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GENESIS OF THE MINERALS
Bome of the minerals cecurring with the silver deposit at
Tonapah were mentioned by Spurr' in his paper on the gealogy
of the distriet: and by Burgess® in his disenssion of the origin of

1 8purr, J. B, Geology of the Tonopah Mining Distriet, Novuda, 17 8
Gieal, Bary,, Prnf paper no, 42, 1903,

8 Burgess, J, A, The Hulogen Salts of Bilver ind Assoeiated Mineruls
ut Tonopuh, Nevadn, Heon, Gonl, vol, 8, p 13, 1977,
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the silver haloids. The latter author colleeted a good suite of the
minerals found in the veins and sent them to the writer for
Further study and report, and it is from a study of this material
that the following notes on the minerals have been prepired.

Ovrigin af the deposits—The silver deposits oeonr in a trachyte
which Spurr first designated as “*earlier andesite,’’ and were
formed by ascending solutions carrying the sulphidis and the
gold and depositing them at a period immediately following the
eruption. The typieal ore consists of a gangue of massive white
quartz and white feldspar containing blotehes and bands of
finely gpranular, black silver minerals, small amounts of pyvite,
chaleopyrite, galena, and sphalerite, and oceasionally free gold,
The dark silver bands are mainly argentite, with which are
intimately mixed polyvhasite and perhaps stephanite and tetra-
hedrite. An analysis of the primary sulphide concentrates of
the Montana-Tonopah mine, made by Hillebrand and quoted hy
Spurr, indicates that the simple sulphide, argentite, predom-
inates, but has probably mixed with it small amounts of silver
sulphantimonites and sulpharsenites and some selenide of silver,
or of lead and silver. These sulphide minerals are all primary
constituents of the veins, yvet most if not all of them also ocenr
geeondary, and some of the erystals in the eavities of the gangue
are doubtless of a later generation.

Geidation of the veins.—The deposits at Tonopah lie in an
arid region and, like most desert deposits of sulphide minerals,
have their oxidized gones characterized by a variety of rare sec-
ondary minerals not found where simple hydration only is pos-
gihle, This is due to the faet that surface waters penetrating to
the vein matter below and bringing about its alteration become
charged with salts leached from the overlying and adjacent
strata, and complex oxidation with less usual mineral precipita-
tions result. The descending solutions which bronght about the
main oxidation of the silver minerals ai Tonopah contained the
alkali bromide and jodide as well as the much more abundant
ehloride, and the complexity of the deépositing solutions 15 evi-
denced by the coatings of haloids, phosphates, arsenates, man-
ganates, and sulphates which line the walls of fissures and cavities
in the gangue,

i ity T e i
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The origin of the silver halgids—The most important seeond-
ary minerals in the zone of oxidation are the three silver salts,
cerargerite, cmbolite, and iodyrite. They have undoubiedly
erystallized out of descending solutions which obtained their
chlorides, hromides, and iodides from superficial deposits im-
pregnnted with the allkaline salts. and their general arrangement,
as stated by Burgess, is in three zones with cerargerite above,
embolite intermediate, and jodyrite below,  Sinee iodyrite is much
less soluble in water than cerargerite, this order of erystallization
may appear reversed, but in reality it iz the natural order of
oecnrrence when the silver salts have been deposited from mixed
solutions sneh as undoubtedly obtained at Tonopah.

The formation of good crvstals of these difficultly soluble salts
generally indicated a slow growth by gradual evaporation of very
weak solitions, but the degree of solubility and of conecentration
before erystallization depends upon the solvent, and erystals may
not form until the excess of certain salts have first been removed.

In the eerargerite zone the crystals are quite perfectly formed
and have evidently grown from solutions dilute enongh to pre-
vent the previous precipitation of manpanese and iron hydrates,
While the oxides of iron and manganese may be abundant in
this zone, their formation from the solutions was independent of,
and later than, the formation of the eerargerite.

In the embolite zone the erystals are in general imperfectly
formed and segregated into bunches. They characteristically
rest npon coatings of psilomelane and limonite which have been
previously deposited from the soluotions and therefore indicate a
growth from more concentrated solntions.

In the iodyrite zone the imperfectly formed erystals have
grown rather rapidly from solutions concentrated sufficiently to
precipitate  previonsly psilomelane, faky hematite and taky
jarosite in abundant coatings and masses. The evidence points
strongly to the conelusion that the erystallization of the iodyrite
depended upon the prior or simultaneous precipitation of these
iron and manganese minerals.

