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Art. XLVIIL.—Minerals fromthe Clifton-Morenci District,
Arizona;* by W. LinpGreN and W. F. HiLLEBRAND.

In 1902 an examination was made of the Clifton-Morenci
copper districtin Arizona. Study of the collections proved the
resence of several interesting minerals, a brief account of which
18 here given. The copper deposits at Clifton and Morenci
consist in part of irregular or tabular bodies of oxidized ores
in Paleozoic limestones, partly of chalcocite ores connected with
fissure veins in a granite porphyry or in the same limestones.
Coronadite—On the dump of a small shaft on the west end
of the Coronado vein, three-fourths of a mile west of Horse-
shoe shaft, fairly large amounts of a dark metallic mineral were
found intimately intergrown with quartz and decomposing into
limonite. The vein at this end shows no copper minerals but is
stated to contain some gold and its surface ores are reported to
have been worked in an arrastre in the early days of the camp.
In color this mineral is black and its structure delicately fibrous.
The hardness is about 4 and the streak black with brownish
tinge.

i thin section proves it to be opaque and in reflected light
its fibrous and homogeneous structure is well brought out. It
cements angular quartz grains and its secondary nature is clearly
indicated. In general aspect it is not unlike psilomelane. A
{)re]iminary examination showed that it contained the oxides of
ead and manganese: as it did not seem to correspond to any
known mineral species, a separation and analysis was made.
The results were as follows :

Long continued efforts to secure pure material for analysis
by the use of heavy solutions were not attended with success.
The ultimate product of specific gravity, 5-246 at 22°, yielded
on decomposition by hydrochloric acid a residue of from 6 to 7
per cent, which consisted mainly of silica, with a small amount
of alumina, ete. Its presence would not have mattered much
had it been quite indifferent to acids, but its partial solubility,
as shown by the varying amounts undissolved on _different
trials and similar varying amounts of alumina and perhaps
other minor ingredients found in solution, renders the calcula-
tion of molecular ratios not altogether certain in all cases. The
composition as found is:

* Published by permission of the Director of the U. S. Geol. Survey.
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MnO, .....ocooamiaiaaas 56°18*%
MnO ... . ... 8:56
PbO ..o 2648
/4110 R | 3 {1
CuO e eeeeeeeeee e, 005
MoO, il 0-34
ALOL 0-63t
e teeee me imme--aa- 1'01
O 103§
Insol. and silica ......... 722

Ca0, MgO, Alk., and loss 045

10000

The material available did not admit of determining quanti-
tatively the vanadium, which may be present in rather more
than a mere trace, but neither it nor the phosphorus can influence
materially the ratios given below. e vanadium would be
effective in two ways: (1) by requiring a base for its neutrali-
zation, if existing as an acid constituent, and (2) by liberating
chlorine when acted on by hydrochloric acid, and thus affecting
the values found for peroxide oxygen. It the iron exists in
the ferrous state, it too would affect the values found for the
peroxide oxygen and consequently for both the oxides of man-
ganese. Assuming it to so exist and applying the proper cor-
rections, also deducting from the lead oxide an equivalent for
the molybdenum, assuming its existence as molyb%ate of lead,
the following are the results:

MnO,........ 56.68 ~ 87 = 6515 = 300
MoO ........ 611 + 71 = -0861

PbO......... 26 96 + 2229 = ‘1165

FeO......... 091 + 72° = ‘0126 » 0217 = 1:00
ZnO ... ... 010 + 81 = 0012

CuO._........ 005 +~ 79 = ‘0006 |

HO ......... 108 + 18 = -0572 = 0-264

If the mineral is to be T{garded as anhydrous, the compara-
tively simple formula R” (Mn,0O,)" satisfies the above ratio, and
it may be written structurally :

o = Mnllll —_— O

0 = b _

* Mean of 56:10 and 56°18. Total Mn as MnO from MnSO,, 52-38 per cent.
Peroxide oxygen 10°31 per cent.
With a little TiOs, PsOs and V,0;. $ State of oxidation not known.
$ Nothing at 100°, only 0°14 per cent below 200°.
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in which R” = Pb” or Mn”. This is to be regarded as a saturated
salt of one of the numerous possible derivatives of ortho-man-

nous acid that may be derived from it by removal of water,
in the present case as follows:

SH,MnO, — 5H,0 = H,Mn,0,

An acid of the same empirical formula would result by
removal of two molecules of water from three of metamanga-
nous acid, H,MnO,.

