chapter VII., it is more justly referable to another source.
Another noteworthy fact in regard to the ores of Adams Hill is that
they carry as a rule a high percentage of gold, although there are some.
that carry no gold whatever. The contents in gold i~ a distinctive feature
of this region. Lead in the form of carbonate and sulphide is common, and
both the Bullwhacker and Williamsburg mines have produced large quan-
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area on the surface it is very likely that it may extend underground into
Adams Hill. If this is the case, it hu very likely been the source of the
ore in the mines of that region. If it has been the source of the ore it is
probable that the quartz has also been derived from it through the decomposition of its silicates.
1IlDiDc.-The ore of this region is usually of very good quality, but tha
rock is frequently hard and it is extracted with some di1Iiculty. The mines
have been opened by individuals and small companies, and they have not
been sufficientIyexplored to determine either their permanency or their
future value. Just at present there is not very much mining going on in
this part of the district, but there seems to be no reason for believing that
the deposits do not extend to considerable-depth, and it is to be hoped that
the decreased cost of mining and of reduction which inevitably follows the
increasing age of a mining camp will cause the revival of this industl"y.

GHAPTER XVII.
FUTURE OF EUREKA DISTRICT.
BlrteDt of'the ~ lIolUltaID

depoalt.-The mining region of Prospect Mountain,
comprised between Spring Valley on the west and the Secret Canon road on
the east, will no doubt produce large quantities of ore for years to come.
As yet a beginning only has been made in the development of the deposits
in this portion of the district. It is true that there are several mines, the
Hamburg, Ruby-Dunderburg, and one or two others, which have been
pretty well opened, though in all of these there is a great deal of ground
which remains as yet in a virgin state, but in by far the majority of instances
the claims of Prospect Mountain and vicinity have not been explored to any
great extent. If the surface geological map is examined it will be seen that
the two belts of limestone, which Mr. Hague has named, respectively, the
Prospect Mountain and Hamburg limestone, are very wide; and although
they cannot be regarded as ore-bearing throughout their whole extent,- yet
surface explorations have shown that the deposits contained in them a1'e vel'y
numerous. Underground developments, as far as they have extended, have
also proved that these deposits are continuous to a considerable depth. It
is therefore very probable that numerous unexpected ore bodies will be discovered throughout this region in the course of future deep-prospecting
operations,

