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ARrY. XLVL—0On Spanuolite. a new Copver Mineral : by
8. L. PENFIELD.

DuriNg the summer of 1889, while visiting Mr. Norman
Spang of Etna, Allegheny County, Pa., my attention was
called by him to a very beautifully crystaflize specimen of an
unknown mineral which he had obtained from a man livin
near Tombetone, Arizona. The original owner had a smnﬁ

* Loo. cit.

¢ Notes on the Geology of Mynydd Mawr and the Nuntle Valley, Geol.
Mag., v, 1888, p. 221 and p. 430.
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collection of minerals which he had gathered together within
a radius of about two hundred miles, but he had no idea of
just where he had found the specimen, though he thought it
was from the Globe District. Mr. Spang had forgotten the
name of the man from whom he had secured it, so that until
other specimens are found uncertainty must exist about the
exact locality and mode of occurrence. On expressing a desire
to investigate the mineral, Mr. Spang very generously lent me
the specimen and has since presented me with it, and it is now
%fposited in the collection of Professor Geo. J. brush, at New
aven.

A preliminary blow-pipe examination showed that the min.
oral was undoubtedly a new species and essentially a hydrated
sulphate and chloride of copper, and I take pleasure in not
only expressing at this time my thanks to Mr. Spang for his
kindness but also in naming the mineral, which as will be
shown, is of unusual interest, Spangolite after him.

The original specimen, which was about the size of a small
hen’s egg, consisted of a rounded mass of impure cuprite which
was mostly covered with hexn%gonal crystals of spangolite, asso-
ciated with a few crystals of azurite and some slender pris
matic crystals of a copper mineral containing chlorine, probably
atacemite.

The crystallization of spangolite is hexagonal, rhomboliedral.
The habit of the crystals does not vary much as they all show
a prominent hexagonal basal plane and a series of apparently
holohedral hexagonal p{mmi 8, which as will be shown must
be taken as pyramids of the second order. Some of the crys-
tals have the habit of fig. 1 showing a prism, which is always
80 dull and striated that it ﬁives no reflection of light, asso-
ciated with pyramids and a basal plane. Others are ffatter,

figure 2, and show a large series of pyramids which oscillate
1.

with one another, giving rise to prominent striations which
run horizontally about the crystal and make the identification
of the pyramids a difficult matter. On the crystals we occa-
sionally find a prism of the first order, m, which is small but
%ivos good reflections. The matorial which could be used for
the investigation was limited, but great care was taken to
select only the best and purest crystals for making the crys-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



tallogruphic and chemical investigation. A number of small
crystals were selected which were measured in the prominent
pyramidal zones between the basal planes. The basal planes
usually gave very good reflections of the signal but on turning
the crystal on the goniometer, after the Wmmids came into &
ition to reflect light, there usually followed an unbroken
nd of signals reflected from these faces owing to their stria-
tions and oscillatory combinations. In this band of reflections
prominent parts could usually be located which indicated the
ition of distinct (}‘)yramidal faces. - On measuring fifteen
independent pyramidal zones on five different crystals, only
one crystal was found, which we will designdte as No. 1, that
gave sharp roflections from the pyramidal faces; from this an
angle was obtained of cap, 0001 A2112=68° 82", Still better
results were obtained on measuring from pyramid to pyramid
when the reflections of the signal are not so much disturbed
by the striations and the value given below, which will be
accepted as the fundamental measnrement, was obtained

pap’, 2112 4 112263 11” 30°

fromowlnicln we calculate the length of the vertical axis
¢=2'0108.

The largest of all the crystals, which we will designate as
No. 2, was fortunately so situated that it could be measured
without detaching it from the specimen. It was very sym-
metrical and had the habit shown in fig, 1; it measu about
8== in diameter and was 5§ high. Five out of the six pyr-
amidal faces p at one end of the crystal were quite perfect,
being only slightly distorted by the horizontal striations, Some
of the faces were so situated that reflections could not be
obtained from them without detaching the crystal, but a num-
ber of very satisfactory ineasurements were made which are

iven below. The accompanying table contains a summary of
&e measurements which were made on the two best crystals
from the faces ¢, 0001, O; p, 2119, 1-2; o, 2114, §-2 and m,
1010, I; all of which gave sharp reflections of the signal. The
measurements were made on a Fuess goniometer, using the
signal and the ocular 8 of Websky. The one marked with an
asterisk was taken as fundamental.

Taste [.