It is probably best to rest for the present content with the
above relatively simple formula and to regard the water found
as due to incipient alteration. But if the water is to be con-
sidered as wholly or in part essential, and furthermore constitu-
tional—and this may very well be the proper view to take—
then the formula becomes much more complex, namely R,”H,
(Mn,,0,,), when none of the -water is allotted to the foreign
matter. This formula is still referable graphically to a more
highly condensed manganous acid, and & number of isomers
would be possible.

Such intricate formulas as this should not cause the least
surprise, however unlikely they may at first appear to be. The
great number of manganites, in varying degrees of saturation
and hydration, observed in nature and prepared artificially, some
of them of even greater complexity that the above, are cer-
tainly not all mixtures of only a few simply constitnted mole-
cules. A very short study of the graphic formula correspond-
ing to the above empirical formula R” H, (Mn,,0,,) will show
what a vast number of closely related bodies are theoretically
possible by hydrating the molecule step by step, or by adding to
or reducing the number of divalent atoms, or substituting for
then those of another valence. Similar varieties in great number
would be derivable from other condensed manganous acids of
both higher and lower orders, and it is plain that because of
the very slight differences in percentage composition between
many of them, it is almost as hopeless to expect analysis to
reveal the exact empirical formula in the majority of cases as it
is for the enormously complex albuminous bodies of organic
chemistry. This is especially true because in so many cases the
mineral manganites described are far from being homogeneous
species. They are either mixtures of two or more of these
closely relatedy complex molecules, or else are contaminated by
foreign bodies. It is not surprising then that so many com-
pounds of uncertain formula that may be regarded as salts of
manganous acid have been prepared in the laboratory or are
found in nature. From the known tendency of these bodies
to form under laboratory conditions which may very well be
repeated in their general character in nature, it is to be expected
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that a vast number of mineral manganites should exist, and it
ought rather to excite surprise than otherwise if two or more
are not formed simultaneously from the same solution. This,
together with inherent difficulties of analysis, would offer a
simple explanation of the fact that so few ot the analyses made
lead to rational formulas. If formed from solution their original
state might well be one of hydration either as regards water of
crystallization or of constitution. The temperature at which
the water is expelled in the present case indicates constitutional
water.

Our search of the literature has not revealed a native man-
ganite carrying a high percentage of lead, although artificial
compounds have been prepared. For this reason, and because
of its distinctly crystalrine character, the present mineral seems
worthy of receiving a specific name. The one we propose is
Coronadite, after the famous explorer of that portion of the
American continent from which the Territories of New
Mexico and Arizona have been formed.

Chaleocite (Cu,S).—The cuprous sulphide is very common
in the Clifton district, in fact constituting at present the prin-
cipal valuable mineral in the ores. It occurs chiefly inter-
grown with pyrite, in the altered porphyry as disseminated

rains or as solid seams or veins which rarely exceed two or
three feet in thickness. It is never crystallized but has ordi-
narily an earthy or sooty api)earance and black color; scratch-
ing 1t with a knife reveals the semi-sectile character and
metallic luster. In a few small massive veinlets the normal
metallic luster and dark gray color appear on fractures; a
fibrous or columnar structure of the mineral is known on small
seams in shale from the Montezuma mine. The mineral pre-
fers porphyry, and the great bodies of ore now worked all
occur in this rock; but it is not entirely unknown from the
irregular deposits in limestone generally carrying cug.rite and
copper carbonates. A partial analysis of massive chalcocite
from the Montezuma mine, Morenci, gave 96 per cent Cu,S and
2-4 per cent FeS,, the latter probably mechanically admixed.

The chalcocite is everywﬂere, in this district, a secondary
mineral formed by the replacement of pyrite by means of
descending solutions of cupric sulphate. The deposition of
the mineral was accompanied by the formation of quartz, chal-
cedony, and kaolin. In the porphyry the chalcocite ore along
the veins begins 100 to 200 feet below the surface and con-
tinues to a depth of 400 feet, or even more, when it is usually
replaced by pyrite, chalcopyrite, and zincblende.