~
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It has been stated before that the opportunities for the deposition of ore
-·have depended in a great measure upon the extent to which the limestone
,has been crushed and thus prepared for its reception and deposition. It
-cannot be said that such a shattering of fomlations has not taken place to a
.great extent on Prospect Mountain. It has, and its results are shown by
the numerous fissures and zones of pulverized rock which are encountered
in this region; nevertheless, the upheaval and faulting did not take place
under conditions that were in every way as favorable as those which resulted
in the present structure of Ruby Hill. The faults which brought about the
_present an-angement of the formations in the latter locality were accompanied by the formation of a fault-fissure which acted as a channel through
which the metalliferous solutions entered the wedge-shaped mass of lime.stone lying between this main fissure and the quartzite. Whatever other
part this quartzite may have played in t.he formation of the mineral zone of
Ruby Hill, it certainly had the effect of confining the Ol'e-bearing solutions
10 the crushed limestone bounded by the clay of the Ruby Hill fault. Had
these solutions entered a mass of limestone of unlimited extent, although
the amount of ore deposits might have been as great in the aggregate, it is
not likely that ore bodies of a size equal to that for which this mineral belt
has been noted would have been deposited. It cannot be denied that eel"
tain ore channels exist in _Prospect Mountain, and that they are also confined in some instances between belts of shale, or between walls of lime·stone; yet, as far as present developments have shown, there has been no
such limitation of the ore to a well-defined region.
Reaourcea of Proapec:t Mouutalu.-These facts, however, need not prove a drawback to a careful exploration of the resources of Prospect Mountain. The
.Ruby Hill deposits were worked to a large extent when the cost of mining
and reducing ores was far greater than it is at present, in spite of which
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mayor may not be the case. The only present means of determining the
facts are by judging of the ore that is brought to the smelting works for
reduction. The returns show that the ore of Prospect Mountain averages •
richer than that of Ruby Hill, but this is very likely owing to the fact that
only ore of a high grade will pay for mining when the deposits are small,
and cannot be taken, therefore, as a criterion of the value of all the ore in
these mines.
DifBcultyofmaklDcpredlctloa•.-What will be the future of the mines of Ruby
Hill is very uncertain, and any predictions in regard to it must necessarily be inferences from the results of the explorations which have been
made in the present lower workings. These explorations have not been·
earned sufficiently far to give indisputable indications as to the changes
which may be expected in regard to the ore below the water-level. More.over, the structural features in the lower levels of these mines have undergone a change, and it is impossible to tell with any certainty what effect
they may have upon the general worth of these ore deposits.
ProbabUltie. or lIadlac ore ID the lower worklnga.-The structure of the ore-bearing
zone and the relation of the ore bodies to it have been fully described in
the preceding pages of this report, down to a level, in the mines southeast
.of the· compromise line, where the two fissures come together, and in the
Richmond and Albion mines to a depth at which it is clear that they are
approaching and will probably meet below. It has been stated that the
bodies of ore in the Ricbmdnd mine have decreased in size as well as number below the sixth level. The ground, however, below this level, although
it has been prospected to Bome extent, bas not been 'sufficiently cut up to
prove the absence of large ore bodies, and it is possible tbat the failure of
ore is only apparen~ and that future developments may expose large bodies.
1'here is nothing in the nature of the limestone inconsistent with SUell 8,
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two mines in the lower levels before the two fissures came together, this will
not prove that ilo ,ore bodies are to be expected in the limestone which underlies the lower belt of shale. It will 'only prove that the limestone or the
fissure system in this part of t~e hill was for some unknown reason unfavorable to the deposition of ore. It will be a very discouraging circumstance
to the companies interested, but it may be expected. Large zones of barren
ground have heen known in the upper levels as well.
CoDditione of ore depo8itioD io the lower wecSce of llmeatoDe.-If Plate VIII. is referred to,
it will be seen that the lower mass of limestone is gradua1ly widening out, as
would inevitably be the case if the ideal section of Ruby Hill (Plate IV.) be
true. The main fissur~ below the great limestone wedge has a hanging wall
of crushed limestone which is overlain by a belt of shale. If the theory of
the source of the ore stated in Chapter VII. is correct, the ore solutions
passed upward through this fissure along the contact with the limestone,
which offered all the conditions necessary to a deposition of the ore, provided the ore substituted itself for limestone. If such was not the case, and
the ore was deposited in caves previously formed, there is little likelihood
that this cave formation could have taken place in the lower bed of limestone,
for the following reasons: It is certain that the caves in the upper limestone were formed after the faulting occurred which broke up this mass of
rock and formed the main fissure. This main fissure with its wall of clay
and the lower belt of shale effectually excluded ant great :flow of surface
water into the lower belt of limestone, nor does·the cave formation even in
the upper limestone seem to have extended to the lowest points of this
wedge of rock, prob~ly because percolating surface waters became saturated with calcium carbonate upon reaching this ~e~th. It is therefore
improbable that caves of any great extent could have been formed at the
depth at which this limestone lies. It will be
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The lower bed of limestone lying between the fissure on the quartzi~
and the lower stratum of shale aft'ords almost equal structural facilities to
the upper. It has been rent and crushed by the upward movement of the
quartzit.e in a similar manner for a considerable distance, at least below the
region where the lower stratum of shale was cut off by the fault. It would,
therefore, offer every possible opportunity for the circulation of metalliferous
:fluids. Ore has also been found in the Ruby Hill fault-fissure at the place
where it was cut by the drift from the 1,200-foot station of the Locan shaft.
The :flow of water was unfortunately so great, however, that it was not
possible to determine the extent of this body. There thus seems to be no
well-founded reason for believing that masses of ore do not exist in the
lower stratum of limestone.
Whether the ore bodies will prove as l~ge and as numerous as they
have been above is a matter which cannot be decided from the limited
number of facts which have been observed in the lower workings. Whether
the extraction of this ore will be profitable will depend upon the :flow of
water, size of ore bodies, value of ore, and facilities with which it can be
reduced. As to the size of the ore bodies, no satisfactory predictious caR
be made. No very great change in the value of the ore as regards silver
need be feared. There will be poor ore bodies as well as rich ones, no
doubt, but the ore is more likely to be somewhat richer in silver than the
reverse, if there is any analogy between the ores of this district and those
of a similar character in others where oxidation has taken place. With
regard to the value in gold it is otherwise. The contents of the Eureka
ores in gold has on the average been gradually decreasing as depth was
attained, and it is but reasonable to suppose that this will be the case below
the water-level. No entirely satisfactory reason can be given for this de.:
crease in gold, but it is of very frequent occurrence in auriferous silver ores
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the ores. While many geologists and many engineers believe that ore
deposition is not limited to any depth within human reach, others are of the
opinion that ore in considerable quantity usually occurs only within a moderate distance of the surface. This question, however, cannot be satisfactorily discussed from a theoretical point of view until much more is known
of the chemical and physical conditions of ore deposition, nor as a matter
of observation until far more thorough explorations have been carried on
at great depths in mining regions. Some deposits have been followed to
an immense depth (over 3,000 feet) without any diminution in yield; and
if it were possible to gauge the er~sion to which their croppings have been
SUbjected since their formation, these and others would very likely yield
more striking data. On the other hand, in many cases the search for ore
below a certain depth has proved futile, but such cases afford purely negative evidence. Explorations at considerable depths are extremely expensive, and 'are rarely made on a large scale. It is .consequently as yet impossible to say even of any single district that ore in paying quantities does
not exist below a certain level, though it is certainly true of some that no
indications of its existence have been found which would warrant the continuance of the search for it.
That the various companies owning these mines are fully justified in
view of the former enormous production and the probabilities of finding
ore in prosecuting a diligent though expensive search below the levels as
yet reached seems to be beyond question.
As regards the future of Adams Hill and adjacent country, not much
can be said; the mines have not been worked to any great depth or extent,
and but few predictions can therefore be made in regard to them.