It is manifestly impossible to form more than an approximate
iden of the character of the oxidizing solutions., The waters con-
tained essentially chlorides, bromides, iodides, carbonates, and
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sulphates of the alkalies, leached from the sorface moterial and,
acting on the abundant pyrite and manganese minerals of the
rocks, they became charged with iron and manganese salts,
Probably more or less free acid and free gas were formed in the
mixed solutions, and the decomposing and oxidizing effect of
these solutions on the sulphides of the veins and on the gangue
must have been eomparatively rapid, The solutions which
pereolated downward through the ore body were essentially
sulphated waters of the alkalies, iron, manganese, and silver, with
potassiom and sodinm chlorides, bromides, and iodides.

The alkali ehlorides predominated over the bromides and
iodides in the napper zone of oxidation and it is safe to say that
chlorine was greatly in exeess of hromine or iodine in this zone.
The dilute solutions moved slowly downward through main
channels and narrow fissores, thoroughly saturating portions of
the vein, leaching out the potash of the feldspar and converting
the silver sulphides to sulphates. With sufficient silver presemt
the svaporation in this zone would have caused the precipitation
of the main deposit of the cerargerite even if the bromide and
iodide of silver had also been thrown out previeusly or with it
These two haloids, however, would not have existed in the nlkali
ehloride solution but would have been completely  transposed
into eernrgerite, while the bromine and jodine would have been
absorbed in the eold solutions and carried down possibly as
sodinm and potassinm salts.

The solutions passing downward became more concentratoed
in bulk, stronger relatively in bromine, iodine, and alkalies, and
at the same time depleted in chlorides, until a stage was reached
where the almost eonstant assoeiate and natural suceessor of
cerargerite, the double salt embolite, crystallized. Bromine and
ehlorine are alike and usually aceompany and replace each other,
so that cerargerite and embolite arve typically associated. As the
ehlorine diminished in the solutions, bromine replaced it in
cernrgerite as shown by tests, and probably a gradation from
cerargerite to embolite oeeurs in the mines. The embolite zone
represents a proportionate inerease of bromine to ehlorine in the
solutions, yet sufficient chlorine was still present to prevent the
formation of bromyrite and to form considerable cerargerite in
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this zone and some in the lower zone. The embolite is typically
deposited in bunches of imperfeet crystals on layers of psilo-
melane, and the oecurrence suggests the possibility that the
tromide was soluble in the exceess of the alkali-manganese sul-
phates and could not form readily as embolite until some of the
sodinm and potash was removed with the manganese by evapora-
tion, No analyses have been made of the manganess oxides, but
doubtless they eontain considerable potash and sodinm, sinee
these two alkalies were abondant in the solutions. It is well
known that the silver haloids are soluble in the alkali chlorides,
bromides, and iosdides. the alkali earbonates, and probably in the
alkali sulphates, so that the general tendency of alkaline solu-
tions is to dissolve the silver salts, Cerargerite erystallized in
the upper zones becanse of the prodomimance of ehlorine in
dilute solutions of the alkalies, although the solubility of the
chloride was vaised; but in the embolite zone the solutions had
beeome more concentrated and at the same time considerably
stronger in the alkalies, especially potash [rom the leaching of
the orthoclase, and neither the eerargerite, the iodyrite, nor the
embolite of this zone erystallized until the hyvdrate of manganese
was thrown down, carrying the restraining alkalies,

The solutions percolating downward carvied small amonnts
of ehlorine and bromine and most of the jodine in the form of
alkali salts of these elements. They also contained large amounts
of potassium, iron, and manganese derived from the veins, and
in the final evaporation of the waters, abundant eoatings of
peilomelane, flaky precipitated hematite and platy ervstals of
Jarcsite were formed, The wobbly erystals of iodyrite and
smaller bunches of embolite are in general perched upon these
eoatings or erystallized with them, and the evidenee seems con-
clusive that the jodyrite was soluble in the coneentrated solutions
and did not erystallize until after the hydrates of iron and of
manganese had been precipitated or had begun to form. What
kept the dodyrite from forming was probably the strong solu-
tions of potassivm and sodinm sulphates, and it was not until
the nlkalies had been removed in the formation of the jarosite
and psilomelane that the silver jodide eould erystallize, Todyrite
ig desomposed by strong solutions of potassinm or sodinm sul-
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phate and also slowly by ferric salphate and presumably by
manganic sulphate, so its solubility may have been due to a
ecombination of these salis,

The thres zones probably represent the action of long stand-
ing solutions on the silver minerals of each zone and what silver
was carried below was in the form of silver sulphate and not as
haloids. The bromine and jodine were presumahly carried down
as alkali salts. The oxidation of the deposit may have been long
continuons or at sueeessive intervals. but it seems to the writer
that a basin must have formerly existed above the deposit in
which the salts acenmulated, and that a body of water from this
basin penetrated to the ore below eareying these salts.