Silicates.

Willemite (Zn,Si0,).—This rare silicate of zinc was found
by Mr. Boutwell as. very small greyish crystals on a fragment
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of garnet rock in the Modoc open cut, on the north side of
Modoc Mountain. These crystals were identified by Messrs.
Pirsson and Penfield of Yale University, who state that the
stout hexagonal prisms look exactly like those from the original
locality at Moresnet.

Calamine (ZuOH,SiO,).—Small transparent orthorhombic
crystals of calamine wereidentified on a specimen of decomposed
garnet rock from the Shannon mine, just above the lime
quarry. -

Dioptase (H,CuSiO,).—The silicate of copper, dioptase, has
been found at only a few localities. Very beautiful speci-
mens, which, however, are by no means common, have long
been known from the classic locality, the Kirghese Steppes,
Russia, and more recently from the French Congo State,
Africa. Dioptase is seldom found in the United States, the
only recorded occurrences being at the Bon Ton mines, Chase
Creek, near Clifton, Arizona, noted by R. C. Hills,* and from
near Riverside P. O., Pinal County, Arizona, noted by W. B.
Smith.t Well crystallized specimens of this mineral were
found on an old dump of the Stevens group of mines, on the
west side of Chase Creek, near Gartield Gulech. They occurred
in a small chimney of chrysocolla ore in limestone, now worked
out, and the locality is believed to be the same as that described
by Mr. Hills. The dioptase crystals were submitted to Prof.
S. L. Penfield, who remarks on them as follows:

“ The crystals, measuring from 1™ to 2™ in diameter, occur
closely grouped together, lining cavities in a brown ferrugi-
nous gangue impregnated with amorphous
green material which is probably chrysocolla.

1
The color of the dioptase is a beautiful emerald-
green. The habit of the crystals, shown by
the accompanying figure, is that which is ‘
most commonly observed and is especially \
characteristic for dioptase; prism of the sec-
ond order @ (1120), terminated chiefly by the
rhombohedron of the first order &(0221) and
with small faces of the rhombohedron of the ’
third order « (1341). As is common on this
species, the prismatic faces are vicinal and
the s and « faces are striated parallel to their
mutual intersection edges, hence the crystals are not suited for
giving accurate measurements of the angles with the reflec-
tion goniometer. One crystal was measured, and the angles
of one of the rhombohedral zones, given below, are sufficiently
close to the calculated values to establish the identity of the
forms. ‘

* This Journal (8), vol. xxiii, p. 825, 1882,
4 Proc. Colorado Seci. Soc., vol. ii, p. 159, 1887.
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Measured. Calculated.

ax, 1120 1811 = 28°55’ 28° 48’
s, 0221 3021 = 83 48 84 33
&a’y 2021 1120 = 48 18 47 43

By crushing some of the material, imbedded in oil under a
cover glass, and examination in convergent polarized light,
occasional fragments were found which gave a normal uniaxial
interference figure, with numerous rings indicating high bire-
fringence. The character of the birefringence was found to
be positive. Thus in all of its crystallographic and optical
relations the material studied is like typical dioptase from
other localities.”

Chrysocolla (CuSiO,+nH,0). — This mineral occurs very
commonly in the oxidized part of the deposits, but does not,
except in some cases, constitute an important ore. On the
whole, it is more abundant in the deposits in porphyry and
granite than in those contained in limestone. he usual
bluish green or dirty green colors and conchoidal fracture
characterize it. It occurs in seams or coatings at many of the
mines : abundantly in the Mammoth mine on contact fissure
between porphyry and limestone; at several prospects on the
Stevens group in Chase Creek near Garﬁel(s) Guleh ; in the
Terazas fissure vein in porphyry near Metcalf ; at the Metcalf
mines and many of the prospects between that place and
Morenci ; at the Modoc open cut, Morenci. Technical analy-
ses of chrysocolla ore from Terazas mine by the Arizona Cop-
per Company gave

SiO, ... 3165
Cul .. ..... 3490
HO ...o............ 2630
AlO, . . ... 3:80
Undetermined ._._._.. 335

100-00

- Normal chrysocolla shonld have 34'2 per cent SiO,, 452 per
oent CuO, and 205 per cent H,O, but the analyses show great

divergency, many probably being mixtures. oreover, what
has been called chrysocolla probably includes two mineral
species.