.

OHAPTER XVIII.
SUMMARY.

The following summary states in a condensed form the nature of the·
investigations described in the foregoing chapters and the conclusions to
which they have led.
DeacrlptiOD of Eureka DI.trict-Eureka Mining District is situated on the western side of the Diamond Range, in the eastern part of the St&.te of Nevada .
and south of the Central Pacific Railroad.
The district was discovered in 1864, but it waS afterwards abandoned
until the latter part of 1868, when mining operations were again begun.
The most important town in the district is Eureka, situated about 2
miles distant from the principal mines which are on Ruby Hill.
This hill forms the northern spur of Prospect Mountain, a ridge several.
miles long, which reaches an altitude of over 9,000 feet, and itself forms a
spur of the Diamond Range. North of Ruby Hill lies Adams Hill, a low
elevation distant something less than a mile. On these hills and on the.
mountain and its spurs are situated all the mines of any importance in the
district.
.
As nearly as can be estimated the production of the preciou8 metalsup to the end of 1882 bas been about sixty millions of dollars. It is diffi-

.
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but a reference to his results is nece88&l'Y' to a clear conception of the relations of the mines to the different formations.
The Cambrian, Silurian, Devonian, and Carb~>Diferous are all represented in this district, though it is only in the rocks of the first two that
metalliferous deposits of any kind have been found.
FormatloD••-Mr. Hague distinguishes the following beds in the Cambrian,
beginning with the oldest: Prospect Mountain quartzite, Prospect Mountain limestone, Secret Canon shale, Ham burg limestone, Hamburg shale.
. Those five formations have all been laid down conformably. The rocks of
the Silurian in the order of succession are Pogonip limestone, Eureka quartzite, and Lone Mountain limestone. The rocks of the Devonian in this
neighborhood are the White Pine shale and Nevada limestone.
RelatioDaofthe mlDeatotheformatloD..-With the exception of the Hoosac mine
in the Eureka .quartzite, and the Bullwhacker and other mines in the PogoDip limestone on the slope north of Adams Hill, all the mines which have
been discwiBed in this ~emoir are found in the Prospect Mountain and
Hamburg limestones. No deposits whatever have been found in the Secret
Canon shale which separates these two beds, and although it is true that
pyrite, both as impregnations and in ma88eB, as well as distinctly-defined
veins of quartz accompanied by calcite, have been found in the Prospect
Mountain quartzite, the lowest of the sedimentary beds 'of the district, it
has had no economic value. These occurrences, moreover, do not seem to
be in any way connected with the deposits in limestone, and, as far as is
known, there is no ore in the Hamburg shale.
...... roca.-The only massive rocks which make their appearance in
the metalliferous zone which is occupied by Prospect Mountain and its offshoots are granite, quartz-porphyry, and rhyolite, but hornblende-andesite
is found in its neighborhood. Quartz-porphyry, probably Mesozoic, ap-
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THE STRUCTURE OF PROSPECT MOUNTAIN.

UPheava1.-Prospect Mountain and its adjacent spurs form an anticlinal fold, of which the axial plane is somewhat west of the crest of the
principal ridge. The com'se of this plane is nearly due north and south
except at Ruby Hill, where it turns towards the wesl Evidences of bedding are so rare that it is often impossible to form an accurate idea of the
prevailing angle of dip. When the formations which at present compose
the mountain were folded and uplifted, an enormous crushing and grinding
force was exerted upon the different members of the series. Those rocks,
such as the shales, which were flexible were much twisted and distorted,
but retained their original character. The limestones, on the other hand,
were much crushed and fissured, and faulted in many directions. Most of
the fissures were found parallel to the axis of fold, and as the uplifting a.nd
crushing continued great zones of limestone were ground almost to powder.
JDllueuce or eruptive rocka.-Subsequently to the primal folding the various
eruptions, especially that of ,rhyolite, had a further disturbing effect upon
the structure of the country. Many fissures and faults have unquestionably
been caused by the eruption of the rhyolite, and, as will appear later, it
had a direct influence upon the deposition of ore.
The only known occurrence of granite in the district is on Mineral
Hill at the north end of Prospect Mountain. It is probable that this mass
formed a submarine hill upon which the quartzite, limestone, etc., were laid
down, and that its exposure in its present position is due to erosion after
upheaval had taken place.
Bowlders resembling this granite have been taken from the quartzite
in the Richmond shaft. The strata of the formations which compose Prespect Mountain usually dip away from the axial plane of the fold, though
MUDer of
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The following are the different formations encountered, in the order of
their succesf:lion from the mouth of the tunnel:
85 feet mineral limestone- ...... Hambnrg limestone.
290 feet shale .................. Secret Cafton shale.
935 feet mineral limestone ........ Prospect l\lountain limestone.
30 feet shale' ..... . ........... Prospect Mountain limestone.
51 feet mineral limestone ........ Prospect Mountain limestone.
460 f('et shale ....... . .......... Prospect Mountain limestone.
90 feet stratified limestone ...... Prospect Mountain Jimestone.
50 feet mineral limestone ........ Prospect Mountain limestone.