In the passige of the solutions downward pools were donbtless
formed in the ore body, which gave rise to rich pockets of the
haloids. The ocenrrence of some of the lodyrite erystals sug-
gests also that they were formed by fumes of free jodine acting
on the silver. Dounbtless free iodine was formed by the deeom-
position of the fodide or indate in the concentrated hot solutions,
and it must have formed if free acid was present,

The hydrous secondary minerals—The secondary minerals
derived by the alteration of the metallic and basie constituents
of the deposits are characteristically present in the form of eoat-
ings om the walls of cavities and fissures. The coatings are
either in very thin, minutely ecrvstalline, drusy layers or they
form minute botryaidal groupings. Most of them are brilliantly
lustrous but the erystals are generally nnmeasurable,

The hydrous manganese oxide is present in soft velvety layers
of impure material and in hard mammillary shells of pailomelane.
Much of it may have been derived from the alteration of man-
ganese tungstate which appears to be one of the older minerals
of the vein. Manganese hydroxides earrving the alkalies un-
doubtedly played an important part in the formation and erystal-
lization of the silver haloids and in its association with these it
was, in general, deposited first and forms the layers upon which
the ervstals rest.

The soluble phosphate, arsenate, and sulphate ocenr in the
lower or iodyrite sone of oxidation, They have neeessarily been
erystallized from more eoncentrated solutions, while at the same
time they antedate the formation of much of the iodyrite.

=]
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The few earbonates are of probably more recent formation
than those minerals derived by the general oxidation of the
deposit,

DESCRIPTION OF THE MINERALS

Namive EremMeEsTs: GoOLp axp SIVER

ffold —Free gold ocenrs as small flakes and grains in the
narrow black bands of argentite, on the borders of small, irregu-
lar veins and seams of quartz, mostly in the vicinity of the
Valley View wein. Arboreseent groupings of deformed oeta-
hedrons and  rhombie dodeeahedrons have occasionally  been
found in some of the mines. Gold oecurs in very limited quanti-
ties in rich silver ore, the general ratio of gold to silver being
about 1 to 9. The metal appears to have been deposited
ariginally with the silver minerals, either as visible particles
or later made visible through the decomposition of the silver
minerals containing it. No tellurides have been found in the dis-
trict and no traces of tellorium in the coneentrates, but its near
relation seleninm is present in over two per cent, as shown hy
Hillebrand's analysis. Tt is probably a eonstituent of polybasite
or tetrahedrite, or forms a silver selenide rather than n gold
selenide,

Silter.—Wires, films, and spongy masses of metallie silver are
frequently found aceompanying the varions silver minerals,
especially in the yugs where these are better crystallized. The
wires are generally attached to argentite, polybasite, tetrahedrite,
or pyrargyrite, and the metal is evidently a reduction produet,
Some of the polybasite erystals have their surfaces honeyeombied
and the amall eellular eavities filled with minute capillary silver.
Wire silver is prominent in the Belmont mine and one quartz
specimen from the 100-foot level charged with platy tetra-
hedrite has a fine wire eoating,

SULPHIDES : ARGENTITE, GaLeNs, Cinwavar, PYRITE,
CHALCOPYRITE AND SPHALERITE
Argentite—The ehief mineral of the Tonopah veins iz argen-
tite, but the sulphide is intermixed with the sulphosalt, poly-
basite, and possibly stephanite. The mineral is both primary and
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secondary and the better ervstallized masses in the gangue vugs
are probably largely secondary, The eommon reticnlated and
arhorescent shapes oecasionally show the octahedron or oubo-
octahedron, very must distorted.

Galina—Rich sulphide ore containing a high percentage of
gold often has galena disseminated through it accompanied by
pyrite and chaleopyrite. Galena is found st all depths, and in
the lower workings of some of the barren or low-grade veins it
ig assoeiated with sphalerite and chaleopyrite.

Cinpabar—Minnte patehes and thin steeaks of the red mer-
eury sulphide are visible in some of the gangne of the West End
mine. The mineral is very searvee in the veins and has only been
phserved in this mine.

Pyrite.—The conntry rock and wall rock of the deposits con-
tain mueh pyrite, but its seareity in the vein-matter has heen
eommented upon by Spurr. It is held to be largely secondary,
but some of that is undonbtedly primary which is so intimately
nssorigted with the fine granular black silver bands, Many of
the crystals of polybasite when broken show small particles of
pyrite and chalecopyrite as inclusions.