The optical characteristics of chrysocolla seem imperfectly
known. Dana states that it is cryptocrystalline, while many
other text-books, notably one issued in 1902 by Professor
Miers, call it * amorphous.”

In most cases the mineral indeed seems cryptocrystalline
with bluish gray colors of interference. But this is by no
means universal.
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Chrysocolla from the Modoc open cut appears a8 mammil-
lary crusts of bluish green color on * copper-pitch ore.” The
latter is isotropic and undoubtedly a distinct mineral from the

- chrysocolla, of brown color in varying tints, some of it opaque
and showing evidence of*concentric deposition. On top of the
chrysocolla are thin crusts of quartz and sowe calcite. The
chrysocolla has three different structural forms, as seen under
the microscope : (1) The dominant mass is a cryptocrystalline
to microcrystalline aggregate of particles with high birefract-
ing index ; (2) very fibrous and felted aggregates of same sub-
stance giving undulatory effects between crossed nicols and
medium high colors ; (3) fibrous crusts on top of 1, or also in
thin layers between masses of 1, the individuals having such a
remarkably parallel orientation that the aggregate of them
appears almost like single crystals between crossed nicols, with
black shadows sweeping across them when the table is turned.
The extinction is parallel to the fibers, double refraction strong,
about like augite, character negative. The same optical char-
acteristics were repeatedly observed in thin sections of chryso-
colla from Metcalf and other places. Reniform deposits were
sometimes noted, the center of cryptocrystalline material coated
with coarsely fibrous and highly birefringent material.

Sections from the Coronado and Metcalf mines often showed
Eseudomorphs of pyrite consisting of a shell of limonite with

ernel of fibrous chrysocolla.

The observatious of Jannettaz* on chrysocolla from Boleo
Baja, California, Mexico, led to the same results as described
above, but seem generally to have been overlooked by editors
of text-books.

Copper pitch ore.—Under this old German name is described
a dark brown to black substance, sometimes dull but generally
with glassy to resinous luster ; hardness about 4 ; streak dar{(
brown. It occurs among the products of oxidation of the
deposits in limestone, as at the Betroit and Longfellow mines
and Modoc open out at Morenci, and is associatenfwith azurite,
malachite, and chrysocolla, often enclosing these minerals or
replacing in branching veinlets, together with azurite, a shale-
like mass, probably largely composed of kaolin. In thin sec-
tion it is sometimes opaque, but often also translucent, gradual
transitions obtaining in the same section, und occurs in irregu-
lar or concretionary masses, often containing small embed(ﬁal:l
crystals of a doubtful mineral, possibly a silicate of zine.
Between crossed nicols the translucent mineral always proves
entirely isotropic and, except for varying depth of color and
the small crystals mentioned, entirely homogeneous.

* Bull. Soc. Min. Paris, 1886, ix, 211.



Lindgren and Hillebrand— Minerals from Arizona. 455

A rough preliminary analysis of selected pitch black material
from the Detroit mine gave

CuO . ecaas ... 286
/11 0 N 84
MoO, ..ol 212
Fe O,+A1LO0,+PO, ... _._...._. 40
Insoluble in II,CI .................. 228

Ignition loss 16°3, less oxygen due
to conversion of MnO, to Mn,O, .. 187

987

Similar material surmounted by crusts of chrysocolla from
the Modoc open cut contained much MnO,, with a good deal of
CuO and ZnO, and is thus evidently the same substance. Man-
ganese is largely but not certainly wholly present as MnO,.
The insoluble portion consists of silica, is wholly separated by
acid without need of evaporation, and is nearly all soluble in
dilute potassinm hydroxide. It is not possible to say whether
silica is in combination or as opal, but it cannot be present in
any other form.