At various points along its course the tunnel cuts through seams and
fissures, which generally cross it at right angles. Their usual pitch is easterly, though there are many exceptions to the rule. The msot prominent.
one of these fissures is at a point 840 feet from the mouth of the tunnel.
It dips nearly vertically, perhaps a little inclined to the east. It.is open in
places and filled with sediment, bow]ders, etc., which have been washed in
from above. At the point where it is encountered it is about 350 feet below
the surface, and it i~ a characteristic example of numerous occurrences of
the same kind both in the mountain and in Ruby Hill. Like many others,
it has been accompanied by ore which was formed on the west side of thetunnel. Faulting has occurred on most of these fissures, and it is safe to
say that the portions of country which lie west of the fissures or upon the
foot-wall side have as a rule been relatively raised, and the strata havereached their greatest relative elevation just over the axis of fold.
The stratified limestone in the end of the tunnel pitches west at a
steep angle where first encountered, but gradually becomes flatter until a.
little distance west of the summit its stratification is nearly horizontal.
8ectioa of Proepec:t IIOUDtain throUlrh Proepect lIouawa tunnel.- The Prospect Mountain
tunnel, starting at a point about 2,700 feet west of the summit, nearly op-
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limestone is not often fissured, but contains some cavities excavated by
water. .There is nothing about it to· indicate that it is mineral limestone.
At a distance of 1,400 feet from the entrance a fissure is encountered nearly
at right angles, which dips 80° to the west. .From this point the character
of the limestone changes; it is much more broken, and many of the ordinary varieties of mineral limestone are found, as well as seams, crossing
the course of the tunnel. At 1,835 feet ore was discovered, but as yet
the deposit has not proved valuable. At about 2,100 feet stratified limestone was encountered along a fault-seam which dips to the west, and at
2,250 feet shale makes its appearance along a similar seam (see Plate IL).
It is probable that this shale is the same body as that encountered toward
the end of the Eureka tunnel. All of the rock encountered in this tunnel
belongs to the Prospect Mountain limestone.
General illterDaI mlIcture or Pro.pect MouataJa.-It will be noticed (Plate II.) that
the west side of the mountain differs greatly from the eastern. This in
some measure is owing to the fact that a larger portion of the overlying
rocks have been eroded, and that the axis of fold lies somewhat west of the
ridge.
DJRributioD or ore ill ~ lIouata1o.-The larger portion of the mountain and
its adjacent spurs is composed of mineral limestone, and evidence of the
number of metalliferous deposits contained in it is offered by the numerous
outcrops of gossan which occur along its whole extent, but which are
particularly numerous from Ruby Hill to the Secret Canon divide. With
the exception of some few mines, the properties of Prospect Mountain have
been but slightly developed. Those, however, that have been opened to
any great extent show that there are numerous masses of ore contained in
the Hamburg 88 well 88 the Prospect Mountain limestones, although no
bodies of such a size as those discovered in Ruby Hill have been found.
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before erosion, and it is merely the continuation of the long belt of limestone of which the greater part of Prospect Mountain is composed.
The main beds of Ruby Hill are a mass of quartzite, which is probably
underlain by the granite of Mineral Hill; a broad zone of mineral limestone
and an overlying belt of shale. All of these beds have been tilted so that
they stand at an angle of about 40°, though nowhere on Ruby Hill does
the dip of the stratification of any of the beds conform to the dip of, their
planes of contact. This lack of parallelism is characteristic of the region
of Ruby Hill, and is due to a succession of faulting movements. There
are two sYHtems of fault-fissures on Ruby Hill. The first consists of those
which are approximately parallel to the strike of the formations, and which
were produced entirely by the main folding and upheaval, and the second
made up of those which were caused by the same forces supplemented by
strong lateral pressure.
That there has been lateral pressure exerted from a northeasterly direction at some time is shown by the direction of the striation marks observable on these latter faults, which have been called cro88-faults. Beginning
at the Jackson mine at the southeast, the strike of the formations is to the
north, but it is soon de1lected to the west until in the Albion mine it is
nearly due west.
Th. qaarbite uclll111_toD. c:oAtact.-The line of the contact of the quartzite and
limestone on the surface of Ruby Hill represents very nearly the crest of
the anticlinal· fold. Underground, this contact is extremely irregular.
Besides smaller irregularities in the quartzite there are three large protrusions along the course of this contact, which occur respectively in the
Phrenix, K. K., and Richmond mines. Along the line of dip of the quartzite
and limestone contact there is a great depression several hundred feet in
vertical extent, which occurs at about the same depth in all the mines! and
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. has been called the Ruby Hill fault, though not perceptible in many places
on the surface, passes west of the J acbon hoisting works, its course veering