Chaleopiyrite.—Limited amounts of chaleopyrite are seen in
all parts of the veins, usaally in very fine grains, and it is a
eommon inelusion in the polybasite erystals. It is the souree of
the few secondary copper salts in the oxide zone,

Sphaterife—Brown sphalerite is very limited in its oceur-
renee in the veins, It is found with galena, chaleopyrite, and
traces of silver, below the 900-foot level of the Mizpah shaft.

SULPHANTIMONITES : POLYBASITE, STEPHANITE !, PYRARGYRITE,
AND TETRAHEDRITE

Folybasite —The lirittle black sulphantimonite of silver,
accompanying the argentite as one of the primary minerals of
the veins, is chietly polybasite. Platy erystals ocenr in the quartz
eavities and seams, gome of them with very brilliant faces. When
broken they show a charncteristic eherry-red color like pyrar-
gyrite. The erystals are thin basal plates with their edge-faces
horizontally striated, and they consist mainly of a broad base
with narrow faces of the pyramid p (111), the prism m (1107,
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and the brachypinacoid b (010), A few crystals had in addition
the form »r (112), and cone showed a good face of a new form
o (443). The typical habit of the ervstals i1s seen in figure 1,
plate 1.

Muonsured Calonlatod
(110} = (1T GOENS" 010
(110) : (010} &0 0D o0 35
(001} + (111) 61 15 61 14
(001} : f112) 42 14 43 10
(001) : (443) 67 46 T

Stephanite—Whether stephanite is mixed with the polybasite
in the black silver bands is practically impossible to determine.
All of the erystals of the brittle black silver oceurring in the
cavities of the specimens examined are polybasite, so the pres-
enee of stephanite was not proved,

Pyrargyrite.—The dark roby silver is generally found as a
fissure-filling in the quartz, often intergrown with argentite and
polybasite, and accompanied by wires of native silver. Most of
the mineral appears granuolar in the quartz, in the characteristic
dark gray bands with reddish cast” Small dark-red erystals have
heen formed in some of the cavities. consisting of the simple com-
bination of second order prism a (11200, hase ¢ (0001), and
rhombohedron ¢ (10T1),

Mansuarel Calelated
(2TT0) = (1130) G0=0g’ TR
(0001} = (10T1) 42 18 4% 28

Tetrahedrite—Thick tabular plates of tetrahedrite in the
gangue of quartz and feldspar, with wires of native silver, ocenr
in a specimen from the Belmont mine.

Havomns : CERARGERITE, EMBOLITE, AND lODYRITE

Cerargerite—The chloride of silver is the most abundant
member of the haloids in the deposits. 1t oeeurs throughout the
zone of oxidation, but is prineipally found in the upper portion
of the zope, Waxy coatings of the mineral cover several square
feel in ares and minute eryvstals are sbundantly disseminated in
the soft kaolinized feldspar, and m the small cavities of the
quartz. The coatings and erystals have a very brilliant adaman-
tine to waxy luster, and most are of a translucent pale gray color.
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Some coatings incline toward a green color and seem to grade
into embolite, The erystals are very minute in size and form
perfect eubes with generally the octahedron. Some are distorted
into prismatie shapes and others are twisted and eurved and
show evidences of having been formed from dripping solutions.
Spurr® cites the ocenrrence of cerargerite as an inclusion in
primary argentite and advances the possibility of the Farmation

of the hornsilver by the solvent action of the same solutions which '

deposited the original sulphides, Tt is possible and even probable
that some chlorine was present in the original ascending solutions
und that some cerargerite may have been formed, but it appears
undoubted that surface waters brought in the bulk of the chloride
and accomplished the main oxidation of the deposit.

Embolite—The chloro-bromide is not so abundant as the
simple ehloride or iodide, and it is chiefly found intermediate
between the two. It ceenrs in bunches and groups of green,
imperfectly formed crystals, often implanted on psilomelane.
The erystals are highly deformed cubes and octahedrons, with
sometimes the rhonbie dodecshedron,

In the erystallization of the cerargerite considerable bromine
was taken up, so the amount of embolite present in the mines does
not represent the original quantity of bromine carried in the
salutions,

Todyrite—Bromine so generally accompanies chlorine that
ernbolite is a characteristic associate of cerargerite in deposits
containing important amounts of the latter. Todine on the other
hand is very rare, and the Tonopah deposit is quite exceptional
in having iodyrite in a comparatively large quantity. The jodide
is mostly confined to the lower depths of the oxidized zone. Tt is
present as small loose crystals in the eavities and fissures of the
veing, and as brilliant erystalline erusts and coatings on the walls
of fissures. One of the largest pockets of loose erystals was
found in the Valley View vein, a few feet above the 500-foot
level. It contained a host of deep vellow erystals mixed with
small fragments of stalactitic and conchoidal psilomelane. The
crystals also oceur characteristieally with flaky brown and yellow