Most of these copper pitch ores, known from many districts,
have been described as impure chrysocolla. As shown by the
optical characteristics, they are not however a mixture and they
certainly do not contain any chrysocolla, the characteristics of
which are very different. They probably represent a series of
closely related compounds, the chemistry of which has not yet
been fully elucidated. Prof. G. A. Kcenig¥ describes a similar
mineral with the same isotropic character from Bisbee, and
names it melanochalcite. Its composition is different, contain-

ing

CuO._ .. ... .. .... 76-88
SiO, ... _....l. 7'80
CO, e aeeeaas 717
HO 771
ZnO .. .... 041
FeS, ................ 007

100°04

Prof. Koenig considers it as most probably a basic salt of an
ortho-silico-carbonic acid. No carbon dioxide was found in the
Morenci minerals. In conclusion, it would seemn that the
chemistry of these copper pitch ores would bear further
examination.

Morencite—In a lime shale on the intermediate level of the
Arizona Central mine, Morenci, 200 feet below the surface,

# This Journal, xiv, p. 404, Dec. 1902.
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brownish or greenish spreading mases were found, containin
brownish yeﬁow, silky fibrous seams. The enclosing materia
consists largely of the same material as the seams, but impure
and mixed with a little chlorite and pyrite. The whole bears
evidence of being a product of oxidation of some contact
metamorphic mineral.

The fibrous mineral on the seams forms a felted aggregate as
seen under the microscope, but it is well individualized and
contains few impurities except a little pyrite and chlorite. The
minute fibers are brownish yellow and slightly pleochroic, being
darker when parallel to the principal section (opposite the
behavior of biotite) ; the birefringence is strong and extinction
strictly parallel to the fibers. o mineral correquonding to
this has been described, bat, although its individual character
is beyond doubt, the analysis does not lead to a satisfactory
formula. The material for the analysis was picked out care-
fully under the lens and, examined under the microscope, it
proved satisfactorily pure.

The analysis afforded the results of the first column of figures
below. In deducing the molecular ratios of the second column,
there has been deducted sufficient lime to form apatite with
the phosphoric oxide.

Molecular ratios.

Si0,.cceeaaeeao.. 4574 15T =10"71or 11
TiO, cceoo. trace
AI,O'._-.---__--.-- 1-98 019 L 205 — 290 ¢ 3
FeO, .cvv oo, 2968 186
FeO. .. . ........ 0-83 011 )
MnO ._..........._ trace
Mg0 11T sap 100 [M1 = 200 2
KO............... 020 002
NaO..._....._.... 010 001 |
H0105° ... 884 491 = 696« 7
HO150° .......__. 012
H,O below redness.. 4-27 282 = 899 “ 4
H,O redness.._. ... < 069
CuO .............. little
FeS, ... ... 0-66
PO, --.ceceeeeue.. 018

98°89

It would seem from the temperatures at which the water is
driven off that this must exist in two conditions, and that four-
elevenths of it must be held more securely than the remaining
seven-clevenths. The attempt to account for four molecules of
water as constitutional, however, led to no simple or seemingly
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probable formula, whereas if all water is excluded the ratio is
that of a metasilicate—R",R’”, (8i0,)",,. On the other hand,
to include the whole of the water as essential to the silicate
molecule, for which there is little ground in view of the ease
with which most of it is expelled, leads to an orthosilicate
ratio— R/, R, R"’ (8i0,)"”,..

On the whole, considering also the bad summation of the
analysis, it is more rational to regard the mineral as a hydration
product of an original metasilicate molecule than to attempt to
construct a complex formula which could have but a very
doubtful value. Considering that the mineral is not a mixture,
but optically well individualized, we have, after some hesita-
tion, thought best to designate it by the name morencite,
derived from the locality in which it was found.

Libethenite (H,Cu,P,0,,).—This hydrous, basic phosphate of
copper was found 30 feet below the adit level of the Coro-
nado lode, in the main shoot. It is a matter of interest to
record its oceurrence, for this rare mineral has never before
been noted in the United States. It occurs in small crystals,
less than 1™ in length, deposited in cavities and seams in a

uartzite gangue. ’l%w mineral was identitied by Prof. S. L.
enfield, who also kindly measured and figured the crystals.
Prof. Penfield describes the occurrence as follows:

“The only associated mineralsare occasional clusters of minute
%uartz crystals and small tufts of radiated malachite needles.