toward the west, and is visible in a tunnel near the Phrenix line. It passes
northeast of the Phrenix, Lawton, and K. K. shafts, but must be very close
to the latter. It can next be seen near the mouth of a tunnel run to connect with the Bell shaft. The last place where it can be observed on the
surface is near the Richmond office. Although this fault is not continuously
traceable above ground owing to the debris, its existence is fully established
by the fact that it is encountered at numerous points in the underground
workings of all the mines of Ruby Hill. The average dip of the plane of
this fault is about 70° northeasterly, and it is of remarkable uniformity,
scarcely ever varying 5° one way or the other. Its course, also, is extremely direct, with the exception of the bend between the Phrenix and
Jackson. This Ruby Hill fault is marked by the presence of a fissure filled
with rhyolite and clay which is widest in the Jackson and Phrenix, where
in places it measures as much as 15 feet. In these two mines it is filled
with rhyolite, which, although much decomposed, is still easily recognizable. In following the fissure west the clay is found to be more calcareous,
and in the K. K. and Eureka positive proofs of rhyolitic character are lost.
In the Richmond mine the fissure is narrow, and although a distinct and welldefined seam is only a few inches wide.
The maiD fiuure.-This fault fissure has been called the main fissure, 88 to
its formation are due the most important features of the present structure
of Ruby Hill. A proof of its comparative recent formation is the fact that
it faults all the formations with which it comes in contact, but is itself
nowhere faulted. It is evident that the country southwest or on the footwall side of this fault has been raised many hundred feet above its hanging
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the junction_ The face of the quartzite when in contact with the fissure
is no longer the original contact of quartzite and limestone, but is the fault
face of the southwestern uplifted country. (See Plate IV.) It is evident
that if the fissure continues downward with its present dip, at BOme depth
it must enter the quartzite.
The IIeCODcary !i..un.-At the time of the disturbance which produced the
Ruby Hill fault, another and secondary fissure was formed along the contact of the quartzite and limestone, and the quartzite was raised higher
than the limestone, giving rise to the formation of a wedge of limestone
between the quartzite and the main fissure. Up to the present time all the
ore of any importance taken from Ruby Hill has been extracted from this
wedge of limestone, the crushed condition of which is due to the upward
movement of the southwestern country against the hanging wall of the
main fissure. Section 7, Plate VIII., is typical of the relations of the
two fissures to each other and to the quartzite, limestone, and shale in the
mines southeast of the "compromise line."
The two beltaof .hale.-Two belts of shale,· only one of which appears on the
surface, are known to exist in Ruby Hill. The upper or surface shale can be
observed on the map, Plate I. Taking into account the general dip of the
surface shale and that of the shale where it is encountered below, it is
at once apparent that the two must be distinct masses in all the mines southeast of the compromise line. In the Richmond mine, however, it is different. The shale on the surface in which the shaft is sunk is the same
body of shale that is encountered below. The manner in which the Richmond shale and the lower belt of shale have been brought together in the
lower workings of the Richmond and Eureka, and the Olanner in which
this lower shale has been faulted, have been fully explained in the body of
this report
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main fisSure, and although it has in many places the appearance of orebearing ground has hitherto been found unproductive, all the ore having
been obtained from the wedge of limestone between the main fissure and
the quartzite. It is true that the prospecting done in the front limestone
has not been sufficient to prove that it contains no ore bodies, but it has
been sufficient to discourage search in that dtrection.
As far as prospected, the front limestone does not exhibit the crushed
-condition that is so apparent in the wedge of limestone between the quartzite and the main fissure.
The quarutte 10 tbe RlchmoDd.-The quartzite southeast of the Richmond shaft
appears to be a solid mass many hundred feet thick. Its contact with the
limestone is very irregular, and the rock near the surface is often displaced
to a greater or less extent by faults, but it is comparatively easy to explain
these irregularities and to account for the phenomena exhibited. Not so,
however, with the quartzite in the Richmond and Albion ground northwest
-of the working shaft of the former mine. The quartzite in these two mines
eonsists of a narrow band from a few inches to 90 feet wide, which bends
and twists in many directions. It accompanies the secondary fissure which
leaves the face of the main body of quartzite somewhere near the Richmond shaft.
Fonnatioo oBhe aarrow quarutte.-The manner in which the narrow band of
quartzite found its way into its present position seems to admit of but one solution, namely, that its OCCUlTence is due to a fault or a succession of faulting
movements which followed the line of the' accompanying fissure, and tbat
it originally formed part of the main body of quartzite, which must bere
underlie the limestone. It is altogether improbable that it constituted a
distinct bed of quartzite laid down upon the back limestone. In tbis case