8 Lo¢, oil.
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jarosite, The later erystallization of the lodyrite is evidenced by
its deposition on layers of the iron sulphate and on other second-
ary minerals lining the fissures,

The erystals are mainly of a bright sulphur-yellow color, but
some ineline to greenish yellow, and others are tarnished bronze-
brown. The brilliant crystals after exposure to light gradually
become elondy and opague. The hest erystals for measurement
oceur isolated in quartz eavities, generally perched on drosy
quartz,

Todyrite possesses considerable crystallographie mportanee
beeanse it is one of the few known representatives of the
dihexagonal-pyramidal, or hemimorphorie, elass of symmetry,
and many of the Tonopah crystals show this hemimorphic char-
acter quite prominently. With very few exceptions the erystals
are simple combinations of the unit prism (1070], base ((N01),
and steep pyramid (2021), The prism is terminated on the
npper or positive end, aceording to the usual orientation, by
narrow faces of (2021) and a broad base, and on the lower or
negative end by (2021}, often without a lower base, as a char-
acteristic habit, The few other forms are very rarve and were
observed only once or twice in a lot of several hundred crystals
examined. Leaving out all doubtful forms, which were many
on pecount of imperfections, the forms determined were:

¢ [0001) i (2031} w (4031)
m (10T0) # (10T1) 1 {207T)
@ (1170) o (3071) e {000T)

One erystal showed narrow faces of the second order prism
{1120). Several had the unit pyramid (10T1) as very narcow
faces.  The steeper pyramids (3081) and (40%1) were each
observed on two crystals, The only negative pyramidal termi-
nation was (2027),

The four forms (0001}, (10T0), (2081}, and (2021) make
up the erystals and the habit or type is governed by the size and
predominance of these forms, Few of the crystals are simple
beecanse of the alternating growth of prism and pyramid. Sue-
cessive alternations of these two forms have produced hori-
zontally striated, furrowed, stepped, and tapered erystals
which make measorements very poor. A faet also observed was
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that the alternations were not rigidly parallel in many cases,
and that even the interfacial angles were sometimes distorted.
One of the best ervstals which gave sharp signals measured
{0001 ¢ (20%1) =58243" and (0001): (2021} =64° 12, with
angles lying between these for the adjacent readings. Similar
variations were noticed on other erystals, and it seems probable
that the oscillations in the growth, combined with a slight see-
tility of the mineral, have eaused a deformation of the angles.
Some of the prisms have their negative ends terminated by good
faces of the steep pyramid and small base, but the lower end
is rather characteristically drawn out into a long, wobbly and
curved, tapering pyramid. Many of the erystals, especially the
larger ones, are mere shells or hollow prisms with irregular
cavities.

The imperfect charucter of most of the erystals renders good
measurements impossible, and readings were obtained whieh
carrespond to various new and improbable forms.  These erystals
have been deseribed by Krans and Cook* who give several new
forms. From the nature of the crystals these new forms would
need to be substantiated by forther observations of them. As
shown abeve, considerable variation in the angle between the
base and pyramid may exist and their forms (7074), (T073),
and (15.0.75.8) seem to be striated gradations into, or imperfeet
readings of, the form (2021). The angle (0001):(2031) =
62° 10, and their angles for these forms show a variation of
—3° 23* to 4 3° 28, as seen from their measurements:

(0001) : (T074) = 58°%47°

(0001} : (7073) =65 33

(00010} 3 (15.0.75.8) = 60 32
With good ervstals thers might be no question about the validity
of these new forms, but on the Tonopah erystals their existener
is very doubtful. Their new form (9052) may be the known
form (4031). The angle (0001):(40%1) is 75° 12" and the
writer obtained measurements varying from 747 55° to 767 407
for a form which is probably (4031}, although the latter angle
vields more elosely the indiees ( o0n2).

i Krans and Cook, Todyrite from Toenopal, Nevada, Amer, Jouwrn., Sei.,
vol. 27, p. 210, 1808,
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The best readings obtained for the several forms observed
CHVE A8 AVETLTes

Messured Ulilen]nted
(aon1) & (1071} 43727 43"ap'
{op01) : {2021) 62 13 62 08
(oot : (3031} Tk B1 038
(0001} : (4091) 75 5o 12
{10T0) = (11%0) B0 00 30 00