Crystal No. 1. Crystal Xo. 2. Calculated.
p ~p, 2112 4 112 83°11°80°%  B83°18°45° 53" 1) 30"
P Ap” 1102 o 41l 63° 11/ 45° "
A p? 1312 & 2 63° 14/ “
P P 21,2 A 123 . 101° 43’ 101° 41’
P ~on, 3112 & 1214 B0%ee’ 80° 81° 80° 81’
P ~6 3..2 . 0001 G3°32 63° 38 80"
p am 3112 4 1070 39 ¢ 39° 9
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In the above table we find a very satisfactory agreement be-
tween the measured and calculated angles from which we may
conclude that the measurement which we have accepted as
fundamental is very nearly correct.

When all of the approximate mneasurements, which were ob-
tained from fifteen different zones measuring from the basal

lane above over the pyramids on the buse below, are tabu-
ﬂtted it is found that th{ few exceptions they fall into groups
indicating the existence of a series of pyramids, among which
we may safely assume the following, in addition to those which
have already been mentioned : ¥, 2118, 1-2; n, 2116, 3-2; ~,
6338, 4-2; 1, 6337, -2 ; o, 6334, §-2; y, 2111, 2-2; 2, 6332,
8-

The following table contains a summary of the measure-
mentg which can be referred to the definite pyramids just men-
tioned.

TasLe II,

“85'.’3:'3?&' m.’.".?ﬂ:'.'.m. Average. Calculsted.
¢ ~ k 0001 A21I18 8 20° 48°-26° 1’ 26° 86/ 26° 41/
¢ A n, 0001 2110 [ 83 04 -34 48 84 20 33 80
¢ a 0,0001 43114 19 44 1946 44 3 4 9
¢ ~ 1, 0001 A 6338 3 66 46 -56 63 56 18 -6 27
¢ A 4, 0001 . 6337 [ 59 10-60 33 59 60 60 683
¢ a p, 0001 A 2112 23 63 13-68 46 63 30 63 33}
¢ a % 0001 A 633¢ [ 71°17-13 80 11 81 71 39
¢ Ay, 0001301 4 76 48 =76 36 76 13 "6 3
¢ a % 0001 A 6333 1 79 17-80 89 80 4 80 85

An examination of the above table will give an idea of the
frequency of ocourrence of the different pyramids and the
accuracy of the determination.

All of the measurements which have not already been given
in Tables I and II are collected together in the following table
where they are again arranged into groups, which indicate the
occurrence of vicinal faces agreeing nearly with simple forms.

TasLy 111,
iR, meaeant, N otveds SO dorm 12 et
23° 1 310, }-2
85 44/ 85° 30’-36° 6 n, 3116, $-3
43 40 43 156 —4¢ 6 o, 3114, -2
81 40 87 26 -67 63’ 3 r, 6338, §-3
61 87 80 47 -63 41 4 p 3112,1-2
8 2 3 183 B 2 @, 6354, §-3
77 88 M 5-18 68 4 v, 3101, 2-3
88 18 1 a, 9110, ¢-3

In all of the zones which were measnred there was no indica-
tion of any hemihedral development of the pyramids.
Cleavage.—The cleavage of spangolite is very perfect par-
allel to the base; this was a t help in stu%ying the crystals,
as many of the measurements recorded in Tables II and III,
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were obtained from cleavage-planes. Inclined to the base the
crystals usually broke with a conchoidal fracture; in only one
case a distinct cleavage was observed garallel to the pyramid
2, the angle of the cleavage measured on to the base being
63° 28’, calculated 68° 883'. Thin plates of the mineral are
non-elastic and brittle.

Etching.—Experiments made by etching the mineral with
acids gave results which add very much to a proper understand-
ing of the crystals. It is readily soluble in dilute mineral
acids and the perfect basal cleavage makes it casy to obtain
orientated sections suitable for etching. The figures differed
both with the character and strength of the acid, but always
showed a decided hemihedral and rhombohedraf symmetry.
Fig. 8 represents the character of some etchings produced by
dilute sulphuric acid. The figures which are very perfect are
about ‘086™™ in diameter and have the shape of a section across
a scalenohedron. Some of the depressions are bounded below
by a basal plane, others taper to a point while the scalenohe-
drons oscillate and give rise to delicate striations which are
beautifully brouﬁint out under the microscope by a slight change
of focus. The obtuse angle of the scalenoKedmn section meas-
ured under the microscope was about 188°, from which we
calculate that its relation to the lateral axis is a: §a: §a,
which requires an angle of 183° 10’. Fig. 4 represents some
etchings produced by very dilute sulphuric acid: 1* of con-
centrated H SO, diluted with 80* of water. These also have
a scalenohedral cross section and are about -08™™ in diameter.