184

SILVER-LEAD DEPOSITS OF EUREKA, NEVADA.

the quartzite and shale. As yet no ore of any kind has been found in it.
Its peclllialities are very characteristic, and it is easily recognizable wherever found.
TbeJack80D rault.-The main fissure joins a fault which Mr. Hague has
called the Jackson fault, somewhere near the American shaft.

•

ORES OF EUREKA. DISTRICT.

IIIDCral8.-The following minerals have been noticed in the ores of
Eureka Distlict: Galena, anglesite, cerussite, mimetite, wulfenite, limonite,
calamine, smithsonite, calcite, siderite, aragonite, quartz, steatite, bIen de,
pyrite, arsenopyIite, molybdenite, malachite, azurite, and wad. The lead
minerals are well represented, and it is highly probable that most of the
known varieties exist in greater or less quantities in the ores, although the
presence of all of them has not been detected. Antimony is present in
many ores, but in what form has not been determined. Silver and gold
are present; silver in the form of chloride and sulphide, and gold probably in the metallic state. Down to the somewhat irregular water-line the
ores are substantially oxidized, and consist mainly of lead carbonate and
sulphate carrying precious metals, and accompanied by ferric hydrate. The
average tenor is 15 per cent. lead, 0.079 per cent. silver, 0.00248 per cent.
gold. Quartzose ores are rare, but when found are important as a flux for
the ordinary basic variety. The various classes of ores recognized by the
•
miners are described in Chapter V., but may be omitted here.
CI...lficatloD ortbc ore dcpoalta.-The ore deposits of Eureka District, though
they contain gold, can be classed under the head of silver-lead deposits in
limestone. The type of deposits to which those of Eureka belong is one
often met with in the older limestones of the Great Basin, and although
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gards the ores and their manner of Iormation, the Leadville deposits of 001erado, described by Mr. Emmons," resemble those of Eureka most, but the
two regions differ widely in respect to the structure of the country and the
relations of the deposits t~ the different formations. A classification of the
ore depositS of this district, as regards their form, is a matter of considerable difficulty. Some of them may be termed fissure or contact veins, but
in most cases they are yery irregular in form and are better described by
the German word" Stock" than by Rny mining term used in English.
They are often lenticular, but this word cannot always be used to describe
them, as they often have offshoots in all directions. Any classification,
however, that is dependent on mere differences of form must be more or
les8 unsatisfactory.
Dl8tribudOD of the ore bocli••-The ore bodies do not seem to follow any particular direction either as regards dip or strike, and at first sight they appear
to be distributed throughout the ore-bearing formation without any regularity. This is not wholly the case; and although no well-defined law can
. be found governing their Qccurrence, this is connected with that of certain
phenomena in the country rock, such as fissures, caves, and broken limestone.
FormadoDoftheorebocli-.-The distribution of the ore has been determined
almost entirely by the physical character of the limestone in which it is
f.und, and not by any chemical or min~ralogic"l. differences in the rock.
The greater facilities offered by a crushed and broken limestone, no matter
what its character, to the percolation of metal-bearing solutions would
more than compensate for any chemical advantages which a particular
kind of limestone might offer. During the process of upheaval to which
Prospect )Clountain and Ruby Hill were subjected, the limestone was fis-
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RelllTaDl.m.nt of tbe on by wet.r.-From the disposition of the ore in a stratified
form in the upper part of many of the large ore chambers it is evident that
it owes its present position to rearrangement by subterranean water currents. This occurren('·e has been of comparatively recent date, as the ore
has been thus deposited since its oxidation.
CODDec:tion of ore bodi.. witb Iinu.-, etc.-Ore bodies are intimately connected with
the o~currence of fissures, caves, sediment, and on Ruby Hill with depressions in the quartzite. The ore bodies at first sight often seem to have
no connection with any fissure or channel through which they could have
been filled, but such a connection has been demonstrated in so great a
number of cases that it may be presumed to have existed in all. In by
far the greater number of instances the fissure has led to the discovery of
the body, or the existence of the fissure has been shown in the workings
subsequent to the discovery of ore. Sometimes it has been almost obliterated by pressure, and in others it has not been "re\'ealed by the explorations of the miner.
Cav•••-Caves are found in many places in the limestone, and no large
{)re body has been found which had no cave over it, but caves are by no
Jlleans always accompanied by ore bodies.
Deprenion8 in tbe quartaite and ore.-The manner in which the depressions in the
.quartzite on Ruby Hill occur has been already explained. That large ore
bodies should be of frequent occurrence in these depressions is not strange,
when it is remembered ihat the limestone in them was in a shattered and
-crushed condition, and that the quartzite with its casing of clay served to
a certain extent to confine the metal-bearing solutions to the limestone
mass, where large quantities of these solutions were probably allowed to
settle quietly and deposit ore.
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In the mines on Ruby Hill, southeast of the "compromise line," the ore
bodies usually occur connected with the quartzite, but in the Richmond
and Albion they are almost always far removed from it.
SOURCE OF THE ORE.