Twinning is on the usnal twinning-plane (3034), but not many
of the ervstals are twinned, comparatively. The twinned erys-
tals are generally flattened parallel to the prism favces in the
same zone with the twinning-plane,

Some of the characteristic types of the erystals are illustrated
in figures 2 and 3 of plate 1.,

Oxioes: Quarrz, Opar, Cvemme, Hesmamre, Limoxire, Man-
GANTTE, PYROLUSITE, PSILOMELANE, AND Wi

Quartz—Massive white quartz eonstitutes the chief part of
the gangue. The fine granular silver minerals are always in it
and the best of the erystals oceur in its cavities and fissures.
Many of the eavities of the veins have been produced by the
alteration and leaching out of the feldspathie portion of the
gangue, and these pockets are often lined with a secondary
deposit of drusy quartz and quartz erystals, which are somoetimes
eorroded and stained vellowish brown. Trigonal development
of the quartz terminations are common, but none oecur with
trapezohedrons.

Opal.—In the Valley View vein a small amount of elear
eolloidal silien has solidified into colorless hyalite and this has
spread as a thin coating over minute erystals of white apatite,
giving them a glassy glaze. The opal has taken up erystals of
vellow jodyrite and other fragments in its flow and it is one of
the latest seeondary formations.

Cuprite—A few small masses of the red eopper oxide have
been enconntered in the oxidiged gone, which have their source
originally in the chaleopyrite,

Homatite and Limonite—Naturally the common iron oxides
would be plentiful in the weathered zone as impure earthy
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masses and stains, from the decomposition of the pyrite and
wollramite and former iron-bearing minerals. Dark-red earthy
masses with seams of brown jaresite are found in association
with the iodyrite, The yellowish staing of limonite color muoeh
af the quartz, especially in those cavities and erevices where the
fibrous eacoxenite oecurs.

Manganite, Pyrolusite, Psilomelane, and Wad.—The black
oxides of manganeze are very abundant in the zone of oxidation,
and their close association with the several silver haloids is
significant of their influence in the erystallization of the latter,
Manganite is present in some of the pockets as long, slender,
vertically striated rods, Pyrolusite is finely fibrous and forms
contings along the walls of some of the fissures, A felty variety
is seen on some of the specimens, Pailomelane is the eommon
manganese minersl of the mines. It is generally in botry-
oidal and small mammillary masses, and the embolite and
iodyrite are often deposited on them. Some of the pockets of
the gangue contain broken fragments of psilomelane mixed with
loose erystals of jodyrite. Mangunese is present also in soft,
velvety eoatings, with quite impure mixtures, and may be
classed as wad, Brown jarosite erystals are generally implanted
on such black eoatings.

Carnonares: Cavorre, MaNGaNOOcaLorTE, SimErrTE, REODOCHRO-
8ITE, MALACHITE, AND AZURITE

'aleite —The earbonates in the mines are all of later second-
ary origin. Some good caleites line the ereviees near the 200-
foot level of the Mizpah vein. They rest upon fibrous malachite
and some are bright green from inclusions of the copper car-
bonate and some have a eoating of colorless gypsum. The
crystals show an unusual habit. They are steep rhombohedral
with eurved faces, and the rhombohedron is the rare negative
form g (0552). They are somewhat sealenohedral in habit
owing to the curvature of the faces, but without obtuse edges.
A few of the erystals have in addition the wnit rhombohedron
r (1011) and the low negative rhombohedron ¢ (0072), hoth in
very narrow faces, as seen in figure 4, plate 1.
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The measuremenis were fairly good, notwithstanding the
enrvature of the main faces,

Mpasnroed Cileulstes]
(6502) @ (0552) 1067307 106°44"
(580F) 1 (0552) 73 16 73 13
(10T1) = (01T1) 74 51 T4 55
(10T1) = (0652) 5% B0 53 29
(10T1) & (0112) a7 28 3T AT
(0852) + (0T11) 112 15 112 33

Manganoealeite—Specimens of ore taken from the 1000-foot
level of the Belmont mine eontain erystalline granular patehes
of a light brown earbonate whieh turns dark brown when heated
and gives a strong reaction for manganese, but no iron.  The
mineral is chiefly caleinm earbonate containing manganese, but
the characteristic rose tint is missing. The grains of the mass
show some striated and eurved faces and only the low rhombo-
hedron (0172} can be distinguished.

Siderite is given by Spurr as one of the minerals of the veins
but none of the specimens include this earbonate.