The obtuse angle of the cross sections measures about 152°,
from which its relation on the lateral axes a: $a:4a can be
calculated, which requires an angle of 152° 12'. There are
also some steep rhombohedral depressions, with somewhat
curved contours developed on this section. Some of the etch-
ings produced by hydrochloric acid are shown in fig. 5, where
the hexagon is divided into three parts. The figures shown in
part @ represent deep hexagonal depressions whose cross sec-
tion is that of a pyramid of the second order, these have a
diameter of about ‘035" and are surrounded above with shal-
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low and very delicate rhombohedral depressions with curved
contours. I{x art & we have again sealenoliedral, surrounded
by shallow nndp more delicate rhombohedral, depressions. The
oztuse angle of the scalenohedral sections measured 120°, from
which its relation on the lateral axes a:ia:,ga can be cal-
culated, which requires an angle of 120° 26’. In part o
we have again represented simple scalenohedron depressions
which are about ‘025%™ in diameter and were produced by a
very dilute acid, 1** concentrated HOCI diluted with 160% of
water. The obtuse angle of the scalenohedron measured about
142°, indicating a relation on the latoral axes of «:§a:8a,
which requires an angle of 141° 48’. With nitric acid the fig-
ures are very similar to those produced by hydrochloric; in
all cases it was observed that with very dilute acids there
was a tendency to form scalenchedral and with stronger rhom-
bohedral depressions. 'When we compare the position of these
rhombolhedral and scalenohedral etchings to the outer hexagon,
which in figs. 8, 4 and 5 indicates the outline of the crystal sec-
tion, we see at once that the pyramids on the mineral must be
of the second order. It shou?d be stated hore that the etchin
were of very great beauty and perfection, the outline of the
scalenohedral cross sections being in almost all cases very dis.
tinct and free from distortions of any kind, so that tho angles
could be measured with comparative accuracy.

Optical properties.—The color of the mineral by reflected
light is dar| freen, cleavage plates by transmitted light are light
green. Prof. H. L. Wells examined a hasal section of the
mineral 4™ thick with the spectrodcope. When the slit was
very narrow the light transmitted by the mineral gave a nar-
row spectrum with a maximum of light in the green at about
4525, There was a total absorption of the red and yellow, run-
ning well into the yellowish-green. Atthe otherend of the spec-
truin there was a decided absorption of the blue and a total
absorption of the violet. Pleochroism is not very marked.
The ordinary ray is green while the extraordinary is a de-
cided bluish green, Cleavage plates show perfectly normal
optical properties In convergent polarized light they yield a
black cross surrounded by rings which are bordered Ky greon
and blue. The double refraction is quite strong and negative,
Considerable difficulty was obtained in making a prism from a
small erystal of the mineral with its edge at right angles to the
perfect basal cleavage, but a sinall one was obtained, with an
angle of 87° 48', from which the indices of refraction were de-
termined. The prism was opaque to the red and yellow lights
of lithia and soda flames, even to the yellowish-green light of a
thallium flame. With an ordinary kerosene game the prism
yielded two narrow green spectra with a minimum deviation
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of 26° 25" for the extraordinary and 28° 46’ for the ordinary,
measuring from the brightest part of the spectra, which fromn
the spectroscopic examination we have located at about 2525,
and we obtain for the two indices of refraction w 1:694, ¢1:641.

Other physical properties.—The hardness of the mineral on
the basa J)nne is about 2, on the pyramidal faces nearly 3.
The specitic gravity was taken very carefully with a chemical
balance on the purest material, which was selected for chemical
examination. After boiling the crystals-in water, to expel any
air, three separate portions weighing respectively 0°2143, 01787
and 0-1538 grams gave 3:147, 8:133 and 8:142, an average of
8-141 as the specific gravity.

Chemical composition.~—More than three grams of excep-
tionally pure material were readily obtuined by sacrificing about
one-half of the crystals on the specimen. As the material was
somewhat limited a method of analysis was adopted by which
nothing-could well escape detection and a qualitative and quan-
titative analysis was carried on with a single sample, the results
of which are given below., The fourth analysis was made on
an entirely different sample from that which yielded the figures
in the first three columns.