orthe oR.-The possible sources of the ore are a deposition in
small particles with the limestone, the ore being afterwards segregated into
nearly isolated bodies either by chemical or mechanical action; a segregation of the ore in the limestone from the country rock on either-side ?f it;
. and a deposition from solutions which came from below.
Predon meta1e iD the dilrereDt roc:ka.-Several series of assays made with extraor-dinary precautions show that the stratified limestone contains only the minutest traces of silver, while the mineral limestone, especially where it is
iron-stained, contains a nnmber of cents per ton. The silver contents, how-ever, on the whole, diminishes as the distance from the ore bodies increases,
and nowhere answers to the composition which the rock must have possessed had the ore bodies been derived from it. The trace of silver in
the limestone is an impregnation from the ore' bodies. The shale never
-carries more than a trace of silver and gold, and the quartzi~ could not
have furnished the material of the ore bodies. There are also good structural reasons for believing that the ore cannot have been fo.rmed by segregation from the surrounding rocks. Neither do the examinations furnish
any reasons for believing that either the granite or the rhyolite yielded the
metallic compounds of the ore bodies.
Quam-porphyry . . a aource or tbe ore.-On the other hand, the quartz-porphyry
proves to contain silver, gold, and lead in no inconsiderable quantities, and
has manifestly been subjected to chemical action involving the solution of
Pouibl. aourcea

.'
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surface the quartz-porphyry is the only one which can have furnished the
metals of the ore bodies.
The .olfatarle action and the ore formatloD.--The manner of occun'ence of the ore
and its connection with the fissure system are consistent only with the supposition that whatever the source of the ore may have been, it reached its
present position in ascending solutions. The formation of the ore-bearing
solutions is almost certainly due to the solfataric action arising from the eruption of the rhyolite. The intrusion of this rock was the last dynamical disturbance on Ruby Hill, for the main fissure with the rhyolite dike faults all
formations with which it comes in contact, except the ore bodies, and is
itself nowhere faulted. The rhyolite dike also shows every evidence of
solfataric decomposition. There is no evidence of two distinct periods of
solfatarism, and unless the ore formation and the alteration of the lava are
due to comparatively late volcanic agencies, which have left no other trace
of their existence, the ore deposition and the eruption of rhyolite must have
been related phenomena.
•

MANNER OF THE DEPOSITION OF THE ORE.

The solutions containing the ore penetrated the
limestone, passing through fissures and interstices in the broken rock, and
deposited the ore ~here conditions of temperature and chemical activity were
favorable to its precipitation. It is impossible to determine what may have
been the chemical composition of the sol11:tions which carried the ore, but it
is not improbable that they consisted in great part of metallic sulphides dissolved in alkaline sulphides. These solutions were necessarily formed under
the influence of heat and pressure. Rising into the shattered limestone at a
diminishing pressure and temperature, the liquids lost much of their solvent
The depoaltlon of the orea.-
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.-The formation of caves in limestone is usually attributable to the action of waters percolating from the surface and carrying carbonic acid in solution. To form a cave at a given spot, water containing
free carbonic acid must be supplied in sufficient quantities, and an escape
must be provided for the more or less saturated solution of calcium carbonate.
Caves cannot, therefore, form at .an indefinite depth from the surface, and
their practical limit is reached at the water level. The caves in Eureka are
of more frequent occurrence near the surface than in depth, and they are
not found at all below the water level. If the theory of a simple deposition
of minerals from solutions in pre-existing caves were correct, it is evident
that the limit of the ore would be reached at the point where cave formation
was no longer possible.
Tbe aubatitutioD tbeory.-In the Eureka deposits nothing has been observed
which would indicate that the ore had been crystallized from solutions in
pre-existing cavities. The banded and concentric structure, characteristic
of that manner of deposition, is nowhere visible, and although it is conceivable that it might have been obliterated in the oxidized ore bodies, it is impossible that such should have been the case in the unchanged masses of
sulphurets. The masses of sulphurets on the other hand offer strong evidence
in 'favor of the theory of substitution. The minerals have replaced the limestone in such a manner that they have often retained the structural form of
that rock. Rounded bowlders of limestone have also been found as the nucleus of masses of ore.
The sulphuret ore shrinks to some extent owing to the leaching which
follows oxidation, and this accounts for the apparent relative size of many of
the caves over ore bodies. These caves were no doubt subsequently con. siderably enlarged by the waters bearing carbonic acid. If the deposition
of ore is correctly referred 1.0 the solfstt.stl'ic action c.onsequent upon the
Tbe formatlOll ofcav..
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posits, which in many respects resemble those of Eureka, the ore h88 been
substituted for limestone, according to Mr. Emmons.PrepoDderance of evldeDce ID f.vor of the .ubatltUtiOD theory.-Weighing the evidence on
both sides of the question, it appears that a large part of the ore was brough~
into its present position by substitution, while it seems impossible to demonstrate that any part of it was deposited in pre-existing cavities. It is highly
probable that all the ore was deposited by substitution, and that. future
developments will effectually establish the fact. ./
A.BBA. YING.