he color of the libethenite varies from light to dark olive-
green, depending upon the size of the crystals. The habit of
the crystals, as shown by the accompany-
ing illustration, is a combination of the
prism m (110) and brachydome e (011),
which is exactly like that commonly ob-
served on libethenite from foreign locali-
ties. On an occasional erystal the brachy-
pinacoid & (010) was also observed. Al-
though the crystals are brilliant, the faces
are generally vicinal and give uncertain or
multiple reflections of the goniometer sig-
nal. The best reflections were obtained
from the faces of the dome ¢, and three
measurements of eae’ye 011 A 011 gave
69° 52/, 70° 18’ and 70° 14’. The last measurement, obtained
from the best reflections, is close to the value, 70° 8’, obtained
by Rose. The best measurements of the prismatic angle gave
mam”’, 110 A110 = 87° 11’, which, considering the vicinal
character of the prismatic faces, is reasonably close to the value
of Rose, 87° 40’, as given in Dana’s Mineralogy. A small
crystal resting on a prismatic face, when examined in con-
vergent polarized light, showed an optical axis nearly in the

2
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center of the field with the dark bar running at right angles to

the vertical axis, thus indicating that the optical axes are in

the plane of the base, as determined by Des Cloizeaux. The
presence of copper, water and phosphoric anhydride was deter-
mined by chemical tests.”

A more detailed search would probably reveal small quanti-
ties of phosphates from other mines near Morenci. They are
certainly not abundant.

Brochantite (H,Cu,S0,,).—This basic sulphate of copper is
usually supposed to be one of the rarer minerals. It was,
however, discovered at a few places near Metcalf and
Morenci, in well developed crystals, and this led to a syste-
matic microscopic examination of the green ores, hitherto sup-
posed to be malachite. The result was surprising, as the
mineral was proved to be of extremely common occurrence,
mostly intergrown with malachite, which had effectively
masked its presence. It is believed that a careful examina-
tion of many so-called malachites from other districts will dis-
close the overlooked importance of brochantite as & copper ore.

Brochantite is frequently crystallized in the short but stout
rhombic prisms combined with dome and brachypinacoid char-
acteristic of the species. Needle-shaped and flat crystals are
more rare. The crystals are usually of small size and fre-
quently microscopic. It occurs as lighter or darker emerald-
green crusts on limonite or sericitized porphyry from the Red
ore body in the Shannon mine, from the Metcalf mines and
many other places; as fine-grained aggregates in altered
porphyry at the Shannon mine, near the surface, and constitu-
ting valuable ore with up to 30 per cent copper ; from crop-
pings of the King vein, filling seams and coating porphyry
fragments as flat pieces or even foils with almost pearly luster ;
from the croppings of the Copper Queen mine between
Morenci and Metcalf, here as flat stellar aggregates of bluish
green foils; at many places near Morenci, as, for instance,
Copper Mountain and Montezuma mines, at the latter locality
replacing chalcocite. It would probably not be found absent
from any mine in the district containing oxidized copper ores.
Malachite often develops later than the brochantite.

On the whole, the mineral is most abundant in fissure veins
in porphyry, thoagh also occurring in the irregular deposits in
limestone.

" Brochantite has an excellent cleavage parallel to the brachy-
inacoid. The macropinacoid is the axial plane and the acute
isectrix is seen emerging in cleavage foils. Pleochroism very

slight. Birefringence much lower than malachite, about equal

to that of augite. This, as well as the absence of twins, dis-
tinguishes brochantite from malachite. The reaction for sul-
phuric acid is of course a valuable aid.
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Spangolite (H,,Cu,AlC180,,).—This peculiar mineral, essen-
tialf; a highly basic chloro-sulphate of copper and alumi-
num, was discovered and described by Prof. S. L. Penfield*
some fifteen years ago. The specimen came from some point
within 200 miles of Tombstone, Arizona, and probably from
one of the great copper camps of the territory. Somewhat
later it was identified Y); Prof. H. A. Miers on two specimens
from Cornwall, England, but the American locality has not
yet been found. It is, therefore, a matter of interest to record
its discovery on some specimens from the Metcalf mine of the
Arizona Copper Company, taken from the workings in the
great open cut not more than 100 feet below the surface.
These specimens consist of white sericitized granite-porphyry,
in part silicitied, and traversed by veinlets ang irregular masses
of cuprite; the cuprite contains native copper and is covered
by crusts of malachite, brochantite, and chrysocolla. A soft
and scaly bluish green coating on the chrysocolla proved to
consist of microscopical hexagonal crystals or cleavage foils,
remaining dark between crossed nicols. The mineral was
identified as spangolite, a determination in which Professor
Penfield concurred. No measurable crystals were found and
the mineral is very inconspicuouns. It is difficult, if not impos-
sible, to obtain material entirely free from accompanying
minerals. :