Calculated

for Cuy Al

1 1L II.  IV. Average.  Ratlo, CI80,91,0
80y ....- eees 10008 JOI1 1014 1011  -126 101 1003
Cl....... £ b 410 411 411 116 093 448
AlOy.... 6039 veee 651 L (] 6'60 -064 051 645
Cul..... 6967 .... 8947 5960 5981 ‘7485 600 5915
HO..ooh wee. 20032 eeas 20449 20041 14134 00T 20°32
10074 101-00
0, equivalent of Cl.... 93 100
99'83 10000

The analysis yields a ratio of SO,:Cl: A)0,:Cu0:H,0 =
1:01:098:0-51:6:0: 907 or very nearly 1:1:-5:6:9, from
which we obtain a rather complicated and remarkable formula,
Cu,AICISO,,, 9H,0. No doubt can however exist concernin§
this formula; not only was the material beautifully crystallize
and of unusual purity, but the analysis of two separate samples
are identical within the error of analysis and the ratio is through-
out very sharp; moreover the calculated composition agrees
very well with the results of analysis. A slight deficiency in
chlorine may result from a partial replacement of that element
b1¥ hydroxyl, which, if true, would diminish somewhat the
slight excess of water. The method of analysis was as follows:
A weighed quantity of the mineral lost water slowly by stand-
ing in a desiccator over sulphurie acid, amounting to 0-80 per
cent in thirty-six hours, but it regained almost all of this loss
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hy standing uncovered in the air, Heated for an hour at 100° C.
it lost about 049 per cent, but also regained this by standing
in the air. The analyses were all made on air-dry powder.
Water was determined by heating the mineral, weighed in a
platinum boat, in a hard glass tube containing a loose plug of
sodium carbonate at one end, through which the water vapors
were conducted before absorption in a weighed chloride of cal-
cium tube. A good deal of chloride of copper distilled off
from the mineral. In some cases the contents of the boat was
dissolved in nitric acid, the tube cleaned out carefully and a
complete ana}{vsis made on one portion. A new portion being
taken it was dissolved in nitric acid and the chlorine precipi-
tated with silver nitrate. The weighed silver chloride when
tested was found to contain no bromine or iodine and when
ignited in hydrogen gas yielded a weight of motallic silver
reeing with the composition AgCOl. After removing the excess
:% the silver from the solution with hydrochloric acid the SO,
was precipitated with BaCl, care being taken to avoid a loss
owing to the solubility of ﬁaSO‘ in the a?ua regia which was
present in the analysis. After separating the excess of barium
with sulphuric acid the solution was evaporated to expel the
nitric acid after which the copper was precipitated with hydro-
n sulphide and weighed after ignition in hydrogen gas as
u,S. A portion of the copper precipitate was caretully tested
for other metals, but none were found. The filtrate fromn the
copper sulphide, when evaporated to dryness and ignited left
a residue which proved to be sulphate of alumina ; this was dis-
solved in acid, precipitated in ammonia and weighed as AlO,.
A weighed quantity of the oxide was carefully tested for beryl-
linm, but none was found, and after convérsion into sulphate
and evaporation with the right quantity of K,80, it yielded
alum crystals,. The filtrate from thealumina yielded no per-
coptible residue when evaporated to dryness proving that every-
thing had been separated from the solution,
Ig/rognoatio and chamical tests—DBefore the blowpipe the
mineral fuses at about 8 to a black slaggy mass, coloring the
flame green. On charcoal with soda in reducing flame it yields
globules of metallic copper. Heated in the closed tube gives
abundant water which has a strong acid reaction. Insoluble in
water, but readily soluble in dilute acids.
. Theve is at present no kuown mineral similar to spangolite
in composition: the very rare connellite from Cornwall, Eng-
!and, whose chemical composition has never been doterminos,
is the nearest aEFroach to 1t, a8 it contains, according to Connel,
copper in combination with sulphuric and hydrochloric acids,
but the crystalline form and Xsysical properties of the two min-
erals are entirely distinot. far as can be found these two
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minerals and sulphohalite, 8Na,8O,, 2NaCl : Caracolite Na,80,,
Pb[OH]Cl and Kainite MgSO,, K0l, 8H,0 aro the only min-
eral occurrences of sulphate and chloride 1n combination. The
occurrence of small quantities of alumina in a copper mineral,
although not unknown, is certainly very unusual. It is also
interesting to note that the alumina in the formula, one atom,
is just sufficient to satisfy the quantivalence of the total acids
[AiCl S0, leaving six molecules of cupric oxide basic.

Before closing the author desires to e:’ipress the hope that
some one living in the neighborhood of Tombstone, Arizona,
will take an interest in examining both the collections and ores
of that region so as to secure, if possible, an abundant supply of
this mineral.

Mineralogical Laboratory of the Sheffield Scientifio School,
New Haven, March, 1890.
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