or ....)'iDIr COUDtry rock.-With a view to discovering, if possible, the
source of the ore in the mines of Eureka District, numerous and careful
assays of all the different kinds of country rock in the neighborhood of the
ore bodies were made. As the quantity of the precious metals contained
in any of these rocks is extremely small, it was necessary to take unusual
precautions in order to determine with any degree of exactitude the amounts
of gold and silver present. Assayers do not ordinarily attempt to estimate
with accuracy any value of either gold or silver less than one dollar to the
ton (0.0026518 per cent.), and as the country rock of this district never
contains so much as this, particularly delicate methods were required in the
determination of the actual quantities of these metals.
Accuracy of the proce.. of ....yiDc.-The pro(Ws8 by which the results given in
this report were obtained have been fully explained in the chapter on
assaying, and it is only necessary to state that it was found possible to determine the value of silver in .any country rock within a cent and a half.
It was not possible, however, to determine the gold value with equal accuracy, as the quantity of i~ was"6xtremely small; and it was neglected in most
cases.
Object
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dry assay, while even if the degree of accuracy reached in determining theabsolute contents in precious metals of the Eureka rocks has been overestimated, the value of the results would scarcely be impaired, for it will
hardly be denied that the results form a sufficient basis for a comparison of
.different l::Iamples of the same rock, all containing very small quantities of
silver and gold. For the purposes of this report it makes little difference
whether a certain mass of limestone really contains 10 cents or 20 cents, if
it can be proved that a second body of limestone contains twice as much,
01', it may be, half as much.
In other words, the main purpose was to
ascertain the relative contents, not the absolute contents, of the samples
assayed. Even if the methods employed were ideally exact, it would be
impossible to calculate the metallic contents of large blocks of ground with
precision, since it would be impossible to obtain samples which should correctly represent the average of the mass.
PROSPECTING.

There is nothing remarkable about the methods of
prospecting in the Eureka District. On Prospect Mountain it' consists in
following seams or fissures in the limestone which show indications of ore,.
or in sinking shafts and driving levels in different directions in that rock~
At present Prospect Mountain is being explored by a system of tunnels,
which method, owing to· the natu. of the ground and the relation of theclaims to each other, offers some advantages. On Ruby Hill the shafts aresunk in the zone of mineral limestone between the quartzite and shale, and'
prospecting is carried on by cross-cutting between the two last formations,
particular attention being paid to the following of fissures and broken
ground. Caves, as well as stained limeston~, are usually considered anindication of ore.
Methoclaofproapec:tiuc.-
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csted as it was approached, although the indications were not so pronounced
that they might not have been caused by qualities of the rock independent
of the ore body itself.
As yet no practical benefit has been derived either from the electrical
experiments or from the assays of country rock. This is partially due to
the fact that neither of those methods of search have been sufficiently developed to give definite results. As regards assaying, it may be said that
although the indications are often indefinite, this method can be carried out
with comparatively little expense and with little loss of time, though great
care must always be used in making the assays and in employing the resulting values.
FUTURE OF EUREKA DISTRICT.

The mining region of Prospect Mountain comprised between Spring Valley on the west and the Secret Canon road on
the east will no doubt produce large quantities of ore for years to come.
Though several of the mines of this portion of the district have been developed to a considerable extent, there remain a great many claims which
are still in a virgin state. Underground explorations have proved that
many of the deposits are continuous to a considerable depth. It is therefore very probable that numerous unexpected ore bodies will be discovered
throughout this region in the course of fiture deep prospecting operations.
The ore bodies of Prospect Mountain, however, are not likely to be as
large as those of Ruby Hill, owing to the structure of the country. Taking
into consideration the height of the mountain and the fact that no quantity
of water has been encountered even at a depth of over 800 feet, no trouble
need be antiripated from that source for some time to come.
Future of the mmes of Ruby HiII.-What will be the future of the mines of Ruby
Puture of Prospect MOWltain.-

SUlIHABY.

198

favoring of it are strong-there seems to be no reason for doubting the
presence of ore below, provided that the limestone was in a fit state to admit the ore-bearing solutions during the period of deposition. That this
was the case is indicated by what has been thus far observed in the lower
limestone and by the fact that ore was found in the Ruby Hill fault-fissure
when it was laid bare by the cross-cut from the 1,200-foot level of the
Locan shaft. On the other hand, if the ore bodies were dependent upon
the prior formation of caves they will not be found below the wa:ter-Ievel,
as cave formation could not take place much below that plane.
Whether the extraction of the ore in the deeper workings will prove
profitable will depend upon the flow of water, size of ore bodies, value of
ore, and facilities With which it can be reduced. Water may prove a serious
impediment,· but it is not necessarily one which should De fatal to the exploration of these mines. As to the size of the ore bodies no satisfactory
predictions can be made. No great change in the value of the ore as regards silver need be feared, though it is possible that the contents in gold
may decrease.

.
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