Selected bluish flakes from this specimen gave tests for water,
and the sulphateand chlorine ions, besides copper. There was
too little of this pure material to permit of a test for alumina,
but the mixed copper minerals composing the greater part of
the specimen showed the presence of this body. It seems
therefore probable on these grounds alone that the bluish flakes
are spangolite. Vanadium, phosphorus, and arsenic are absent.

The closed-tube reactions of tﬁe mixed copper minerals are
very striking. Water is given off first. Then appears sud-
denly a white sublimate (A%CI,?) near the assay, which seems to
form or at once change to minute colorless drops. This deposit
can be driven slowly up the tube, followed at its lower, sharply
defined edge, by dark yellow-brown drops (CuCl,?), which on
eooling solidify to greenish crystalline aggregates, and the
part of the tube between them and the assay shows under the
lense delicate feathery crystallizations like frost markings on win-
dow panes. Down 1n the flame the glass becomes colored red
(Cu, 0% and in parts yellow. On charcoal the blowpipe flame
is colored azure blue and at the same time green.

In order to compare the above closed-tube behavior with that
of undoubted spangolite, a small fragment of the latter, offered
by Dr. Penfield, was tested. It gave water and then a white

* This Journal, 1890, vol. xxxix, pp. 870-878.
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sublimate like the one above mentioned, followed by a dark
olive-brown liquid, which on cooling passed though lighter
shades of color and solidified as a bright green ring. In general
this behavior is very like that of the mixture under examina-
tion from Clifton.

Gerhardtite (H,CuN,0,,).—The cliffs of granite-porphyry
in the deeply eroded- Chase Creek Canyon at Metcalf in many
places show a conspicuous and extensive bright green coating
of some copper mineral, which, no doubt, is formed by the trick-
ling of atmospheric waters over and through rocks containing a
small percentage of copper. Thisis not surprising, for porphyry
in this vicinity is altered throughout by quartz cementation and
disseminated cupriferous pyrite. This “green paint,” as it is
frequently called, is not soluble in water, and more closely ex-
amined consists of small dark green, ronghly mammillary forms,
coating the rock to a thickness of a few millimeters. Exam-
ination by the microscope fails to reveal any recognizable min-
eral in the cryptocrystalline mass.

Chemical examination led to the interesting result that the
copper minerals present consist of a nitrate and a chloride,
-neither of which ﬂas been found elsewhere in the mines of the
district. Detrital grains and some silica seem associated with
these compounds. The nitrogen seems difficult to account for
in the absence or scarcity of animal substances which might
have yielded it. Possibly it is contained in the porphyry.

The closed-tube reactions of the copper minerals forming the
mixture on this specimen are as striking in their way as those of
the mixture containing spangolite, described elsewhere. Water
first appears, then brownish nitrous vapors, followed by a sub-
limate which is not very volatile, becomes black on further heat-
ing but on cvoling yellow-brown. The glass at the bottom of
the tube is often yellow-brown when cold. After some hours
the sublimate nearly disappears or becomes greenish from ab-
sorption of water. If the water which condenses in the upper
gart of the tube on first applying heat is driven oat by the

ame, and the mouth of the tube is held in the flame, this is
colored deep green by a volatile copper compound (chloride ?).
On charcoal the flame is azure blue and at the same time green.
Vanadium is absent.

The mixture contains presumably the basic nitrate gerhardtite
and a chloride which is perhaps atacamite. Spangolite, the chlo-
ride, can hardly be present, for the slight amount of SO, shown
by test does not seem sufficient to account for the large
amount of chloride.

The only place from which gerhardtite has previously been
identified 1s at Jerome mines in the central part of Arizons,
associated with cuprite and malachite. It was discovered
there by Messrs. H. L. Wells and S. L. Penfield.