Rhodochrogite—The munganese carbonate is of very rare
peenrrenes in the deposit. In the erevices of some of the quartz
specimens from the Montana-Tonopah mine a few pale rose
ervstals of minute size oceur singly. They are made up of the
steep sealenohedron y (2251) terminated by the base. The faces
of the sealenohedron are striated parallel to their basal edges
and the base is invariably dull. The erystals are shown in

ficure 5, plate 1,

Mensnroed Cnlmulated
(3251) -+ (6EI1) 45737 45700
(3351) ¢ (%a81) T0 60 T0 47

Malachite and Azurite.—Small amounts of both copper car-
bomates occur as stains and erystalling coatings.  The malachite
associated with the caleite of the Mizpah vein ocenrs in delicate
avicular gronps. The azurite is with much of the malachite as
light blue earthy material,

SiLicAaTEs . Ferpspar, Kaouwime, SErioire, a¥D REODONITE

Feldspar and Kaolinite—The potash feldspar, classed as
adularia, is the prominent silicate of the gangue. It is all more
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or less altered to pure white, or brownigh white, masses and
muech of it is completely kaolinized to soft white elay. This
kaolinization has been brought about by the action of acid or
alkali solutions and the soft masses in the nupper zone of oxida-
tion are often impregnated with minute crystals of hornsilver,

Sericite —All of the original silicates of the rock wers altered
by the original ascending solutions and the seant amount of
soft pearly sericitic moseovite now in the gangue is of secomdary
formation.

fhodontte.—The rieh silver ore of some of the veins shows
pinkish  bands of rhodonite ineluded in the gquartz.  Mueh of
the kaolinized feldspar is stained a pale rose color resembling
impure rhodonite.

PHOSFHATES AND ARSENATES: APATITE, PEEUDOMALACHITE,
Wavennire, Turguots, PHARMACOSIDERITE, AND

CACOXENITE

Apatite—Minute crystals of apatite line the crevices in the
Valley View vein, from the 440-foot to the 640-foot levels, The
eryvstals are snow-white and measure about two millimeters in
length. They oeenr as innomerable erystals forming a coating,
and have iodyrite erystals implanted upon them. Some of the
erystals have been later eoated with a glaze of hyalite. The
erystals are combinations of the hexagonal prism with upper base
and oecasionally very narrow faces of the unit pyramid (fig. 6.
This apatite has been formed as a purely secondary mineral and
gives no test for chlorine or fluorine. Tt is probably the simple
eileinm triphosphate.

Peoudomalgchile—This rare copper phesphate oceours in
gmall globular inerustations on the gquartz in pssociation with
rhodonite and hiibnerite, The globular forms are of a bright
emerald-green eolor and have a finely fibrous strueture resem-
Bling malachite

Wavellite—Little spheres of white wavellite are implanted
on speeimens of the vein quartz, but they are few in number.
Internally they have concentrie-radiating, delieately fibrous,
structure,
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Turgiois—Small amounts of pale green turquoeis, fading
into white oparqne masses, oecur in the creviees of the Mizpah
vein at the 600-foot level. The mineral is associated with black
manganese oxides and kaolinite, and oeeors in the vieinity of
much 1odyrite,

Pharmacosiderite—The rare iron arsenate occurs as a coat-
ing om quartz at the 370-foot level of the Montana-Tonopah
mine, Tt ix light vellowish green and oeenrs in distinet cubes,
with its tetrahedral symmetry indieated by diagonal striations,
A fow crystals show small faces of the tetrahedron and narrow
faces of the rhombie dodecahedron. Deposited on this arsenate
are little botevoidal geonps of an nndetérmined dark-red iron
phosphate with irridescent surfaces and light rown altered rims.

flacorenite.—Radisting tults of golden vellow and pale yellow
paeoxenite pecur in the cellular quartz gangue of the Montana-
Tonopab mine, about the 500-foot level, The structure of the
minerals resembles burrs with short bristles, and the bristles or
needles often radiate from a central small circle like spokes from
the hub of a wheel. These bunches are typieally deposited on
drusy quartz which is coated with hrownish black velvety layers
of manganese oxide, or is colored brown or black by manganese,

SULPHATES : GYPSUM, JARDRITE, AND BARITE

iy psum,—Very little ealeium sulphate is seen in association
with the specimens examined, and the mines were quite free of
caleinm eompounds which ecould form this eommon secondary
mineral. Some of the fissnre walls are coated with thin layers
of eolorless selenite, and it oceasionally forms o glaze on argentite
and on some of the other secondary minerals, Brilliant erystal
faces are seen on the coatings but there are no well:defined
erystals,

darogite—The hydrons sulphate, jarosite, is the most prom-
inent of the seeondary minerals precipitated from the solutions.
It is characteristic of the lower zone of oxidation and is in close
assoriation with the larger part of the fodyrite. It genereally
oeeurs in Huky masses and flaky coatings, varying from light
oehre-vellow to dark reddish brown. These fakes under the
mierogeope are seen to be basal plates with rhombohedral edges.
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Small ervstals with bright refleeting faces also oceur in the
erevices of earthy masses and as a deposition on the black
manganese coatings. The erystals are rhombohedrons with the
basal planes in about equal development, so their resemblance
to octahedrons and to cubes with the tetrahedron is quite marked
(fig. 7). Home of them have the rhombohedral faces striated
while the base is perfeet,

The solutions which precipitated the jarosite contained both
the sodinm and the potassium sulphates, and it is probable that
analyses would show the presence of natrojarosite as well as the
normal jarosite and gradations of one into the other. A quali-
tative analysis made of the yellow flakes shows them to be jarosite
but with eonsiderable sodinm.

Barite—'The sulphate of barinm does not oeeur abundantly
in the vein, vet masses of crystals covering several square feet
are found on the walls of some of the fissures. The erystals ave
white and have the ecommon basal-plate habit. Some are half an
inch thick and an inch or more wide. The large erystals consist
simply of the base ¢ (001) and prism m (110}, while the smaller
unes have also narrow faces of the pyramid 2z (111), and brachy-
pinacoid b (010). Thin layers of hematite or limonite coat many
of them. Some of the stout plates are later parallel enlargements
of smaller plates and the interior crystal had often the brachy-
pinacoid, not present on the outer or enlarged erystal. Figure 8
illustrates the type of crystals.

M easnred Unlenlated
{110) = (170} bl 1 TRo2y’
(110) : (010) 50 &0 50 49
(oo1) x (111) 64 24 64 10
(11oy & (1113 a5 42 a5 41

ToxGsTATE AND Movvepate: Hipnesire or WOLFRAMITE, AND
W ULFENITE

Hiibwerite or Waolframite—The manganese tungstate ocenrs
in black platy masses in the compact quartz gangue and in very
thin plates in the cayities and seams of the gangue. All of the
material eontains iron and is to be classed as wolframite rather
than as hiibnerite. The crystals are tabolar parallel to the
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arthopinacoid and some of them are exeeedingly thin and almost
transparent, with a deep red color. They are vertically fur-
rowed and striated and the least touch breaks them into slender
rodds by the easy elinopinacoidal eleavage. Many of the broad
plates have frayed-out ends, while others are terminated by dull
bases. The predominating habit shows a broad, striated, front-
pinacoid grading into prisms and terminated by a rough base’
and two small faces of the rear pyramid (T11), as seen in
ficure 9. Some of the stouter crystals gave very good readings
with the two-cirele goniometer, since the striations did not pre-
vent good polar orientation. The prismatie zone was a multiple
of narrow striated faees and gave a teain of wedges from which
only a few could be distinguished as definite forms, Since the
erystals are very thin, the pyramidal faces were all small, bat
mostly very bright. One new pyramid (122} oeenrred on some
of the erystals, in good reflecting faces. The forms observed
on the erystals and the angles measured and ealenlated arve as
follows:

e (001) m (110) a'{711)

b (01D q [B30) o (T11)

a (100 h (210) e (T12)

r (120} s (T21) ¢ (T22) new

Mensnred Cnlenlated
& . # P

e @ 110 49548 E1 M) 11 L ORI
i i= B30 T2 5 64 (0 72 48 - D0 00
h B 310 74 40 00 04 T4 87 a0
r w? 120 31 00 00 31 13 80 DR
s —12 T21 o4 63 34 It on 63 41
d ==35] i1 o7 05 66 21 i 20 G 10
(] —11 Ti1 T 0 o4 00 50 14 53 42
' —tt T12 0 18 a0 01 33 59
v —i1 Taa T 50 45 14 T 48 45 15

Walfenite—Thin basal plates of wulfenite ocenr assoviated
with barite and erystals of fodyrite. Twinned crystals of
iodyrite have heen deposited on the wulfenite plates and are
therefore of later generation. The plates are almost eolorless and



20 University of California Publications in Geology. |VoL.7 BULL DEPT. GEOL. UNIV. CAL, VoL 7, PL |

2
are very thin compared to their lateral dimensions (fig, 101, The I
forms and angles measored and calenlated are as follows: c
3 i
¢ (a1
e (101)
w (102)
Mensmred Caleubnted im 7
foo1) s (101) 751" il
(001) = (102) 47 H6 a8 16
|
Mineralogical Laboratory, ﬁ" fl lil i i
[Madversity of Californie. g
Transmitted March 4, 1912 m
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/ - /
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